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Preface

Treating various pain conditions is one of the oldest activities of medicine. However,
it was not until recently that the discipline of chronic pain medicine was introduced
in clinical practice. As chronic pain is described as a very personal experience, pain
fellowships around the globe experimented with assorted curricula with various
degrees of a mix of procedures and medical management. In the United States
alone, in the more than 100 fellowship programs, topics taught vary widely as
detailed instructions on what is considered essential learning for pain fellows is
lacking.

As such, the Association of Pain Program Directors (APPD), its executive board
in collaboration with American Society of Regional Anesthesia and Pain Medicine
(ASRA PM), decided that it is the time to standardize the requirements, at least their
theoretical component, that are needed for pain fellows to graduate.

From this initiative came this book, Multidisciplinary Pain Medicine Fellowship:
Educational Guidelines by Program Directors. Its editor, Magdalena Anitescu, in
collaboration with the APPD contributors, designed the curriculum in 11 parts, each
with an essential topic that is explored in detail and supported with extensive refer-
ences for up-to-date information on the subject explored. Part I explores the diagno-
sis and non-interventional treatment of chronic pain conditions while Part II
addresses approaches to various interventions, procedures, and surgeries that can be
used in treating chronic pain conditions. Additionally, it describes in detail common
challenges and their potential resolution that fellows face upon graduation from a
pain fellowship; those include, among others, contract negotiation, enhancing prac-
tice through research, and how to start a solo practice.

We believe that this book offers a comprehensive view of what the pain fellows
will need to know upon graduation, and we strongly advise using this comprehen-
sive review to enhance local curriculum in pain fellowships across the nation and to
be used for practitioners and trainees worldwide. In the time where pain medicine is
such a dynamic and innovation incubator, we need to ensure that next generations
of pain practitioners speak the basic common language of our specialty.

This book is intended as a massive reference for pain fellows preparing for the
pain boards, for pain Program Directors who need to ensure pain fellows are learn-
ing the latest developments in pain management, for junior practitioners in need of
quick review of conditions that they have not seen often, as well as for more estab-
lished practitioners that need to update their practice in a quick review.
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As such we believe this book will be useful for all physicians that practice pain
management as it includes all topics essential to function as a competent pain physi-
cian. We hope this book will establish the basic common chronic pain guidelines
that every pain physician will be required to know upon graduation. Furthermore,
we hope that it will serve as a go-to reference for fellows as they make the transition
from trainee to independently practicing physician.

Chicago, IL, USA Magdalena Anitescu
December 15, 2024
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About the Book

The evolution of pain medicine as a specialty is rooted in historical milestones,
beginning with the introduction of ether anesthesia in the mid-nineteenth century
and progressing through the establishment of multidisciplinary pain clinics and
advanced educational frameworks. Formal pain medicine education emerged with
the establishment of accredited fellowship programs, driven by the increasing com-
plexity of pain management in mid-1970s and followed by first certification from
American Board of Anesthesiologists in early 1990s. As pain medicine grows, chal-
lenges include ensuring uniform training not only in basics of pain medicine theo-
retical knowledge but also in advanced procedures and integrating novel
technologies. Addressing these will be critical to maintaining the specialty’s rele-
vance and improving patient outcomes.

This book, emerged as a collaboration between the Association of pain program
Directors (APPD) and American Society of Regional Anesthesia and Pain Medicine
(ASRA PM), is organized in two essential parts: Part I explores the diagnosis and
non-interventional treatment of chronic pain conditions while Part II addresses
approaches to various interventions, procedures, and surgeries that can be used in
treating chronic pain conditions as well as administrative topics such as contract
negotiation, enhancing practice through research, and how to start a solo practice.

In the time where pain medicine is such a dynamic and innovation incubator, we
need to ensure that next generations of pain practitioners speak the basic common
language of our specialty. As such, we designed this book with the intention to be a
comprehensive review to enhance pain fellowship curricula across the nation and
worldwide, a massive reference for pain fellows preparing for the pain boards; it is
also intended for pain Program Directors who need to ensure pain fellows are learn-
ing the latest developments in pain management, for junior practitioners in need of
quick review of conditions that they have not seen often, as well as for more estab-
lished practitioners that need to update their practice in a quick review
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Pain is the oldest and most complex medical problem. Pain is a symptom of numer-
ous disease states that encompass nearly all medical specialties [1]. The required
training to provide effective diagnosis and comprehensive treatment of pain neces-
sitates a wide breadth of knowledge and skills that crosses medical specialties,
which most effectively can be achieved with a multidisciplinary model. Pain medi-
cine is interdisciplinary in nature and its evolution is parallel to core disciplines that
contribute with shared knowledge and skills from the fields of anesthesiology, neu-
rology, psychiatry, rheumatology, radiology, palliative care, emergency medicine,
neurosurgery, and physical medicine and rehabilitation.

History of Pain Medicine

Pain became a relevant topic in medical discourses by mid-1800s with the introduc-
tion of ether and chloroform anesthesia; additionally, medical community began
discussions on the relief of acute pain, control of severe intractable pain, and pallia-
tion of pain of those in dying states. By 1890, opium- and alcohol-based compounds
were frequently utilized, and those situations raised addictive concerns; therefore,
by 1914 the United States (US) narcotic control act was established. In the United
States, by 1917, the leading tool to treat mild to moderate pain was aspirin, while
opioids were utilized for severe pain, particularly during the First World War [1].
Between the First and Second World Wars, regional nerve blocks emerged as thera-
peutic use, in addition to with neurolytic/ablative procedures performed mainly for
terminal cancer severe pain; surgical treatment of pain was also commonly prac-
ticed in this period [2]. The use of anesthetic nerve blocks enabled physicians to
manage pain without having to resort to surgery immediately [3].
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The first clinic in the United States to offer nerve blocks for pain relief was estab-
lished in 1936; by 1947, a research-based pain clinic was founded at the University
of Oregon to train students interested in the management of pain. Among them was
a young Canadian psychologist named Robert Melzack [4]. Simultaneously, in
1953 a young anesthesiologist, John J. Bonica, practicing at Madigan Army Hospital
in Washington during the war and immediately after found himself perplex with the
vast magnitude of pain problems and the limited pain knowledge his colleagues and
him had about treatment options. As such, aiming to promote evidence and shared
knowledge of clinical decision-making for these challenging situations, the concept
of multidisciplinary pain clinics and interdisciplinary pain field emerged and the
formation of pain medicine as a specialty began [5].

In 1965, Melzack and Wall proposed the concept of the gate control theory,
which transformed education and understanding of pain modulation and perception
at the time [6]. By 1970, the International Association for the Study of Pain, the
American Pain Society (its American chapter), and PAIN journal were established
by the academic and scientific community [7]. Since then, Pain Medicine as a spe-
cialty, as well as its scholarly field, had experienced exponential growth, benefitting
from advancements in research, technology, and an improved understanding of pain
treatment opportunities [8].

History of Pain Medicine Fellowships

Pain Medicine education has evolved in parallel with the burgeoning field of pain
medicine. Anesthesiologist John J. Bonica, author of the first comprehensive pain
textbook in 1953, is credited as the father of our specialty; he created the first for-
malized training program in pain management at the University of Washington’s
multidisciplinary pain center in 1978 [5, 9, 10]. For the ensuing two decades, train-
ing was limited to several unaccredited notable academic anesthesiology programs
across the United States.

Certification in the Specialty of Pain Medicine was originally developed in 1989
when the American Board of Anesthesiology (ABA) notified the American Board of
Medical Specialties (ABMS) of its intent to offer a “Certificate of Added
Qualifications in Pain Management.” The ABMS approved the ABA pain manage-
ment application in 1991. Starting in 1992, Pain Medicine programs could be
accredited after the Accreditation Council of Graduate Medical Education (ACGME)
approved the application from the Anesthesiology Residency Review Committee
(RRC). The first certification examination was given in 1993. In 1998, the ABA sup-
ported a joint proposal by the American Board of Physical Medicine and
Rehabilitation (ABPMR) and the American Board of Psychiatry and Neurology
(ABPN) that allowed these boards to offer subspecialty certification in collabora-
tion to optimize multidisciplinary training requirements and improve the quality of
education. In 2002, the certificate title was changed to “Pain Medicine.”

At present, six member boards of ABMS (anesthesiology, PM&R, psychiatry
and neurology, family medicine, radiology, and emergency medicine) are approved
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as specialties that can acquire Pain Medicine certification, all using the ABA Pain
Medicine examination. Although the American Board of Pain Medicine (ABPM)
and the American Academy of Pain Management (AAPM) offer certification in pain
management, the ABA subspecialty certificate is the only one recognized by the
ABMS and the ACGME. After 2003, it is a requirement that all physicians must
complete a fellowship in Pain Medicine (Multidisciplinary) accredited by the
ACGME in order to take the ABA subspecialty certification in Pain Medicine exam
to become Pain Medicine specialists [9, 11].

Multidisciplinary Pain Medicine fellowships are 1-year, multidisciplinary post-
graduate training programs focused on the comprehensive diagnosis and manage-
ment of chronic pain [12]. In 2004, there were 105 ACGME-accredited Pain
Medicine fellowships in the United States, of which 94% were under Anesthesiology
as primary specialty [11]. In 2006, regardless of the sponsoring activity, a more
rigorous and unified set of requirements emphasizing specialty’s multidisciplinary
aspects, was adopted by the ACGME. This resulted in a 14.6% decline in the num-
ber of programs able to maintain accreditation; however, the remaining programs
expanded the number of positions offered.

In 2013, the Association of Pain Program Directors (APPD) elected to establish
a fellowship Match with the National Resident Matching Program (NRMP) for the
2014-2015 academic year. This led to a 14% growth in the number of ACGME-
accredited Multidisciplinary Pain Medicine fellowship programs and a 19% increase
in available positions over a 6-year interval available to multiple specialties
(Table 1.1). The number of applicants per position has slowly decreased over the
last 5 years from 1.3 in 2018 to 1.1 in 2022, translating into a steady increase in
percent of applicants matched over the same 5-year time period, from 75.6% in
2018 to 84.6% in 2022 [13]. As Pain Medicine continues to be one of the most

Table 1.1 Total number of Year Programs (N)  Fellow positions (V)
ACGME-accredited Pain 2023-2024 114 393
Medicine fellowship 2022-2023 110 377
programs and positions 2021-2022 109 378
(2005-2021) 2020-2021 111 400
2019-2020 108 386
2018-2019 104 372
2017-2018 102 361
20162017 101 354
20152016 100 337
2014-2015 97 336
2013-2014 97 326
2012-2013 97 305
20112012 92 292
2010-2011 93 288
2009-2010 91 285
2008-2009 94 286
2007-2008 92 277
2006-2007 88 190

2005-2006 103 217
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competitive fellowship programs in the United states, we noted an increased trend
of more PM&R applicants matching into fellowships, while neurology and anesthe-
siology applicant’s trend remained relatively stable within the past 3 years [12].

In 2024, the number of programs accredited by the ACGME was 117, which cor-
responded to a 12% increase in ACGME Pain Medicine fellowship programs within
two decades with 393 available positions [12-15].

Evolution of Multidisciplinary Pain Medicine
ACGME Milestones

Since the first certification of pain management issued in 1993, Pain Medicine edu-
cation has naturally evolved to reflect a comprehensive curriculum with competency
components in anesthesiology, neurology, PM&R, and psychiatry, given the multi-
disciplinary nature of the specialty [10, 11]. Pain Medicine Graduate Medical
Education (GME) has evolved from a time- and structure-based model to a
competency-based model [16]. Competency-based education is focusing on the
acquisition of skill sets as opposed to time spent in training.

To achieve this goal, in 2001, the ACGME launched 6 core competencies that
included patient care (PC), medical knowledge (MK), practice-based learning and
improvement (PBLI), interpersonal and communication skills (ICS), professional-
ism (PROF), and systems-based practice (SBP). As training programs experienced
difficulties in implementing these core competencies, the ACGME introduced the
Milestones 1.0; in this initial set, the ACGME developed sub-competencies within
each core competency that could be used to assess a trainee’s skill acquisition over
time from novice to expert [17]. As time passed and Milestone 1.0 was utilized by
Pain Medicine Program Directors, it became apparent that there was a large degree
of variability within the sub-competencies, and they lacked practicality; it was
imperative that improvements could be made, and therefore, the ACGME began
meeting with each base specialty to help develop Milestones 2.0. In 2020, the field
of pain medicine began the process of developing our new milestones. The
Milestones 2.0 working group, aimed to create less variability, combined certain
sub-competencies, focused on use of positive language in each sub-competency, as
well as created a supplemental guide that provides examples to better help users
appropriately assess pain fellows. After a period provided for public comment, the
Pain Medicine Milestones 2.0 were implemented in July 2022. Table 1.2 summa-
rizes core ACGME competencies for Pain Medicine fellowship programs [18].

In 2020, the ACGME Program Requirements in Pain Medicine were revised and
included the removal of minimum procedure numbers to be completed during Pain
Medicine fellowship [19]. In response to this, the APPD elaborated a survey study
to obtain basic information regarding procedural training and assess the differences
within trainee’s exposure across the spectrum of programs. Based on this unpub-
lished data, out of 111 programs, 74 responses were received (66.7% response rate)
with a mean fellowship size of four fellows. Fluoroscopic procedures were the most
commonly completed procedures, with 93% of programs reporting that fellows



8 V. Tieppo Francio et al.

Table 1.2 ACGME core competencies in Pain Medicine fellowship education

Core competency Description

Professionalism Fellows must demonstrate a commitment to professionalism and
adherence to ethical principles

Patient care and Fellows must be able to provide patient care that is patient and family

procedural skills centered, compassionate, equitable, appropriate, and effective

Fellows must be able to perform all medical, diagnostic, and surgical
procedures considered essential for the area of practice
Fellows must be able to recognize risks, complications, and obtain
informed consent

Medical knowledge  Fellows must demonstrate knowledge of established and evolving
biomedical, clinical, epidemiological, and social-behavioral sciences,
including scientific inquiry, as well as the application of this knowledge
to patient care

Practice-based Fellows must demonstrate the ability to investigate and evaluate their

learning and care of patient, to appraise and assimilate scientific evidence, and to

improvement continuously improve patient care based on constant self-evaluation and
lifelong learning

Interpersonal and Fellows must demonstrate interpersonal and communication skills that

communication skills result in effective exchange of information and collaboration with
patients, their families, and health professionals

Systems-based Fellows must demonstrate an awareness of and responsiveness to the

practice larger context and system of health care, including the structural and
social determinants of health, as well as the ability to call effectively on
other resources to provide optimal care

completed more than 50 procedures per year. In addition, 58% of programs reported
fellows completed more than 50 landmark-based procedures and 63% reported
more than 50 ultrasound-guided procedures per year. The most variability was noted
in numbers of advanced/surgical interventions, with 4% reporting less than 5, 9%
reporting between 5 and 10, 25% reporting between 11 and 20, 18% between 21 and
30, 13% reporting between 31 and 40, 6% reporting between 41 and 50, and 20%
reporting more than 50 advanced procedures per fellow.

In summary, the survey conveyed valuable information to conclude that Pain
Medicine trainees have a fairly similar and consistent distribution of procedure
exposure regarding landmark-based, ultrasound-based, and fluoroscopic-based pro-
cedures during training. The variability in advanced procedures between training
programs does demonstrate the limited exposure and inconsistency, which could
limit trainees’ proficiency.

According to the most recent ACGME Program Requirements for Pain Medicine,
proficiency requirements for neuromodulation and other minimally invasive
advanced procedures are not specifically defined; competency on these are delin-
eated in “a range of direct, hands-on interventional pain techniques” [19]. Given the
fast-paced evolution of the specialty with novel technologies and variability in neu-
romodulation and advanced procedures among Pain Medicine training programs,
future consideration of updated education requirements or additional clarification
with subsequent program requirement updates should be considered to bring more
consistency across board certification and ensure adequate proficiency.
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Multidisciplinary ACGME-Accredited Pain Medicine
Fellowship Curriculum

Pain Medicine specialists are tasked with expertise in reducing pain and disability
across a spectrum of disease states and pathological issues. These patients have
typically been seen by multiple providers, in both primary care and other specialties
before seeking treatment by a pain specialist. Given the diverse nature of painful
conditions, trainees seeking Pain Medicine fellowship education may originate
from different disciplines and will encounter a multidisciplinary training [18, 19].

ACGME-accredited fellowship programs in Pain Medicine must have a multidis-
ciplinary educational curriculum, focused basic science knowledge of pain physiol-
ogy, understanding of how these principles alter pain perception, and acomprehensive
approach to diagnosis and management of chronic pain including pharmacological,
non-pharmacological, and interventional treatments. Trainees in Pain Medicine
must obtain a strong foundation of anatomy and physiology of pain, fluoroscopic
and ultrasound-guided landmarks, understand proper patient selection for interven-
tions, acquire technical proficiency, management of complications, and be compe-
tent with assessment of outcomes and quality of life [20].

ACGME-accredited fellowship programs are required to be conducted in an
institution and/or its participating locations that possess ACGME-accredited resi-
dencies in at least one of four specialties (Anesthesiology, PM&R, Neurology,
Psychiatry). There must be an institutional policy governing the educational
resources committed to Pain Medicine that ensures cooperation of all the involved
disciplines and a committee to regularly review the program’s resource and its
attainment of stated goals and objectives. ACGME-accredited programs must fol-
low specific requirements that demonstrate their commitment to the multidisci-
plinary nature of the specialty, including core faculty members who completed an
ACGME-accredited fellowship program, in at least two of the following specialties:
anesthesiology, PM&R, and psychiatry and neurology [18, 19].

The educational components of ACGME-accredited Pain Medicine fellowship
programs include competency-based goals and objectives designated to promote
progress on a trajectory to autonomous Pain Medicine practice with gradual respon-
sibility for patient management, supervision, and structured activities beyond
patient care to include core didactic and research activities. The educational compo-
nents of the curriculum must expand beyond the trainee’s core specialty to include
rotations in four required disciplines (neurology, anesthesiology, PM&R, psychia-
try) and may embrace additional branches, such as palliative care, radiology, and
addiction medicine. Table 1.3 summarizes these core competencies and required
multidisciplinary rotations. The educational curriculum must include outpatient
continuity clinic experience, acute pain, and cancer pain management, comprising
of conservative, pharmacological, and interventional treatments [18, 19, 21-23].

Pain Medicine trainees must be able to perform both basic and advanced airway
management, vascular access, and recognize how to administer and manage proce-
dural sedation and physiological consequences of general anesthesia or conscious
sedation. These are competencies covered by completing an Anesthesiology
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Table 1.3 Summary of core competencies and required multidisciplinary rotations [19]

Rotation/discipline ~ Core competencies
Anesthesiology Airway management
Basic life support and advanced cardiac life support
Vascular access
General anesthesia
Monitored anesthesia care (MAC/conscious sedation)
Complications from anesthesia/sedation
Regional nerve blocks
Physical Medicine & Musculoskeletal physical exam of the spine and appendicular skeleton
Rehabilitation Dynamic musculoskeletal ultrasonography assessment

Prescription of comprehensive rehabilitation/therapy program and
assisted devices to improve function

Neurology Comprehensive neurological exam
Neuroradiology imaging interpretation
Electrodiagnostic evaluation
Evaluation and management of spasticity
Interdisciplinary management of neuromuscular pathologies

Psychiatry Identification of psychosocial risk factors
Patient education on pain psychology
Cognitive behavioral therapies
Identification and management of substance use disorders

Didactics and All fellows must complete a scholarly project that must be
Scholarly activity ~ disseminated through a publication or presentation

Journal article reviews
Quality improvement projects
Patient safety/morbidity and mortality (M&M) conferences
Tumor boards/surgical planning conferences
Grand rounds/research seminars

Radiology Independent radiographic interpretation of commonly performed
diagnostic studies (radiographs, computerized tomography/CT,
magnetic resonance images, etc.)
CT-guided interventional procedures

Palliative Care End-of-life care

Cancer pain

rotation. Musculoskeletal-based competencies include performing an appropriate
comprehensive physical exam of the spine and appendicular skeleton involving
dynamic ultrasonography and build an understanding on how to prescribe and
develop an appropriate rehabilitation program along with the use of assistive equip-
ment to help patients with chronic pain to reduce disability and return to function.
Typically, obtaining these competencies involve rotations with PM&R. Neurology
rotations aim to establish basic competence in core neurological concepts, such as
optimizing a detailed neurological examination, neurological imaging interpreta-
tion, expanding trainee’s exposure to electrodiagnostic evaluation, management of
spasticity, and interpretation and exposing fellows to interdisciplinary assessment
and management of neurological and neuromuscular pathologies. Radiology rota-
tions may offer trainees a broader opportunity to enhance their ability to indepen-
dently analyze imaging modalities that are relevant in Pain Medicine. Psychological
competencies related to identifying pertinent psychiatric and psychosocial risk
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factors, explaining the importance of psychological therapies to patients, as well as
understanding how to identify and manage substance use disorders are attained with
rotations in psychology or psychiatry. In addition to these required rotations, pro-
grams have to ensure exposure to special populations, including pediatrics, preg-
nancy, end-of-life, and those with physical or cognitive disabilities. Inclusion of
rotations in pediatrics, obstetrics, oncology, and acute/regional anesthesia may be
needed to gain exposure related to these competency requirements [18, 19, 21-23].
The incorporation of simulation-based education provides a means of incorporating
further exposure to unique situations, or advanced scenarios rarely encountered in
clinical care [24]. Fellowship programs should provide didactic and clinical curri-
cula designed to promote acquisition of competence in assessment, formulation,
and coordination of a multidisciplinary treatment plan [18, 19].

ACGME-accredited Pain Medicine training encompasses a range of hands-on
established interventional treatments, including neuraxial spinal injections, regional
nerve blocks, and neuroablative and neuromodulation procedures. Nevertheless,
over the past few years, the field has had a renaissance in new technologies beyond
these established interventions and entered a realm of minimally invasive surgical
pain management. These advancements expand the treatment algorithm and push
the field to evolve. Concurrently, ACGME-accredited Pain Medicine training pro-
grams will have to adjust and balance trainee’s learning with widely accepted
evidence-based interventions, while fostering an environment of curiosity, eager-
ness, professional development, and continual self-improvement.

Although there have been significant improvements in training since the incep-
tion of Pain Medicine fellowship several decades ago, training programs have strug-
gled to keep up with the exponential increase in educational content due to the
fast-paced, evolving nature of the field and novel percutaneous surgical techniques.
Several ideas have been discussed within the pain community regarding education
in pain medicine, such as extending the fellowship length or recognizing it as an
independent medical specialty [25, 26].

The future of Pain Medicine will continue to be bright as long as there are con-
tinuous efforts to expand funding for positions, advanced education and research,
and as long as there is support from the ACGME and sponsoring institutions to
maintain the highest quality of training, simultaneously with the advancements in
the field [27]. Nevertheless, implementing significant changes in fellowship educa-
tion is undeniably difficult, and there are numerous limitations, primarily budgetary
restraints from institutions and the ACGME that may suppress proposed changes [25].

Pain Medicine Board Certification Options

The ABMS is the leading organization for physician to obtain board certification.
The subspecialty certification in Pain Medicine is currently issued by six ABMS
Member Boards, including Anesthesiology (ABA), PM&R (ABPMR), Psychiatry
and Neurology (ABPN), Emergency Medicine (ABEM), Family Medicine (ABFM),
and Radiology (ABR) [28]. Figure 1.1 illustrates the number of new Pain Medicine
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ABA 2369
ABPMR 698
ABPN 140
ABFM 16
ABEM 10
ABR 4

u Anesthesiology (ABA) u Physical Medicine & Rehabilitation (ABPMR)

= Emergency Medicine (ABEM) Family Medicine (ABFM)

= Psychiatry & Neurology (ABPN) = Radiology (ABR)

Fig. 1.1 New Pain Medicine certificates issued by ABMS Member Boards from 2011 to 2020

subspecialty certificates issued by ABMS Member Boards in the last decade. The
process of attaining ABMS Pain Medicine board certification provides myriad ben-
efits for pain physicians, hospitals, and patients. Physicians attain certification to
demonstrate their competence and professionalism; hospitals and patients rely on
ABMS Pain Medicine board certification to promote high quality care, enhance
safety, and maintain confidence that the physicians providing care are committed to
evidence-based, ethical pain management. ACGME-accredited Pain Medicine fel-
lowships are the only nationwide recognized and federally sponsored training pro-
grams by which Pain Medicine is recognized as a subspecialty by the ABMS and
Board Certification is available.
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RVM  rostral ventromedial medulla

DLPT dorsal pontine tegmentum

PAG  peri-aqueductal gray

AC Adenylate Cyclase

PLC  Phospholipase C

cAMP Cyclic adenosine monophosphate
PKA  protein kinase A

TRPV1 Transient receptor potential vanilloid
LTP Long term potentiation

As the field of Pain Medicine continues to evolve, the required medical knowledge
for pain fellows will concurrently expand. It is imperative for trainees in Pain
Medicine to comprehend basic science knowledge on pathophysiological pain pro-
cesses that can be applied in evaluating patients suffering from chronic pain and
understand how these principles alter pain perception [1].

Anatomy, Physiology and Development of Pain Systems

The International Association for the Study of Pain (IASP) characterizes pain as
“an unpleasant sensory and emotional experience associated with, or resembling
that associated with, actual or potential tissue damage” [2]. This definition cap-
tures the essential intricacy of pain as a sensory experience colored through the
lens of cognitive interpretation, which may be influenced by biological, psycho-
logical, and social factors [3]. The pain pathway initiates peripherally through the
activation of nociceptors, where transduction processes take place. Subsequently,
the transmission is facilitated by primary afferent neurons, culminating in synap-
tic connections within the dorsal horn of the spinal cord before entering the cen-
tral nervous system (CNS) [4]. Four essential steps encompass the transformation
of a noxious stimulus into the awareness of pain: transduction, transmission,
modulation, and perception at higher cortical centers [5]. Figure 2.1 illustrates
these pathways of pain perception.

Transduction 1t involves the conversion of peripheral noxious stimuli (mechani-
cal, chemical, thermal) that evoked a chemical/electrical action potential into a
nerve signal activating first-order neurons. These are specialized nociceptor fibers
(Ad and C fibers) that terminate at the dorsal horn lamina I and V and I-II, respec-
tively. At 20 weeks of gestation, these nociceptors exist throughout skin and muco-
sal surfaces permitting the transduction phenomenon [6]. Inflammatory mediators
such as bradykinin, serotonin, prostaglandins, leukotrienes, and cytokines are
released from damaged tissues, which thereby stimulate these specialized receptors
[4, 7]. Their properties are summarized in Table 2.1.
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Fig. 2.1 Pathways of pain perception. (Created by/courtesy of Tieppo Francio, V)

Table 2.1 Fiber type and characteristics

Fiber type Group Characteristics
A-alpha I Primary muscle
(myelinated) spindle afferent
A-beta I Afferents from
(myelinated) tendon organs,
cutaneous
mechanoreceptors
A-delta n/a Intrafusal fibers
(myelinated)
A-gamma 11T Afferents from deep
(myelinated) pressure receptors in
muscles
B (myelinated) n/a Small, lightly
myelinated

C (unmyelinated) 1V

Unmyelinated nerve
fibers; Sympathetic
post-ganglionic fibers

Courtesy of/created by Tieppo Francio, V

Fiber Conduction
diameter  velocity
Function (microns)  (m/s)
Motor fibers to 15 95
motoneurons
Cutaneous touch, 12-14 30-60
pressure,
vibration,
proprioception
Motor fiber to 6 20
muscle spindles
Sharp fast pain, 6-8 10-15
light touch,
temperature
Sympathetic 3 7
pre-ganglionic
autonomic fibers
Cutaneous pain <1 <1.5

afferents, dull,
achy, burning
pain, temperature
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Transmission This step involves the conveyance of peripheral nociceptor (Ad-fibers
and C-fibers) stimuli via afferent sensory neurons towards the CNS, where it termi-
nates at the Rexed lamina I and V and I-II of the spinal cord. Their cell bodies are
located within the dorsal root ganglion (DRG). Their second-order neurons is
located in the ipsilateral dorsal horn and synapses with nociceptive specific (NS)
and/or wide dynamic range (WDR) neurons. In these locations, complex interac-
tions occur between these excitatory and inhibitory interneurons releasing glycine
and gamma-aminobutyric acid (GABA) to modulate nociceptive transmission via
pain pathways and by a spinal “gate control” mechanism.

Dorsal horn organization and myelination of spinothalamic tracts are complete
by 30 weeks, with thalamocortical connections developing at 26-30 weeks’ gesta-
tion to permit transmission and perception [6, 8]. From the dorsal horn, these neu-
rons ascend contralaterally via the lateral spinothalamic tract to the ventral
posterolateral (VPL) nuclei of the thalamus for pain discrimination/localization and
via the medial spinothalamic tract to convey motivational and affective components
of nociception towards the medial thalamic nuclei [5, 9, 10]. Table 2.2 describes the
characteristics of these ascending pain pathways.

Modulation Pain modulation is defined as an alteration in neural activity, either by
inhibition or augmentation, along the pain pathways, which may occur in the periph-
ery, spinal cord, and at higher centers [10]. In the periphery, ion channels and
peripheral receptors (acid-sensing ion channels, purinergic P2X receptors, voltage-
gated sodium, calcium, and potassium channels) at the peripheral terminal will
detect noxious stimulus (changes in pH, chemical, thermal, or tissue destruction)
and initiate a local inflammatory response (known as inflammatory soup). This
results in the release of inflammatory mediators such as histamine, substance P,
prostaglandins, leukotrienes, bradykinin, serotonin, nitric oxide, adenosine, cyto-
kines (IL-1f3, IL-6, IL-8, TNF) excitatory amino acid (EAA), and nerve growth
factor (NGF), which will enhance nociceptor sensitivity [11, 12]. Endogenous opi-
oids, acetylcholine, which desensitize C-fibers nociceptors to mechanical and heat

Table 2.2 Characteristics of ascending pain pathways

Lateral spinothalamic tract Medial spinothalamic tract
Function Sensory discriminative (localization) Autonomic, affective, motivational
aspect of pain components of pain
Structure ~ Neospinothalamic tract with somatotopic Paleospinothalamic tract, little
organization (caudal elements lateral, somatotopic organization
rostral elements medial)
Origin Neurons in lamina I and V Neurons in lamina II and IV, VIII
2nd Order  Anterior white commissure Anterior white commissure

Neurons

3rd Order  Ventral posterior lateral (VPL) thalamic =~ Medial thalamic nuclei, periaqueductal

Neurons nucleus, ventral posterior inferior (VPI)  gray matter (PAG), somatosensory
nucleus and to post-central gyrus cortex and limbic centers

Courtesy of/created by Tieppo Francio, V
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stimuli, gamma-aminobutyric acid (GABA), and somatostatin (SST) can impair the
synthesis, release, or effect of these pain-enhancing mediators, resulting in pain
modulation [11-13]. At the spinal cord level, inhibitory pain modulation may occur
by activating A fibers with tactile, non-noxious stimuli towards inhibitory inter-
neurons in the dorsal horn (lamina II), which once activated lead to inhibition of
nociceptive C-fibers [14].

Specifically dorsal horn modulation occurs with NS neurons in lamina I and II in
response to Ad and C-fibers only, or in lamina V with WDR responding to all three
sensory fibers, Af3, AS and C-fibers in a graded manner depending on the intensity
of the stimulation. This can lead to summation of potentials with repeated stimula-
tion also known as the “wind-up phenomena” resulting in hyperalgesia, allodynia,
and enhanced pain signaling. This is thought to involve excitatory neurotransmitter
glutamate and membrane depolarization at the alpha amino 3-hydroxy 5-methyl-4-
isoxazeloproprionic acid (AMPA), the N-methyl-D-aspartate (NMDA), and the
G-protein coupled metabotropic (mGluR) receptors [15-17].

The endogenous inhibitory descending modulatory system originates from
higher centers such as the hypothalamus, amygdala, rostral ventromedial medulla
(RVM), dorsolateral pontine tegmentum (DLPT), and periaqueductal gray region
(PAG) [5]. The prefrontal cortex and amygdala provide emotion-affective modula-
tion of the cognitive functions in pain [18]. The PAG and RVM also communicate
with noradrenergic, serotonergic, and dopaminergic systems to modulate pain by
activating an endogenous opioid system [19, 20]. Three types of G-protein couple
opioid receptors within the CNS (mu, delta, and kappa) that upon activation results
in neurotransmitter inhibition, cell hyperpolarization, and reduction of cell excit-
ability. Endogenous opioids, such as B-endorphins, predominately bind to mu opi-
oid receptors; Dynorphins predominately bind to kappa opioid receptors, while
Enkephalins predominately bind to delta opioid receptors [10]. Pain modulation via
these descending inhibitory pain pathways develops after full-term birth, predispos-
ing preterm infants to experience more pain [8].

Perception This is the final step in subjective sensation of pain involves an inter-
play between nociception transduction, neural transmission, modulation, and cogni-
tive interpretation. From the thalamus, nociceptive information projects via
third-order neurons to the primary and secondary somatosensory cortices, pre-
frontal and cingulate cortices, and limbic regions, where nociception is interpreted
and processed [21]. Pain interpretation, perception, and awareness involve multiple
cortical regions that are collectively defined as cortical pain matrix, which are cat-
egorized into three different levels (primary, secondary, and tertiary). The primary
and secondary matrices intercommunicate, while the third matrix integrates the
input from the first and two region and reacts with a behavioral response [22, 23].
The primary matrix is composed by the somatosensory cortex, parietal operculum,
and posterior insula, and it is responsible for pain perception, pain localization, pain
quality, and pain intensity. The secondary cortical matrix is composed by the ante-
rior cingulate cortex, anterior insula, amygdala, and hippocampus, and its main
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function is associated with the affective experience of pain, emotional processing,
negative emotions, distress, and unpleasantness. Lastly, the tertiary cortical matrix
involves the frontal cortex (orbitofrontal, anterolateral, prefrontal), medial cingu-
late, posterior cingulate gyrus and is responsible for the cognitive processing, cogni-
tive meaning to pain, and influencing behavioral responses to pain [22, 23]. As such,
pain perception may be influenced by emotional, social, environmental factors, as
well as cultural and past experiences [2].

Types of Pain Syndromes

Pain can be classified into three major categories (acute, subacute, and chronic).
Acute pain is a physiological response to a mechanical, chemical, or thermal stimuli
[24]. There is no clear threshold of when acute pain becomes subacute, but it is
generally recognized that when pain persists beyond the expected healing period
(more than 3—6 months), it may be classified as a chronic pain [25, 26]. Furthermore,
based on the International Association of the Study of Pain (IASP), pain can be
subcategorized into particular types (nociceptive, neuropathic, and nociplastic),
which can assist with differential diagnosis and treatment optimization to provide
the best care for patients [27]. Table 2.3 summarizes their distinguished features.
However, categorizing pain confined to one subtype is an oversimplification of real-
life conditions, as most pain states represent a mixed pain pattern with substantial
overlap [28, 29].

Nociceptive Pain The most common form of pain [28]. It is defined by the IASP as
“pain that arises from actual or threatened damage to non-neural tissue and is due to
activation of nociceptors” [27]. Nociceptive pain is subclassified into two main cat-
egories: somatic and visceral pain [28]. Further important definitions in somatic and
visceral pain physiology includes referred pain and its distinctive clinical characters
compared to neuropathic features such as radicular pain and radiculopathy [30].

» Somatic pain: Well-localized pain signals from joints, bones, muscles, skin,
which follow the four-step neural pathway (transduction transmission, modula-
tion, and perception), often described as intermittent, well-defined pain, aching,
gnawing, throbbing, and cramping [28, 31]. Typically, nociceptive pain from
soma has a clear and proportional relationship to movement-based factors and
predictably occurs with specific activities or postures.

e Visceral pain: Described as diffuse and difficult to localize pain from internal
organs/structures. It follows a similar pathway than somatic pain conveying at
the dorsal horn, and it may be misinterpreted as somatic pain. However, uniquely
visceral afferents traverse the prevertebral and paravertebral sympathetic ganglia
when enroute to the dorsal horn [31].

e Referred pain: The etiology of referred pain may be somatic or visceral. Referred
pain is defined as when pain is perceived in regions innervated by nerves other
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Table 2.3 Distinguished features of nociceptive, neuropathic, and nociplastic pain

Pathophysiology

Clinical features

Examples

Nociceptive pain
Tissue or potential
tissue damage resulting
in peripheral nociceptor
hyperactivity

Throbbing, aching,
pressure-like, non-
dermatomal referral,
often proximal > distal,
infrequent sensory
deficits. Typically,
nociceptive pain has a
clear and proportional
relationship to
movement-based
factors and predictably
occurs with specific
activities or postures
Degenerative (disc
degeneration, facet
arthropathy, primary
osteoarthritis),
inflammatory
(discogenic pain,
vertebrogenic pain),
myofascial (multifidus
dysfunction, muscle
spasms)

Adapted from Cohen et al. [28]

Neuropathic Pain
Disease or injury to
peripheral nerve or
central nervous system
(somatosensory system)

Shooting, electrical-
like, stabbing pain,
frequently associated
with sensory changes
(numbness, tingling,
allodynia) following a
dermatomal pattern
often distally. Weakness
may be present.
Typically, exacerbations
are less-movement
related

Radiculopathy, spinal
canal stenosis with
neurogenic claudication,
failed back surgery
syndrome/post-
laminectomy syndrome,
complex regional pain
syndrome

Nociplastic pain
Abnormal processing of
pain signals without any
clear evidence of tissue
damage involving the
somatosensory system.
Central or peripheral
sensitization with
augmented sensory
processing and
diminished inhibitory
pathways resulting in
hyper-responsiveness to
pain

Diffuse, gnawing,
aching, sharp pain.
Non-dermatomal pattern.
Non-linear and aberrant
relationship with
movement, often with
disproportionate,
non-mechanical, diffuse,
unpredictable patterns of
pain provocation or
fear-avoidance

Chronic primary
musculoskeletal pain,
fibromyalgia, chronic
widespread pain, chronic
primary pelvic pain,
complex regional pain
syndrome

than those that innervate the site of noxious stimuli [30]. Visceral referred pain,
also known as viscerosensory reflex, is regarded as a pathological combination
of nociceptive processing pathways for visceral sensory afferents, and a classic
example is the pathophysiological process of myocardial ischemia that concomi-
tantly elicits left arm pain [32]. In contrast, somatic referred pain involves nox-
ious stimulation of soma nerve endings from discs, zygapophyseal joints,
sacroiliac joints, leading to a convergence of nociceptive afferents on second-
order neurons in the dorsal horn where neural information from other structures
converges. As such, the pattern is usually non-dermatomal (non-radicular) and
follows the principle of same segmental innervation as the source. Since somatic
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referred pain is not caused by compression of nerve roots, there are no neurologi-
cal signs upon examination. It can be often described as a dull, aching, gnawing,
expanding pressure into an area that is wide, diffuse, and difficult to localize [30].

Neuropathic Pain 1t is defined by the IASP as “pain caused by a lesion or disease
of the somatosensory nervous system,” located either centrally or peripherally [27,
33]. It comprises approximately 15-25% of all pain conditions [28]. It is often
described as electric like, shooting, or lancinating with an associated area of abnor-
mal sensation or hypersensitivity, traditionally following a neural pattern and less-
movement related [28, 34]. Neuropathic pain can either be spontaneous or secondary
to a stimulus causing allodynia or hypersensitivity [35]. It is always considered
maladaptive and often broken down into two subclasses: peripheral and central
[28, 34].

e Peripheral neuropathic pain includes conditions such as radiculopathy, diabetic
peripheral neuropathy, post-herpetic neuralgia, trigeminal neuralgia, and phan-
tom limb pain [28, 34]. Radicular pain is a neuropathic type of pain evoked by
ectopic discharges emanating from the dorsal nerve roots or ganglion, often
caused by inflammation of the affected nerve, and elicits a distinctive pain, usu-
ally of lancinating quality traveling along a radicular dermatomal distribution.
Radiculopathy is yet another distinct entity defined as a neuropathic state in
which conduction is blocked along a spinal nerve or its roots. Clinically, this dif-
fers by the objective presence of neurological signs, such as diminished deep
tendon reflexes, motor weakness following a myotomal patter, and sensory
abnormalities along a dermatomal distribution. Although radicular pain and
radiculopathy commonly occur together, these can present independently from
each other [30].

» Central neuropathic pain includes traumatic, vascular, and autoimmune condi-
tions. Specific examples include spinal cord injury, post-stroke pain, and multi-
ple sclerosis, respectively [28].

Nociplastic Pain This is a third mechanistic pain category created to describe pain
that does not fit into the classification of nociceptive or neuropathic pain [36, 37].
The IASP describes nociplastic pain as “pain that arises from altered nociception
despite no clear evidence of actual or threatened tissue damage causing the activa-
tion of peripheral nociceptors or evidence for disease or lesion of the somatosensory
system causing the pain” [27]. Although mechanistically different from both neuro-
pathic and nociceptive pain, the underlying mechanism of nociplastic pain is still
poorly understood. It is thought to be related to an abnormal and augmented percep-
tion and sensory processing of pain by the peripheral and/or central nervous system
[28, 38, 39]. Nociplastic pain is often more diffuse and intense than one would
expect from the underlying injury. It is also often related to altered mood, sleep, and
memory [27]. Specific examples of nociplastic pain include chronic widespread
pain, fibromyalgia, irritable bowel syndrome, complex regional pain syndrome [36,
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38]. The IASP clinical criteria for nociplastic pain include: pain >3 months of dura-
tion, a regional pain distribution, no evidence of contributory nociceptive or neuro-
pathic pain, and hypersensitivity [27, 40].

Mixed Pain Syndrome Mixed pain syndrome is the term used to describe the con-
tinuum chronic pain cycle of an overlap in neuropathic, nociceptive, and/or noci-
plastic pain in the same area of the body [29]. It is important to note that this category
has not yet been adapted by the IASP; however, it is increasingly recognized in the
clinical and research realm. As of now, mixed pain is a clinical diagnosis based on
overlap of pain categories without an explicit diagnostic criterion. The addition of
the term syndrome acknowledges the presence of a constellation of symptoms with
no single pathophysiological mechanism, but rather combined mechanisms that
may occur concurrently [28, 38]. Figure 2.2 illustrates this important relation
between different pain categories. Important examples of mixed pain syndromes
include cancer pain, chronic post-surgical pain, and possibly non-specific low back
pain [28, 29, 41, 42].

@IXED PAIN SYNDROME)
NEUROPATHIC PAIN NOCICEPTIVE PAIN

Radiculopathy Osteoarthritis

Spinal Stenosis Discogenic pain
Complex Regional Pain Syndrome Vertebrogenic pain
Trigeminal Neuralgia Rheumatoid Arthritis
Spinal cord injury neuropathy Tendonitis
Post-amputation neuropathy Bursitis
Post-surgical pain syndrome Myofascial pain
Post-herpetic neuralgia Ankylosing spondylitis
Painful diabetic neuropathy Gout
Cancer related neuropathy Sickle-cell disease

Small fiber neuropathy Inflammatory bowel disease
(NOCIPLASTIC PAIN >

Post-stroke pain
Fibromyalgia

Irritable bowel syndrome
Tension-type headache
Pelvic pain syndrome
Complex regional pain syndrome
Tempo-mandibular disorders
Chronic fatigue syndrome
Restless leg syndrome

Fig. 2.2 Diagram displaying the complex interaction between nociceptive, neuropathic, nociplas-
tic, and mixed pain syndromes
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Common Pain Syndromes in Pain Medicine

Pathological pain syndromes such as peripheral sensitization or central sensitization
may arise upon continued or recurrent release of inflammatory mediators that will
sensitize the nociceptor and increase their rate of basal discharge (non-stimulated)
with lowering of the stimulus threshold and increase in discharge rate with each
increase in stimulus strength [3, 27]. Peripheral sensitization is a decrease in thresh-
old and an increase in responsiveness of these peripheral nociceptors, often sponta-
neously, that occurs after tissue damage and inflammation, resulting from early
post-translational changes with phosphorylation of ion channels (G-protein couple
receptors or tyrosine kinase receptors) and altered gene expression leading to pri-
mary hyperalgesia [13]. In peripheral sensitization states, a gentle touch can elicit
severe pain. The lowered threshold leads to more frequent firing and release of
inflammatory mediators recruiting silent nociceptors that are not usually activated
by painful stimuli [16]. These inflammatory mediators bind to the G-protein cou-
pled receptors leading to the release of second messenger adenylate cyclase (AC)
and phospholipase C (PLC). AC transforms adenosine triphosphate to cyclic ade-
nosine monophosphate (cCAMP) which in turn activates protein kinase A (PKA).
PKA maintains the pain response and increased hyperalgesia [16]. PLC activates
the transient receptor potential vanilloid (TRPV1) and, once sensitized, activates at
temperatures below painful ranges [16]. Prolonged/increased peripheral activation
from tissue injury may result in long-term changes at the level of the dorsal horn in
the spinal cord and brain. Long-term potentiation (LTP) plays a role in memory and
learning and is associated with pain sensitization. LTP can increase excitation at the
level of the dorsal horn and intensify the pain response. Initiation of LTP is linked
to the activation of the NMDA receptor, resulting in increased hyperalgesia at the
site and surrounding areas. Long-term peripheral sensitization can lead to central
sensitization over time [16].

In contrast to peripheral sensitization, central sensitization represents an out-
come arising from the central nervous system contributing to altered sensory input
interpretation and ultimately culminating in heightened synaptic transmission. This
phenomenon is characterized by heterosynaptic potentiation, membrane hyperex-
citability in microglia and astrocytes, alterations in gene transcription, and the
induction of augmented action potentials output from dorsal horn neurons resulting
in elevated calcium levels, glutamate, substance P, and calcitonin gene-related pep-
tide (CGRP). This leads to an abnormal state of responsiveness or increased gain of
the nociceptive system beyond the peripheral terminals and a state of facilitation,
potentiation, and/or amplification within the CNS. Thereby, central sensitization
represents a major functional shift in the somatosensory system from high-threshold
nociception to low-threshold pain hypersensitivity, in which painful sensations may
occur in the absence of noxious stimuli or peripheral injury [43]. Table 2.4 outlines
the distinctive characteristics of peripheral and central sensitization.
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Table 2.4 Characteristics of peripheral and central sensitization

Features Peripheral sensitization Central sensitization
Location Peripheral nervous system (PNS) Central nervous system (CNS)
Primary Peripheral nerve fibers and tissues Central neurons and synapses
involvement
Mediators Proinflammatory molecules, Glutamate, Substance P, calcitonin
G-protein couple receptors, gene-related peptide
tyrosine kinase
Mechanism Increased sensitivity of peripheral Amplification of pain signaling
nociceptors
Presentation ~ Heightened response to stimuli at Widespread pain, hypersensitivity,
the injury site heightened response to various stimuli not
limited to the injury site
Duration/ Temporary, adaptive response to ~ Chronic, may persist beyond the initial
Response pain injury, may become a maladaptive

response to pain
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SUD Substance use disorder

SUNCT  Short-lasting unilateral neuralgiform headache attacks with conjuncti-
val injection and tearing

TMD Temporomandibular disorder

T™J Temporomandibular joint

TRPV Transient receptor potential vanilloid
TTH Tension type headache
Introduction

Taxonomy is defined as an orderly system of nomenclature based on a set of rules
and procedures. Disease taxonomy, otherwise referred to as disease classification,
can be based on etiology, anatomical location, affected organ systems, pathophysi-
ology, or a combination of these characteristics. The International Classification of
Diseases 11th Revision [1] is the global standard for diagnostic health information,
and it is used to support healthcare payment systems, safety and quality processes,
and large-scale health services research. Another widely used classification system
is Current Procedural Terminology (CPT®) [2] which is a set of codes used to report
medical, surgical, and procedural services to health care organizations and insur-
ance companies.

The Content Outline for the American Board of Anesthesiology’s Pain Medicine
Examination relies on the Classification of Chronic Pain system that was originally
published by the International Association for the Study of Pain (IASP) in 1986. A
second edition was published in 1994, and selected sections were updated in 2011
and 2012. In its current digital form, updates are incorporated on a continual basis
and a print version of the book is no longer available. In this section, the IASP’s
Classification of Chronic Pain will be used as a template to organize and highlight
key content regarding clinical pain conditions that are encountered in the daily prac-
tice of a pain medicine physician.

Tissue Pain

Tissue pain encompasses a broad range of acute and chronic pain states that can
have characteristics of nociceptive, nociplastic, and neuropathic pain.

Acute Pain

Acute pain is a ubiquitous human experience, and it is one of the most widely cited
indications for emergent, urgent, or outpatient medical assessments. In a multi-
center study, 70% of patients in an emergency department setting were motivated to
seek care due to the onset of acute pain [3], and a single center study found that 70%
of inpatients report pain during hospital admission [4]. The high incidence and
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prevalence of pain in these settings impacts the outpatient chronic non-cancer pain
population given the relatively high likelihood that symptoms will transition from
acute to chronic pain.

Aside from major and minor trauma, acute inflammation and acute postoperative
pain are highly prevalent conditions. Acute inflammation is initiated and propagated
by a complex cascade of pro- and anti-inflammatory mediators [5]. Unresolved or
chronic inflammation is associated with coronary artery disease, cerebral vascular
disease, inflammatory bowel disease, a vast array of rheumatological disorders, and
a wide range of cancer diagnoses [6].

The prevalence of moderate to severe acute postsurgical pain ranges up to
31-58% [7]. Predictors of poor acute postsurgical pain control include young age,
female sex, symptoms of depression and anxiety, sleep disruption, higher body
mass index, the presence of preoperative pain, and the use of preoperative analgesic
medications [8]. Optimizing acute pain management is important because high lev-
els of pain are associated with the development of persistent postsurgical pain [9,
10], which may develop in 10-40% of surgical patients [10, 11].

Other predictors of persistent postsurgical pain include tobacco smoking, presur-
gical pain, longer duration of surgery, and postsurgical complications (e.g., wound
infection, cardiovascular, renal, gastrointestinal, thrombotic or neurologic adverse
events) [10, 12]. A systematic review and component network meta-analysis found
that serotonin-norepinephrine inhibitors and neural blockade were associated with
a 10% reduction in the prevalence of persistent postsurgical pain. In addition, the
combination of neural block (neuraxial, regional, or local infiltrate) and gabapenti-
noids or N-methyl-D-aspartate receptor antagonists were also effective, suggesting
that treatment effect of multimodal interventions on prevention of persistent post-
surgical pain is multiplicative [13].

Non-radicular Neck Pain

Non-radicular or axial neck pain is a common symptom with an estimated annual
prevalence of 37.2% [14]. Risk factors for neck pain include genetic predisposition,
sleep disturbance, mental health problems, obesity, tobacco smoking, sedentary
lifestyle, trauma and whiplash, low back pain, and poor general health [15-18]. The
clinical history, physical examination, and diagnostic testing should focus on iden-
tifying clinical signs of facet, intervertebral disc, muscle, and ligament involvement
as sources of pain [19]. Neoplastic, inflammatory disease processes, trauma, atlanto-
axial subluxation in Down syndrome and rheumatoid arthritis, infection, vascular
abnormalities, and neurological disease should be considered “red flag” diagnoses
warranting further diagnostic evaluation [19].

Pharmacological, interventional, and integrative treatments are available for
axial neck pain. Although few trials have evaluated medications for neck pain, low
levels of evidence support the use of topical nonsteroidal anti-inflammatory drugs
(NSAIDs) (i.e., diclofenac) [20] and muscle relaxants (i.e., cyclobenzaprine) [21].
Facet-targeted injections, radiofrequency ablation of the cervical medial branches,
epidural steroid injections, and trigger point injections are used to treat axial neck
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pain [19, 22]. The findings of multiple systematic reviews and meta-analyses sug-
gest a broad range of integrative therapies are effective for neck pain including aero-
bic and strengthening exercises, spinal manipulation, and mindfulness meditation
with structured movement and breath control (i.e., yoga, gqigong) [19].

Myofascial pain, which can involve areas of discrete or diffuse sensitivity in one
or more muscle groups, can be the primary source or an important contributing
source of neck pain. The prevalence of myofascial pain in adults with chronic neck
pain ranges up to 38% [23]. Although the origin of myofascial pain is not fully
understood, sensitized muscles release excess acetylcholine, which can lead to sus-
tained muscle contraction and sarcomere shortening, local ischemia, and release of
inflammatory mediators [24]. A distinguishing characteristic of myofascial pain is
the presence of trigger points, which are palpable bands of taut muscle that cause
referred pain in a defined pattern spontaneously or after manual stimulation.

Radicular Neck Pain

The annual incidence of cervical radiculopathy is cited as 107.3 per 100,000 men
and 63.5 per 100,000 women and the incidence peaks in the fifth decade of life [25].
Tobacco smoking, a history of lumbar radiculopathy, and strenuous lifting are risk
factors, but a history of trauma or physical exertion immediately preceding symp-
tom onset occurs in less than 15% of patients [25, 26]. In a retrospective, population-
based study, 31.7% of patients reported a recurrence of symptoms, but 90.5% had
minimal or no symptoms at a mean follow-up of 5.9 years [25]. In a systematic
review involving eight studies, 83% of individuals reported complete recovery in
two to three years [27].

Nerve root compression, spinal stenosis, and cervical myelopathy are important
causes of cervical radiculopathy. The C7 and C6 nerve roots are most commonly
involved. Disc herniation is associated with acute onset of symptoms, while insidi-
ous onset is associated with cervical spine spondylosis ((i.e., facet arthritis) [19].
Neck pain, upper extremity weakness, and diminished sensation (i.e., numbness)
are key clinical signs. On physical examination, the specificity of the Spurling’s test,
shoulder abduction and neck distraction range from 80% to 90% but the sensitivity
is less than 60% for the diagnosis of cervical radiculopathy. Although magnetic
resonance imaging is widely used in the diagnostic evaluation of cervical radicu-
lopathy, the false positive and false negative rates for diagnosing nerve root com-
pression are 45% and 26%, respectively [28]. Electromyograph and nerve conduction
studies can aid in the identification of nerve root dysfunction and identify the level
or levels of nerve root involvement.

Cervical spine stenosis can involve the central spinal canal, lateral recesses, or
intervertebral foramen. In the adult population, the estimated prevalence of cervical
stenosis is 4.9%, but the prevalence increases with age; the prevalence is 6.8%
among individuals 50 years or older and 9% among individuals older than 70 years
[29]. Degenerative disc changes, facet joint and ligament hypertrophy, osteophyte
formation, congenitally shortened pedicles, inflammatory disease processes, trauma,
and previous spine surgery are potential causes of cervical spine stenosis. Clinical
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signs and symptoms include neck pain, upper extremity radicular pain in one or
more dermatomes, reduced neck range of motion, and paraspinal tenderness.
Magnetic resonance imaging, computerized tomography, and electrodiagnostic
tests can aid in the diagnosis of cervical stenosis.

Cervical myelopathy results from compression of the spinal cord. The preva-
lence of cervical myelopathy is estimated to occur at a rate of 605 per million people
[30]. Signs and symptoms are generally insidious in onset and include neck pain,
upper extremity weakness, spasticity, hyperreflexia, impairments in fine motor
function, and gait instability. Spinal cord compression and signal changes on T1 and
T2 images are characteristic findings on MRI.

Treatments of the various causes of radicular neck pain overlap. For example,
radicular pain can be treated with over the counter medications, analgesic antide-
pressants and anticonvulsants, muscle relaxants, and adjunct opioid therapy com-
bined with physical modalities and integrative therapies [19]. Fluoroscopically
guided interlaminar and CT-guided transforaminal epidural injections play an
important role in treating cervical radicular pain and, when clinically indicated,
some individuals may be candidates for spinal cord stimulation. Conservative man-
agement may only provide temporizing benefit for some individuals, and in the
context of progressive pain or any symptoms of cervical myelopathy, referral for
surgical management should be considered.

Non-radicular Low Back Pain

Non-radicular or axial low back pain is a leading cause of disability with a lifetime
incidence of up to 84% [31]. Although approximately 30% of individuals will
recover from a single episode of low back pain, at least 65% will continue to experi-
ence symptoms at 1-year follow-up [32]. Obesity, tobacco smoking, severe baseline
disability, and a diagnosis of depression or anxiety are associated with development
of chronic low back pain [33]. Intervertebral disc degeneration, facet joint and sac-
roiliac joint arthropathy, and several abdominal, paraspinal, and gluteal muscle
groups are common sources of low back pain [34]. A stress fracture of the pars
interarticularis, otherwise referred to as a pars defect, is a common source of low
back pain in children and young adults. The incidence of pars defects is 6% to 8%
and the vast majority involve the L5 vertebral body [35]. Neoplastic, inflammatory,
and visceral disease processes, vascular, infectious, endocrine, and trauma are
potential “red flag” causes of low back pain. Physical examination tests and imaging
guidelines can aid in the evaluation and diagnosis of low back pain [34]. A vast
array of physical modalities, structured exercise programs, integrative and psycho-
logical therapies, pharmacotherapies, image-guided spine injections including
intraosseous basivertebral nerve ablation [36, 37], spinal cord stimulation and intra-
thecal drug therapy, and surgical management are used to treat low back pain [34].
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Radicular Low Back Pain

Approximately 3% to 5% of adults experience symptoms of radicular low back pain
[38]. At 1-month follow-up, 58% will report resolution of symptoms and 88% will
be symptom free at 6 months [39]. In a systematic review that involved 38 studies,
the incidence of symptomatic regression was 69% [40].

Nerve root compression and spinal stenosis are common causes of radicular back
pain. Approximately 90% of cases are due to a herniated intervertebral disc of nerve
roots at the L4-L5 or L5-S1 levels [41, 42]. Disc herniation is associated with acute
onset of symptoms over 1 to 2 days, but an insidious onset is generally seen when
nerve compression occurs in the context of foraminal stenosis associated with spon-
dylosis. An important characteristic of nerve root compression is the distribution of
pain, which should occur in dermatomal pattern, but up to one-third of patients may
have multiple affected dermatomes [43]. Radicular pain is often described as sharp
and burning, and pain can worsen with coughing and sneezing but is often improved
with recumbency. Similar to non-radicular low back pain, the clinical evaluation
should focus on identifying non-musculoskeletal or “red flag” causes of pain [34].
On physical examination, the sensitivity and specificity of the straight leg raise
maneuver for identifying lumbar radiculopathy is 64% and 57%, respectively. The
cross straight leg raise test, weakness in the great toe with dorsiflexion or extension,
and impaired Achilles tendon reflexes all possess a sensitivity under 30%, but the
specificities of these physical examination maneuvers exceed 93% in detecting lum-
bar radiculopathy [34].

Lumbar spine stenosis is often associated with both axial and radicular pain and
is typically caused by a combination of disc protrusion, facet hypertrophy, and liga-
mentum flavum hypertrophy. The incidence of lumbar spine stenosis is estimated to
be 5 cases per 100,000 people [44]. The hallmark symptom of lumbar spine stenosis
is neurogenic claudication, which is also referred to as pseudoclaudication.
Neurogenic claudication is typically associated with worsening radicular pain when
standing or walking, but pain quickly dissipates in the seated position. The sensitiv-
ity and specificity of neurogenic claudication for lumbar spine stenosis is 88% and
34%, respectively [45]. In general, lumbar extension (i.e., reduction of lumbar spine
cross-sectional area) worsens neural compression and pain, while lumbar flexion
(i.e., increase in lumbar spine cross-sectional area) reduces compression and lessens
pain [46, 47]. Other important distinguishing characteristics include age greater
than 65 (sensitivity, 77%; specificity, 69%) and bilateral buttock or leg pain (sensi-
tivity, 88%; specificity, 34%) [45, 48]. On physical examination, the presence of
motor or sensory findings is generally useful in diagnosing lumbar spine stenosis,
but the sensitivity and specificity of any specific physical examination maneuver
vary widely [34]. Magnetic resonance imaging or computerized tomography of the
lumbar spine can identify areas of stenosis, and electromyography (EMG) and
nerve conduction testing (NCV) can be used to further localize specific nerve
involvement.

Abrupt compression of the cauda equina due to massive disc herniation, a neo-
plastic process, or spine infection is characterized by rapid onset of radicular or low
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back pain, leg weakness, loss of perineal sensation, and bowel/bladder dysfunction.
This constellation of symptoms is referred to as cauda equina syndrome and it is
considered a surgical emergency.

Treatments of the various causes of radicular low back pain overlap. A broad
range of medications are used to treat radicular low back pain including antidepres-
sants, antiepileptics, NSAIDs, and acetaminophen. Fluoroscopically guided inter-
laminar or transforaminal epidural steroid injections are widely used, and spinal
cord stimulation may provide long-term pain relief in carefully selected patients
[34]. Physical and behavioral therapies, graded exercise, and a broad range of other
integrative therapies are widely used to treat radicular low back pain [34]. A broad
range of surgical techniques are available to treat radicular low back pain including
spinal decompression, foraminotomies, discectomy, and disc prosthesis [34].

Musculoskeletal Pain

The prevalence of musculoskeletal pain affecting the upper extremities ranges from
8% to 28% [49], and the prevalence of hip and knee pain ranges from 14% to 25%,
which increases in adults over 65 years of age [50, 51]. Sources of musculoskeletal
pain can be generally categorized as involving soft tissues, joints, or both. Soft tis-
sues comprise a broad range of recognized pain disorders [52] which are often asso-
ciated with large and small joint pain. The most common cause of arthralgia is
osteoarthritis, but inflammatory conditions such as rheumatological rheumatologi-
cal disorders, injury, and infectious disease processes are important contributors. In
addition to targeted imaging, which may include plain radiographs combined with
MRI or CT, a broad range of physical examination maneuvers for specific joints and
muscle groups are used in the diagnostic evaluation. Treatment options include
medications, targeted physical therapy interventions, image-guided injections (e.g.,
corticosteroid, viscosupplementation, platelet-rich plasma), and surgical procedures
(total joint arthroplasty, arthroscopy).

Myofascial Pain

Myofascial pain is a regional pain syndrome characterized by the presence of trig-
ger points involving muscles or fascia. Trigger points are taut muscle bands that
refer pain in a defined pattern either spontaneously or after stimulation such as
manual palpation or needle insertion. The potential causes of myofascial pain are
not fully elucidated. Tender or injured muscles release acetylcholine and inflamma-
tory mediators which, in turn, can lead to motor endplate dysfunction, focal isch-
emia, sarcomere dysfunction, and localized pain [24]. The prevalence estimates of
myofascial pain vary widely but range from 30% to 85% [23, 53, 54]. The diagnosis
of myofascial pain is based on the presence of 5 major and 1 of 3 minor criteria [55].
The five major criteria include (1) localized spontaneous pain, (2) hyperalgesia in
the referred area of a trigger point, (3) palpable taut band in the affected muscle, (4)
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localized tenderness, and (5) reduced range of motion [55]. Minor criteria included
(1) reproduction of spontaneous pain with manual stimulation of the trigger point,
(2) evocation of a local twitch response, and 3) pain relieved with muscle stretch or
trigger point injection [55]. Muscle stretching, strengthening, and aerobic exercise
are widely used to treat myofascial pain. Other treatments include medications (e.g.,
tricyclic antidepressants, serotonin norepinephrine reuptake inhibitors, muscle
relaxants), trigger point injections, topical anesthetics, botulinum toxin type A
injections, acupuncture, and transcutaneous electrical nerve stimulation [56].

Visceral Pain

Pain originating from internal organs is referred to as visceral pain. Commonly
encountered syndromes can involve thoracic, abdominal, and pelvic organs. Clinical
characteristics of visceral pain include poor localization with referral to somatic
structures, sensitization of somatic tissues, prominent autonomic and affective
responses, and nonspecific motor responses [57]. In general, viscera project afferent
fibers to the central nervous system via autonomic and parasympathetic nerves, and
these fibers have both sensory and autonomic regulatory functions. Visceral and
somatic afferent fibers converge, which is, in part, responsible for referred visceral
pain where visceral stimulation produces pain in a somatic structure (e.g., abdomi-
nal wall). Continued exposure of visceral nociceptors to noxious stimulation can
produce hyperalgesia which can, in turn, lead to central sensitization [58]. Treatment
of visceral pain depends upon the involved organs. Analgesic medications are
widely used including analgesic antidepressants [59], anticonvulsants [60], over the
counter analgesics, topical agents, and adjunct opioids. Fluoroscopically guided
blocks of the celiac plexus, superior hypogastric plexus, and ganglion impar are
commonly used to treat abdominal and pelvic visceral pain [61]. Visceral functions
are highly influenced by cognitive and emotional centers of the brain, and psycho-
logical therapy should be considered when high levels of negative affect or emo-
tional dysregulation are evident [62, 63]. Implantation of an intrathecal drug delivery
system [64] or spinal cord stimulator [65] may be warranted for visceral pain that is
recalcitrant to conventional treatment.

Urogenital Pain

Pain localized to the pelvis, genitalia, or perineal regions often originates from pel-
vic viscera. One in seven women [66] and one in 13 men [67] will be affected by
some form of chronic urogenital pain. Conditions common to both sexes include
chronic interstitial cystitis and bladder pain syndrome. Sex-specific conditions
include endometriosis, dysmenorrhea, and vulvodynia in women and prostatitis,
orchialgia and proctodynia in men. Neurological (e.g., pudendal neuralgia, genito-
femoral neuralgia, iliohypogastric neuralgia, ilioinguinal neuralgia), musculoskel-
etal (e.g. levator ani spasm, osteitis pubis, piriformis syndrome, sacroiliac joint
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disorders), gastrointestional [68, 69] (e.g., chronic constipation, hemorrhoids,
proctalgia fugax, proctitis, diverticulitis), oncological (e.g., neoplasm, cystic meso-
thelioma), and rheumatological (e.g., fibromyalgia, rheumatoid arthritis, spondy-
lopathies) systems are other potential sources of urogenital pain. A goal of physical
examination is to localize the source of pain by carefully reproducing the patients’
symptoms. Diagnostic imaging (e.g., MRI, CT, plain roentgenograms), laboratory
evaluations (e.g., urinalysis and culture, testing for sexually transmitted infections,
assessing inflammatory and autoimmune markers), and urological testing (e.g.,
voiding cystourethrogram) can help establish the diagnosis. Medications used to
treat urogenital pain include NSAIDs [70], alpha-blockers [70, 71], analgesic anti-
depressants [71-73] (e.g., tricyclic antidepressants, norepinephrine serotonin reup-
take inhibitors), muscle relaxants (e.g. baclofen suppositories) and antiepileptics in
some [73, 74] but not all studies [68, 69, 75] (e.g., pregabalin, gabapentin).
Depending on the underlying diagnosis, surgery may be indicated, but other proce-
dural interventions are available including diagnostic and therapeutic image-guided
nerve blocks [76], trigger point injections [77, 78], botulinum toxin A [79-81], and
neuromodulation [65, 82, 83] (e.g., dorsal root ganglion stimulation, dorsal column
spinal cord stimulation). Interdisciplinary rehabilitation [84-86] and psychological
therapies [63, 87] are often indicated due to impairments in emotional and physical
functioning.

Pain During Pregnancy and Labor

The estimated incidence of pain during pregnancy is 55% [88] and the most fre-
quently affected body regions include the low back (41%), hips (28%), and feet
(22%) [88]. Migraine headache, fibromyalgia, pelvic pain, and autoimmune dis-
eases are commonly occurring chronic pain conditions that are frequently encoun-
tered during pregnancy. Although migraine and autoimmune disease-related
symptoms often improve during pregnancy, low back, and pelvic pain frequently
worsen due, in part, to the effects of estrogen and progesterone on musculoskeletal
structures. Magnetic resonance imaging and ultrasound are the imaging modalities
of choice during pregnancy because avoiding ionizing radiation is critically impor-
tant. When indicated, nonpharmacologic treatments (e.g., physical therapy, psycho-
logical therapies), including ultrasound-guided injections (e.g., sacroiliac injections,
trigger point injections), are preferred in order to minimize the risks of pharmaco-
therapy to the neonate. However, commonly used analgesic medications include
acetaminophen, NSAIDs, low dose opioids, and local anesthetics.

Analgesia during labor and delivery is dependent, in part, on the stage of labor
[89]. Visceral pain predominates during the first stage of labor due to cervical dila-
tion and distention of the lower uterine segments. Afferent nerve fibers from these
structures travel with the sympathetic chain and enter the dorsal root ganglia at the
T10-L1 level. Somatic pain predominates during the second stage due to distention
of the pelvic floor, perineum, and pelvic structures surrounding the vagina. The
pudendal nerve carries nociceptive impulses from these structures to the dorsal root
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ganglia at the S2-S4 levels. Neuraxial analgesia (e.g., epidural, spinal, combined
spinal epidural) is widely used for labor analgesia but to be effective during the first
stage of labor, T10-L1 level must be blocked, and the S2-S4 levels must be blocked
to provide analgesia during the second stage [90]. Other interventions for labor
analgesia include systemic opioids, nitrous oxide, and nonpharmacologic tech-
niques such as acupuncture, acupressure, massage, relaxation, hydrotherapy, and
incorporation of a support person [91, 92].

Headache and Orofacial Pain
Headache

Headache disorders are one of the most prevalent and disabling conditions world-
wide [93]. Approximately 95% of the general population experience headaches at
some point in life. Data from the Global Burden of Disease Study reveal an esti-
mated global prevalence of 14.0% for migraines and 26.0% for tension-type head-
aches [94].

Headaches are stratified into primary headaches and secondary headaches.
Primary headache, which constitutes the vast majority of all headaches (98%), is
defined as a headache that is unrelated to an underlying medical condition [95].
Primary headache disorders commonly include tension-type headache (TTH),
migraine with or without aura, and trigeminal autonomic cephalalgias. Trigeminal
autonomic cephalalgias consist of cluster headaches, paroxysmal hemicrania, short-
lasting unilateral neuralgiform headache attacks with conjunctival injection and
tearing (SUNCT), and hemicrania continua. Secondary headache is due to an under-
lying medical condition, which can include a space-occupying lesion such as malig-
nancy, infection such as meningitis or encephalitis, subarachnoid hemorrhage,
vascular disease such as giant-cell arteritis or cerebral venous thrombosis, and idio-
pathic intracranial hypertension [95].

A thorough history and physical examination including a focused neurological
exam is critical for establishing the correct headache diagnosis. Details should be
obtained on headache location and laterality, character, frequency, duration, chro-
nicity, and other accompanying symptoms such as autonomic symptoms, nausea,
photophobia, and phonophobia [93]. Further, the clinician should investigate the
presence of notable red flag signs and symptoms including sudden onset of a thun-
derclap headache, new-onset headache in a patient older than 50 or younger than
10 years of age, the presence of systemic symptoms (e.g. fever), history of malig-
nancy or compromised immunity, neurological deficits, changes in the pattern of
pain, pregnancy, and progressive worsening of headache over several weeks [96].
The presence of a red flag sign or symptom may prompt the need for further evalu-
ation with a headache specialist and diagnostic testing with neuroimaging [96].

Tension-type headache presents with a bilateral pressure-like sensation in the
frontal and/or temporal regions [93]. Chronic TTH is defined as 15 or more
headache-days per month for at least three months. First-line abortive treatment
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includes NSAIDs, while first-line preventive treatment includes a tricyclic antide-
pressant (e.g., amitriptyline) [97].

Migraine headache manifests with unilateral or bilateral throbbing pain along
any part of the head and is frequently accompanied by nausea, vomiting, photopho-
bia, and phonophobia [93]. Premonitory symptoms, aura, and postdromal symp-
toms may also occur. Abortive pharmacotherapy for acute migraine includes
acetaminophen, NSAIDs, triptans, ergot derivatives, ditans, and gepants [93].
Although triptans are commonly used abortive agents, this class of medication
should be avoided in patients with coronary artery disease, stroke, and peripheral
arterial disease given their vasoconstrictive effects via the 5-HTp serotonin subtype
receptor [98]. Caution is recommended if triptans are prescribed to patients on con-
comitant antidepressants that may increase the risk for serotonin syndrome [99].
Ditans (e.g., lasmiditan) were initially developed in 2019 and are a class of abortives
with serotonin activity that is more highly selective for the 5-HT r receptor subtype,
resulting in lower risk for vasoconstrictive adverse events compared to triptans [98].
Gepants (e.g., rimegepant, ubrogepant) are calcitonin gene-related peptide (CGRP)
inhibitors with high efficacy but can cause nausea and dizziness [100]. Preventive
pharmacotherapy for migraines includes antihypertensives (e.g., propranolol), anti-
depressants (e.g., amitriptyline), and antiepiletic drugs (e.g., topiramate). In patients
with refractory symptoms, monoclonal antibodies to calcitonin gene-related peptide
(CGRP) (e.g., galcanezumab) or its receptor (e.g., erenumab) may be offered as
prophylactic pharamacotherapy [100]. Neuromodulation may also be used to treat
migraine and includes either non-invasive vagal nerve stimulators, transcranial
magnetic stimulators, and transcutaneous supraorbital neurostimulators [101].
Advanced interventional options include injection therapy with onabotulinum toxin
A, sphenopalatine ganglion block, implantable peripheral nerve stimulation of the
trigeminal nerve or vagus nerve, and high-cervical dorsal column spinal cord stimu-
lation [93, 102-104].

Cluster headache presents with sharp, unilateral pain in the orbital and/or frontal
areas accompanied by ipsilateral autonomic symptoms of conjunctival injection,
ptosis, miosis, and rhinorrhea [105]. Cluster headaches last between 30 minutes to
3 hours and have a circadian periodicity and circannual attack periods [105].
Abortive therapy includes triptans, high-flow oxygen administration, vagus nerve
stimulation, and sphenopalatine ganglion block [106]. Preventive treatment consists
of verapamil, lithium, CGRP monoclonal antibodies, and vagus nerve stimula-
tion [106].

In primary headaches with atypical features or refractory cases of primary head-
ache, alternative diagnoses due to secondary causes should be investigated.
Cervicogenic headache may occur due to pathology in various anatomical struc-
tures of the cervical spine. A common occurrence is cervical spine facet joint osteo-
arthritis with referred headaches in the occipital region that can be treated with
intra-articular facet steroid injection therapy or radiofrequency ablation of cervical
medial branch nerves [107]. Occipital neuralgia is another common cause of head-
aches localized to the occiput and can be treated with steroid injection therapy
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targeting the occipital nerves at the level of the occiput or C2 nerve root, as well as
implantable peripheral nerve stimulation [103, 108].

Orofacial Pain

Orofacial pain is defined as pain located in the face, head, or neck and may result
from musculoskeletal, neurovascular, and neuropathic etiologies. The prevalence of
orofacial pain is 17% to 26% in the general population and the prevalence is greater
in females [109, 110]. Toothache is the most prevalent facial pain complaint fol-
lowed by temporomandibular disorder (TMD) which frequently involves the tem-
poromandibular joint (TMJ), masticatory muscles, and other musculoskeletal
structures of the head and neck [111]. Accompanying symptoms may include otal-
gia, tinnitus, and dizziness [111]. Trauma to the ligaments, cartilage, disc, or bone
in the TMJ may lead to oxidative stress and pro-inflammatory cytokines, which can
adversely modulate TMJ function and lead to sensitization [112]. Genetic polymor-
phisms may increase the risk of abnormal pain responsiveness and processing,
which may contribute to the development of chronic TMD [113]. Although ana-
tomical and pathological mechanisms play a role in TMD, the etiology is often
multifactorial involving behavioral, environmental, emotional, and social factors
[114]. Furthermore, an association exists between chronic TMDs and mental health
conditions (e.g., depression, anxiety, posttraumatic stress disorder, childhood
abuse) [115].

Osteoarthritis and disc-condyle pathology affecting the TMJ are the most com-
mon anatomical abnormalities associated with TMJ pain [116]. Several types of
disc-condyle pathology have been described including varying combinations of disc
displacement with reduction, intermittent locking, and limitation in opening.
Additional anatomical sources of TMJ pain include neoplasms (e.g., chondroma,
osteochondroma, malignancy) [117], disorders in masticatory muscles involving
overuse and muscle tissue ischemia, and myofascial pain [118].

Treatment options for TMDs are dependent on the underlying etiology [119].
First-line treatment involves conservative therapy with a combination of physical
therapy, acupuncture, massage therapy, and cognitive behavioral therapy [119].
Application of oral appliances such as oral orthotics or occlusal appliances, changes
to oral parafunction habits, and changes in dietary habits such as avoidance of hard
and highly viscous foods may facilitate reduction in stress to the TMJ [119].
Pharmacotherapeutic options include NSAIDs, muscle relaxants, systemic steroids,
and neuromodulating agents such as antidepressants and anticonvulsants [119,
120]. Injection therapy with botulinum toxin A is particularly helpful for mastica-
tory muscle disorders and bruxism [121]. Surgical options to correct structural
pathology may include arthrocentesis, arthroscopy, arthrotomy, and reconstructive
jaw surgery [119, 120].

Neurovascular orofacial pain refers to pain in the intraoral region without head
pain [122]. This condition manifests with toothache-like sensations or pulsatile
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pain. This disorder does not respond to dental treatment but responds to abortive and
preventive anti-migraine pharmaceuticals such as triptans [122].

Cranial neuralgia is defined as pain originating from cervical or craniofacial
nerves, which may include trigeminal, glossopharyngeal, vagus, or occipital nerves
[123]. The quality of pain from cranial neuralgia is described as paroxysmal, lanci-
nating, and lighting-type quality exacerbated by tactile triggers or physical stimuli
to the face. Cranial neuralgia may be a primary disorder or the result of an underly-
ing secondary disease process. In addition to conservative therapy and pharmaco-
therapy mentioned above for other headache disorders, additional options may
include nerve blocks with steroid and local anesthetic, pulsed radiofrequency abla-
tion, and implantable peripheral nerve stimulation [103, 124, 125]. Peripheral nerve
stimulation is typically offered for occipital neuralgia [103]. Additional interven-
tional and surgical options for trigeminal neuralgia include microvascular decom-
pression, glycerol rhizotomy, and gamma knife radiosurgery [126].

Less frequently encountered facial pain conditions [127] include persistent idio-
pathic facial pain, idiopathic dentoalveolar pain, and burning mouth syndrome
(BMS) [128], which presents with intraoral burning and dysesthesias without oral
structural pathology. Burning mouth syndrome is a diagnosis of exclusion and treat-
ment is restricted to topical therapies, analgesic antidepressants, and antiepileptics
[128]. Other infrequently encountered conditions include giant cell arteritis [129],
myocardial ischemia [130], oropharyngeal carcinomas, and brain tumors involving
the middle cranial fossa or cerebellopontine angle [131].

Nerve Damage
Neuropathic Pain

Neuropathic pain is defined as pain arising from a lesion or disease process involv-
ing the peripheral or central nervous system [127]. The estimated prevalence of
neuropathic pain in the general population ranges from 7% to 15% [132, 133], but
in adults with diabetes the estimated prevalence is 21% [134]. Neuropathic pain
generally results from injury to unmyelinated C fibers and myelinated Ap and Ad
fibers [135]. The pathophysiology of neuropathic pain is related, in part, to the
increase in density of voltage-gated sodium channels at the site of injury producing
ectopic discharges and hyperexcitability [136]. Other contributing pathophysiologi-
cal mechanisms include alterations in the distribution of transient receptor potential
vanilloid type 1 (TRPV,) channels, extension of sympathetic fibers into the region
of the dorsal root ganglion, and reductions in spinal cord inhibitory controls
[136, 137].

Abnormalities in sensation and pain perception characterize neuropathic pain
and common clinical signs, and symptoms include paresthesias, dysesthesia, hyper-
algesia, and allodynia [135]. Pain is often described as a burning, tingling, pins and
needles, or shooting sensation [135, 136]. Although the majority of painful periph-
eral neuropathies involve the lower extremities, particularly the feet, upper
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extremity involvement can also occur. Common findings on physical examination
include reduced tactile, thermal, and vibratory sensation; loss of deep tendon
reflexes in the involved body regions; and reduced muscle strength. Electrodiagnostic
testing (e.g., EMG, NCV) can be useful for localizing the level of nerve dysfunction
(e.g., nerve root vs. plexus vs. peripheral nerve) and for identifying the presence of
active demyelination [138]. Electrodiagnostic testing may be within normal limits
if the peripheral neuropathy only involves small fibers; if a painful small-fiber neu-
ropathy is suspected, reduced density of small-fibers on skin biopsy may help estab-
lish the diagnosis [139]. Laboratory testing is also essential to identify any
underlying disease process or reversible cause of painful neuropathy. Although the
differential diagnosis is broad, general diagnostic categories include autoimmune,
infectious, nutritional deficiencies, toxic, oncological, or metabolic disease
processes.

Treatment of painful neuropathies is dependent on etiology. Any reversible
causes or identified disease process should be treated, which may require referral to
the appropriate medical specialist. Antiepileptics (e.g., gabapentin, pregabalin, val-
proate), serotonin-norepinephrine reuptake inhibitors (e.g., duloxetine, venlafax-
ine), and tricyclic antidepressant medications (nortriptyline, amitriptyline) are
effective treatments [140]. Simple analgesics (e.g., acetaminophen, NSAIDS),
herbal remedies (e.g., alpha lipoic acid, acetyl-L-carnitine), low dose opioids, and
topical agents (e.g., lidocaine 5% patch) can be used solely or combined with other
agents to develop a multimodal pharmacologic treatment plan [141]. Aerobic exer-
cise, acupuncture, and psychological interventions including cognitive behavioral
therapy may also be indicated [142, 143]. Spinal cord [144, 145] or dorsal root
ganglion [146] stimulation and intrathecal drug therapy [147, 148] should be con-
sidered for painful neuropathies recalcitrant to conventional treatments.

Complex Regional Pain Syndrome

Signs and symptoms of complex regional pain syndrome (CRPS) predominately
occur following fracture (up to 48.5% of incident cases [149]), trauma, or surgery.
Two CRPS subtypes have been described based on the absence or presence of nerve
injury; (1) type 1 occurs in the absence of identifiable nerve injury, and (2) type 2
occurs in the setting of nerve injury. The estimated incidence of CRPS 1 and CRPS
2 in a US population-based study was 5.46 and 0.82 per 100,000 person-years,
respectively [150], while the overall incidence of CRPS in a European population-
based study was 26.2 per 100,000 person-years [151]. The female to male ratio
ranges from 3:1 to 4:1, and the peak age of onset ranges from 46 to 70 years of age
[150, 151].

Upregulation of sympathetic activity, proinflammatory changes contributing to
peripheral sensitization, development of autoantibodies, and development of central
sensitization have been implicated in the pathogenesis of CRPS [152]. The diagnos-
tic criteria for CRPS, commonly referred to as the Budapest criteria, have a sensitiv-
ity and specificity of 99% and 69%, respectively [153]. The Budapest criteria are
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based on signs and symptoms from four categories: (1) sensory (e.g., allodynia,
hyperalgesia), (2) vasomotor (e.g., skin color and temperature changes), (3) sudo-
motor/edema (e.g., altered sweating, edema), and (4) motor/tropic (e.g., reduced
range of motion, trophic change affecting skin, hair, and nails). The diagnostic cri-
teria also require the presence of pain disproportionate to the inciting event and the
absence of any other disease process that could better explain the constellation of
symptoms. Triple-phase bone scan [154], plain radiographs, quantitative sensory
testing to assess sudomotor function [155], and EMG/NCV [156] may support the
diagnosis of CRPS and aid in identifying other contributing disease processes, but
CRPS remains a clinical diagnosis.

Physical therapy, exercise, mirror therapy, and graded motor imagery are widely
used to treat CRPS-related pain and impairments in functioning [157]. Multiple
medications are used including antiepileptics, analgesic antidepressants, NSAIDs,
and topical agents [158, 159]. Intravenous ketamine and bisphosphonates may also
contribute to the analgesic effects of a multimodal pharmacologic treatment plan
[158, 159]. Fluoroscopically guided or ultrasound-guided [160, 161] lumbar sym-
pathetic [162] and stellate ganglion [163] blocks are widely used for lower and
upper extremity CRPS, respectively, and spinal cord [164] and dorsal root ganglion
[165, 166] stimulation are associated with improvements in pain and functionality.
A combination of psychological, behavioral, and psychopharmacologic therapies
should be considered when comorbid mental health conditions are identified
[167, 168].

Special Cases
Pain in Infants, Children, Adolescents, and Older Adults

In children, pain assessment is dependent on developmental stage and age. Neonates
(age less than 4 weeks) and infants (age up to 1 year) are preverbal, and pain assess-
ment is based on assessing behaviors and physiologic parameters. The Neonatal
Infant Pain Scale quantifies the severity of procedural pain by assessing facial
expression, intensity of crying, breathing patterns, arm and leg position, and state of
arousal [169]. The CRIES Scale assesses postoperative pain in infants using infor-
mation collected across five domains: (1) severity of crying, (2) oxygen require-
ments, (3) increased heart rate and blood pressure, (4) expression (e.g., grimace,
grunt), and (5) level of Sleeplessness [170]. In children 2 to 7 years of age, the
FLACC Scale assesses pain using signs and symptoms from five categories: (1)
face, (2) legs (e.g., position and movement), (3) activity level, (4) cry level, and (5)
Consolability [171]. A revised FLACC Scale has been developed for use in children
with cognitive impairments [172]. In children 8 to 12 years of age, the verbal
numeric pain scale [173] or the FACES Pain Rating Scale [174] can be used to
accurately assess pain.

Assessment of pain in older adults can be confounded by cognitive deficits due
to a broad range of neurodegenerative and cerebrovascular disorders. The Pain
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Assessment in Advanced Dementia assesses pain using signs and symptoms from
five domains: (1) breathing with no vocalization, (2) distressed vocalizations, (3)
facial expressions, (4) body posture, and (5) consolability [175]. Other assessment
instruments include the Pain Assessment in Impaired Cognition [176] and the Pain
Assessment Checklist for Seniors with Limited Ability to Communicate [177].

Pain Issues in Individuals with Limited Ability to Communicate
Due to Neurocognitive Impairments

Aphasia is a neurocognitive impairment in expressive or receptive language pro-
cessing that can affect the ability to communicate by speaking, reading, writing, and
listening. Aphasia is an acquired disorder generally occurring in the context of an
acute left hemispheric stroke, but other causes include head trauma, tumor, enceph-
alitis, or neurodegenerative disorders. Word-finding difficulties, slurred speech, dif-
ficulties interpreting language, and frustration when attempting to produce speech
are common signs of aphasia. Subtypes of aphasia are generally categorized based
on the ability to formulate intelligible speech (e.g., expressive aphasia), impair-
ments in the production of understandable speech (e.g., motor aphasia characterized
by dysarthria or dysphonia), or impairments in the ability to comprehend speech,
which may involve other modalities of communication (e.g., writing, reading, audi-
tory). In clinical practice, the subtypes of aphasia often overlap. Knowledge about
pain assessment in adults with aphasia or compromised ability to communicate rep-
resents an unmet need [178]. The Pain Assessment in the Communicatively Impaired
tool has been validated for use in patients residing in long-term care facilities [179,
180] but not in patients with aphasia. In a systematic review, the vertical visual ana-
log scale and Faces Pain Scale were recommended for use in patients with aphasia,
but a reliable and valid pain rating instrument for patients with aphasia is not cur-
rently available [181].

Pain Relief in Persons with Substance Use
and Addiction Disorders

Addiction is defined by the American Society of Addiction Medicine as a complex
interaction between brain circuits, genetics, the environment, and individual life
experiences resulting in compulsive behaviors that persist despite harmful conse-
quences [182]. The term addiction has been preferentially replaced in nomenclature
by substance use disorder (SUD) to reduce stigma and encourage patients to access
healthcare to aid in symptom management. SUDs are diagnosed using the Diagnostic
and Statistical Manual, fifth edition (DSM-5) [183] where diagnostic criteria are
applied to identify patterns of maladaptive substance use leading to physical or
mental impairments in functioning. Neurobiologically, substance use is reinforced,
or rewarded, by amplifying dopaminergic activity in the striatum, globus pallidus,
thalamus, and nucleus accumbens [184].
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The estimated prevalence of any SUD in adults with chronic pain ranges from
3% to 48% [185], and the estimated prevalence of opioid use disorder (OUD) in
adults receiving long-term opioid therapy ranges from 21% to 36% [186, 187].
Although SUD screening instruments are widely used in clinical practice, scores
should be interpreted cautiously with awareness of the sensitivity and specificity of
the recommended cutoff score for each individual screening tool. For example, the
Current Opioid Misuse Measure cutoff score of 10 has a sensitivity and specificity
of 85% and 82%, respectively [188], and the CAGE questionnaire cutoff score of 8
for identifying alcohol misuse has a sensitivity and specificity of 71% and 90%,
respectively [189].

The most effective therapy for OUD includes medication assisted treatment
(MAT) (e.g., buprenorphine combined with naloxone methadone, or naltrexone)
[190, 191] but patients also benefit from a variety of psychosocial interventions with
or without concomitant MAT [191-194]. When opioid tapering is under consider-
ation or clinically indicated, clinicians should use a patient-centered approach [34,
195]. Treatment of chronic pain in the context of SUDs, including OUD, should
focus on optimizing non-opioid analgesic medications [196], incorporating behav-
ioral and psychological therapies [197, 198], and ensuring access to advanced pro-
cedural interventions [199, 200]. Considerations for managing acute pain include
incorporating a multimodal approach and careful management of concomitant use
of medications for OUD (e.g., buprenorphine) [201-203]. Patients with SUD on
buprenorphine should continue this medication in the pre-operative and periopera-
tive period [204].

Pain Relief in Areas of Deprivation and Conflict

In the developing world and regions of the world embroiled in conflict, unique bar-
riers limit delivering analgesic care to people with cancer-related pain [205], HIV/
AIDS [206], neuropathic pain related to environmental exposures [207, 208], and
trauma including trauma stemming for torture [209-211]. Poorly functioning phar-
maceutical delivery processes [212] including legal barriers limiting access to opi-
oids [213], lack of effective healthcare polices, and limited access to healthcare
education and training are critical barriers to deploying comprehensive pain care in
the developing world [214-216]. Proposed solutions towards improving pain care
include increasing awareness of the importance of pain care among political and
healthcare leaders, increasing the availability of low-cost educational materials
(e.g., internet-based materials, prior-edition print textbooks), on-site teaching and
mentorship, and increasing access to real time video-based clinical teaching [214,
217, 218].
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Pain Relief in Culturally and Linguistically Diverse People

The burden of chronic pain is influenced by a complex array of cultural and linguis-
tic factors. In defined populations, culturally and linguistically diverse (CALD)
community members experience a greater prevalence of pain [219, 220] and are at
greater risk of receiving inadequate pain care [221-223]. Beliefs about pain causa-
tion, approaches to pain management, and the differences in attitudes about patient
autonomy influence physiotherapy-based pain care in people with chronic pain
from CALD communities [224]. Furthermore, the intersection of social identities
may contribute to the unequal burden of chronic pain in communities of CALD
people [225]. More specifically, ethnocultural, social class, gender, and migration
status coalesce to create and sustain health disparities in people from CALD com-
munities [225]. Effective clinical and educational interventions aimed at chronic
disease management and prevention include (1) use of bi-lingual community-based
health care workers, (2) deployment of cultural competency training for health care
workers, (3) use of interpreter services for CALD people, (4) distribution of cultur-
ally sensitive multimedia health promotion materials for CALD communities, and
(5) the creation of community-based point-of-care services for CALD patients [226].

Summary

Pain is a complex process originating in real or perceived injury to tissues or viscera
but is always overlaid by the patient psychological experience of the pain. Multiple
treatment modalities exist to treat these acute or chronic symptoms, and typically a
multi-modal approach achieves the best outcomes, especially when accounting for
special cases such as patients with substance use disorders. Other challenging popu-
lations include pediatric patients, patients living in resource limited areas, and
patients with communication barriers (organic or linguistic/cultural). A patient-cen-
tered approach should always be prioritized when treating pain of any duration in
any patient population as this is the hallmark of an empathetic and successful pain
physician.
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Introduction

Pain, originally derived from the Latin word for “penalty,” has seen its definition
evolve over time. The International Association for the Study of Pain (IASP)
updated its definition in 2020, expanding it to include six key insights, such as its
personal nature and the distinction between pain and nociception. Assessing pain
remains challenging, primarily relying on self-reporting through scales, and these
can be influenced by various factors, including cultural differences and language
barriers. Special scales are designed for children, nonverbal patients, and patients
with dementia. Assessment of pain is complicated by placebo, which plays a signifi-
cant role in pain perception and treatment, influenced by factors like patient expec-
tations and the provider-patient relationship.

The biopsychosocial model offers a comprehensive approach to evaluating and
assessing pain. This model underpins the importance of considering diverse factors
such as race, ethnicity, gender, and age in pain assessment and treatment, reflecting
the complexity of pain and the challenges in its management across different patient
populations. This chapter serves to provide the reader with a discussion and sum-
mary of the rationale and history of how pain is assessed as well as the techniques
we use to examine pain through the physical examination, patient-reported out-
comes, psychological evaluation, and imaging modalities.

The Description of Pain

Pain is derived from Latin for “penalty” (poena). The definition and understanding
of pain have also varied with time among cultural groups. In 2020, the International
Association for the Study of Pain (IASP) revised the original 1970s definition of
pain. They defined pain as “an unpleasant sensory and emotional experience associ-
ated with, or resembling that associated with actual or potential tissue damage.” The
definition was further expanded by noting six aspects regarding pain:

. Pain is a personal experience.

. Pain and nociception are different phenomena.

. Individuals learn the concept of pain through life experiences.

. Self-report of pain should be respected.

. Pain, while adaptive, can adversely affect the function and social/psychological
well-being.

6. The inability to communicate does not negate the possibility of a painful

experience.

W AW =

The IASP maintains a list of commonly used terminology, allowing researchers
and clinicians to use a shared vocabulary to describe painful conditions and states.
Common descriptive terms include allodynia, dysesthesia, hyperalgesia, hyper-
pathia, hypoesthesia, and paresthesia. These terms refer to a specific response to a
stimulus threshold. The TASP also defines types of pain conditions, including
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Table 4.1 Select IASP definitions [1]

Term Definition
Allodynia Pain due to a stimulus that does not normally provoke pain
Dysesthesia An unpleasant abnormal sensation

Hyperalgesia  Increased pain from a stimulus that normally provokes pain

Hyperesthesia  Increased sensitivity to stimulation, excluding special senses

Hyperpathia A painful syndrome characterized by an abnormally painful reaction to a
stimulus, especially a repetitive stimulus, as well as an increased threshold

Neuropathic Pain caused by a lesion or disease of the somatosensory nervous system

pain

Nociceptive Pain that arises from actual or threatened damage to non-neuronal tissue and
pain is due to the activation of nociceptors

Nociplastic Pain that arises from altered nociception despite no clear evidence for disease
pain or lesion of the somatosensory system causing the pain

Paresthesia An abnormal sensation, whether spontaneous or evoked

neuralgia, neuropathic pain, neuropathy, central neuropathic pain, peripheral neu-
ropathic pain, nociplastic pain, nociceptive pain, spontaneous pain, and evoked
pain. In addition, the IASP defines chronic pain as pain that persists or recurs for
more than three months (Table 4.1) [1-3].

The Measurement of Pain

Despite extensive efforts, self-reporting pain remains the best way to directly evalu-
ate a patient’s current state for research/clinical purposes. To self-report, patients
must be able to assess and describe their pain experience. Various factors can influ-
ence pain reporting, including how an individual appraises pain, perceived control
over pain, and pain catastrophizing. Unidimensional scales are the most common
way to report pain and include the verbal rating scale (VRS), visual analog scale
(VAS), and numerical rating scale (NRS), among others. These scales are invalid if
a patient engages in conscious or unconscious misrepresentation, if there are cul-
tural disparities in description/self-evaluation of pain, or if impacted by language
barriers. Multidimensional measures are based on patient-reported information but
measure multiple domains. They provide greater information but take longer to
administer and utilize. Examples include the Brief Pain Inventory, McGill Pain
Questionnaire, West Haven Yale Multidimensional Pain Inventory, Oswestry
Disability Index, etc. [4-9].

Special scales have been developed for specific populations. Of note, for chil-
dren, the colored analog scale, Baker FACES, and FACES Pain Scale Revisited are
commonly used and adjusted for developmental needs. Specific scales exist for non-
verbal adults and infants, including Face, Legs, Activity, Cry, Consolability Scale
(FLACC), Pediatric Pain Profile, Chronic Pain Scale for Nonverbal Adults with
Intellectual Disabilities (CPS-NAID), and Pain Assessment in Patients with
Dementia. In the research setting, Patient-Reported Outcomes Measurement
Information System (PROMIS) and Initiative on Methods, Measurement, and Pain
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Assessment in Clinical Trials (IMMPACT) are commonly utilized and assist in
understanding responses compared to large population sets [10-13].

Placebo in Pain

Placebo is a neuro-psycho-physiological interaction with data suggesting that pla-
cebo analgesia is mediated by endogenous opioid and non-opioid mechanisms (cho-
lecystokinin (CCK), dopamine). Several factors have been found to influence the
placebo response, including patient expectation, patient conditioning, learned
behaviors, and provider-patient interactions; in certain cases, these are additive.
Neuroimaging studies demonstrate activation with placebo in the dorsolateral pre-
frontal cortex (DLPFC), the rostral anterior cingulate cortex (rACC), and the peri-
aqueductal gray (PAG) regions involved in the descending pain modulating network.
Significant interactions suggest that the descending rACC/PAG/RVM pain-
modulating circuit is involved in placebo analgesia. This network then inhibits
regions involved in pain processing, such as the mid and posterior cingulate cortex
(MCC, PCC), insula, and thalamus [14—17].

While placebo plays an important role in clinical trials, it presents several chal-
lenges. Firstly, several phenomena that influence results/data are sometimes misat-
tributed to placebo in research and clinical practice. This includes regression to the
mean, natural history of the disease, response bias, reporting bias, and the Hawthorne
effect. Secondly, research suggests that patient factors may influence placebo,
including age, sex, genetics, etc. There have been calls to eliminate placebo for
clinical research, primarily arguing that treatment should be compared to standard
of care and not placebo, as well as that placebo involves deception and thus violates
patient autonomy [18]. The ethics of placebo in clinical trials and clinical practice
continue to be debated, with a principle guiding factor being protecting placebo
recipients from harm. Given the widespread use of placebo in clinical research,
patients must express an understanding of the potential to receive a placebo before
starting the trial. While it is considered unethical to deceive a patient knowingly, the
placebo effect is likely ubiquitous in healthcare. This concept is highlighted by the
open-hidden paradigm, in which a treatment is less effective when given covertly.
The increased effectiveness of open treatment suggests that patient understanding of
treatment and the patient-provider relationship are crucial in treatment delivery [16].

In contrast to placebo, the nocebo effect refers to negative side effects expected
only for active treatment but experienced by placebo recipients. It can also refer to
negative effect when something is not done. Research has shown that there are
likely nocebo responders similar to how there are placebo responders, with CCK,
dopamine, and opioid systems likely playing roles [19].
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Epidemiology of Pain

It remains challenging to study the epidemiology of pain due to its subjective nature
and lack of consensus on how to define and measure pain. Incidence and prevalence
are complex for chronic pain; the Institute of Medicine, as part of the 2010 Patient
Protection and Affordable Care Act, performed an econometric study that estimated
100 million American adults are affected by chronic pain [20]. In noting the epide-
miology of pain, it is important to differentiate mild impact from high-impact
chronic pain. High-impact chronic pain is associated with substantial restriction of
participation in work, social, and self-care activities for six months or more; the
economic burden is estimated at >500 billion dollars/year. However, there is a need
for better data on the prevalence, incidence, and treatment of chronic pain. Data
suggest that pain is more prevalent in individuals with limited access to health care
services, in certain racial/ethnic minorities, in certain geographic regions, and in
certain occupational roles. When looking at specific populations, such as children or
adolescents, the data becomes even less precise and highlights areas for further
research [21, 22].

Assessment of Pain as a Biopsychosocial Experience

The original biopsychosocial model (BPS) of pain, developed by Engel [23], pro-
posed that biological, psychological, and social factors are involved in determining
when patients are viewed as sick by themselves or by others. Adapted by Gatchel
and colleagues [24-26], the BPS model of chronic pain suggests that biological and
psychological factors consist of central (i.e., biological, cognitive, somatic, affec-
tive) and peripheral (i.e., autonomic, endocrine, immune) processes. Social factors
(e.g., social support, culture) interact with the biological and psychological factors
to influence a person’s experience of chronic pain. This conceptual model has been
adapted to guide research in a variety of chronic pain conditions [27-30] and has
been widely accepted as the most inclusive model for assessing chronic pain and
formulating effective, comprehensive treatment plans.

The biopsychosocial-spiritual model recognizes the impact of religious factors in
modulating a patient’s pain experience, and patients’ spiritual backgrounds should
be noted in a comprehensive pain assessment. A 2021 review evaluated the relation-
ship between religious beliefs and attitudes and clinical outcomes, including
patients’ perceived pain intensity, pain interference, disability, physical functioning,
and coping among patients with chronic musculoskeletal pain syndromes. There
was weak evidence that religiosity is positively associated with worse pain-related
beliefs and worse pain-related emotions, but with positive impacts on coping strate-
gies and pain acceptance [31].
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Race and Ethnicity in Pain

Despite increased awareness and focus on improving disparities in healthcare, dis-
parities in pain treatment continue to be prevalent. Evidence shows that racial and
ethnic minorities have disproportionately unrelieved pain. African Americans report
higher pain levels from medical conditions including AIDS, glaucoma, migraine
headaches, and postoperative pain [32]. Across multiple clinical settings, evidence
has shown that racial and ethnic minorities, compared to Caucasian patients, are less
likely to be prescribed analgesics [33, 34]. Disparities in pain management deci-
sions when treating minorities have been reported across various conditions and
clinical scenarios, including emergency care, cancer pain treatment, and acute post-
operative pain treatment. Studies show that African American and Hispanic patients
are more likely to be undertreated for pain than their Caucasian counterparts [35].
Non-white patients seen in the emergency department are 22—-30% less likely to
receive analgesic medications, 17-30% less likely to receive opioids, and tend to
have longer wait times compared to their white counterparts [36]. Several factors
are proposed to contribute to disparities in pain care. Patient factors contributing to
differences in pain treatment outcomes include racial and ethnic differences in the
patient’s experience of pain. Some studies show that African American patients
report a greater pain-related disability, suffering, and psychological symptoms
related to pain, which may influence these patients’ pain experiences negatively,
contributing to disparities in care [35, 37]. Racial and ethnic disparities in pain treat-
ment also heavily contribute to disparities in pain relief. Because the primary means
to assess pain remains the patient’s subjective and the provider’s impression of the
patient’s pain severity, implicit stereotypes may impact the observer’s perception.
Examples of physician bias include evidence that negative stereotypes have been
documented for racial and ethnic minorities that experience pain [38, 39]. African-
Americans and Hispanics have been shown to receive more scrutiny for potential
drug abuse, despite evidence showing no increased rate of aberrant drug use amongst
these populations [40, 41]. Evidence shows that primary care providers are more
likely to underestimate pain intensity in African American patients than in other
racial groups [42].

Special Populations and Pain

Special populations, such as pregnant women, older adults, those with mental health
disorders, those with active or past substance abuse, and opioid-tolerant patients,
often have unique characteristics and experiences. Due to their unique circum-
stances, certain populations may be more prone to specific pain syndromes. For
instance, 45% of women develop pelvic girdle or low back pain during pregnancy,
and up to 25% develop these pain syndromes in the postpartum period. Pelvic girdle
pain describes pain in the regions of one or both sacroiliac (SI) joints and the gluteal
region. Patients may also report pain in the pubic symphysis region. In contrast, low
back pain of pregnancy is defined as pain in the lumbar region. Risk factors include
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strenuous work, previous low back pain, or pain syndromes in a previous pregnancy,
and these factors should be considered when performing the initial assessment of
pain in the pregnant patient [43].

A full psychological history and review of affective symptoms should be included
in a comprehensive pain assessment. Systematic reviews indicate that chronic pain
patients show elevations in all indices of self-reported negative affect, which include
depression, anxiety, and emotional distress [44—46]. These psychological factors
should be assessed in patients with persistent pain. Historically, psychological dis-
tress was often interpreted to be a consequence of chronic pain. Still, many studies
now suggest that premorbid psychological dysfunction increases the risk of devel-
oping chronic pain. Therefore, psychological distress may be a predisposing risk
factor for developing chronic pain syndromes [47-50]. Research has well estab-
lished the role of emotional distress in the pain experience, and research in the last
three decades has shown that adverse childhood experiences (ACEs), defined as
potentially traumatic events, are associated with higher rates of pain in adulthood,
and adults with chronic pain are much more likely to report ACEs, even suggesting
a cumulative effect. Research is looking into mechanisms, treatment options, and
differentiating between types of ACEs and their impact on chronic pain.

Older Adults and Pain

Older adults are less likely to have pain assessment documented in various clinical
scenarios, contributing to undertreatment of pain in the older adult population
[51-53]. Multiple factors influence which pain assessment tools are most appropri-
ate for the aging population. In acute pain scenarios, abnormalities in blood pres-
sure, heart rate, or respiratory rate are common and can be used as surrogates to
assess the severity of pain. However, these variabilities in a patient’s vitals are not
present in chronic pain situations. Healthcare providers need to rely on comprehen-
sive assessment, including self-reported measurements, cognitive assessments, and
collateral sources.

For those older adults who are cognitively intact, and even those with mild
dementia, self-reported instruments such as the NRS (numerical rating scale) and
VDS (verbal descriptor scale) are commonly used and validated [54]. Various
assessment tools may be utilized according to older individuals’ unique disabilities.
In older patients with language impediments and cognitive impairment, which
impacts their ability to conceptualize the VAS and NRS when quantifying pain
severity, the Faces Pain Scale (FPS) has been successfully utilized as a more appro-
priate alternate tool [55]. Assessment of pain intensity in older adults should include
an assessment of functional status. Screening for mobility impairments should be
routine in the older population, as a change in mobility may be an early sign of pain.
Gait speed is a good predictor of disability and, therefore, may be a useful measure
when assessing functionality [56]. Studies show that older adults may under report
pain because of the belief that pain is a “normal part of aging.” Thus, gathering col-
lateral information from loved ones or caregivers may give the healthcare provider
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improved insight into the true nature of a patient’s pain experience. In cases where
patients have significant cognitive impairment, caregivers or healthcare providers
are encouraged to use behavioral clues to gauge pain severity.

Sex and Gender Issues in Pain

Per the World Health Organization, “Gender is used to describe the characteristics
of women and men that are socially constructed, while sex refers to those that are
biologically determined.” [57] In examining the role of sex and gender in pain we
will first look at the influence of sex. Sex hormones influence pain response, affect-
ing men and women differently. Sex hormones and their receptors are present and
impact both areas of the central and peripheral nervous systems associated with
nociceptive transmission [58, 59]. Estradiol and progesterone effects on pain sensi-
tivity are relatively complex. Both estradiol and progesterone exert pro-nociceptive
and anti-nociceptive effects on pain, however, testosterone is anti-nociceptive and
therefore protective in the pain response [60]. There may be sex-related differences
in the endogenous opioid system. Smith and colleagues found that women in high
estradiol and low progesterone states exhibited decreased pain sensitivity than those
women in low estradiol states. In a review of experimental pain differences amongst
children, most experiments showed no differences in pain sensitivity. However, the
difference was more pronounced with older children (greater than 12 years of age),
with girls tending to be more sensitive and less tolerant to painful stimuli than boys.
This difference in older children but not in younger children suggests a hormonal
influence on pain sensitivity [61]. Certain pain syndromes seem to have hormonal
influences. Sex differences in response to pain interventions may exist. One review
of 18 studies showed that female patients had lower opioid use in postoperative pain
settings [62]. However, these findings have not been consistent. A recent meta-
analysis reported mixed results for sex differences in opioid analgesic efficacy [63].
While the authors found no sex-specific effects for mu-opioid analgesia across clini-
cal studies evaluating mu-opioids, there did appear to be a greater ‘analgesic’ effect
for female patients when restricting analyses to patient-controlled analgesia
(PCA) usage.

Some evidence suggests psychosocial factors influence the pain response
amongst the different sexes, though the available literature does focus primarily on
heteronormative gender differences. Catastrophizing is associated with increased
pain and pain-related disability, and cisgender women tend to engage in catastroph-
izing more often than their male counterparts. These differences thereby influence
treatment outcomes amongst men and women [64]. A lower degree of self-efficacy
has been found to be associated with higher levels of pain and physical symptom-
atology and evidence shows that cisgender men demonstrate greater self-efficacy.
This difference in self-efficacy was subsequently related to lower cold pressor pain
sensitivity amongst male participants [65].

Large-scale epidemiological studies across multiple different regions find that
women report pain more frequently than men [66]. Sociocultural beliefs about
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femininity and masculinity appear to impact pain responses among the different
sexes, as pain expression is generally more socially acceptable amongst women.
This difference in social acceptance may lead to a bias in pain reporting in women
and thus treatment-seeking. One study revealed that both men and women believed
that men report pain less than women due to it being less socially acceptable [67].
Review of pain responses across multiple painful stimuli and various pain measures
remains highly consistent. Women have higher pain sensitivity when compared to
men [68]. Unfortunately, much of the literature on these gender and sex differences
does not adequately differentiate between sex and gender roles, and future studies
should hopefully differentiate the different impacts gender and sex make on pain
sensitivity and individuals’ chronic pain experience. The vast majority of the avail-
able literature on these impacts focuses primarily on the heteronormative experience.

Language Barriers and Pain

Physician/patient communication can also lead to disparities in healthcare. Factors
including language barriers for those patients who are not primarily English-
speaking, including lack of access to interpreting services, contribute to poor out-
comes. Cultural differences in communication styles and health literacy, shown to
impact African-American populations as well as other minority groups, impact
patient/provider communication. Poor communication impacts the patient/physi-
cian therapeutic relationship, the patient’s trust in their healthcare provider, and
ultimately treatment outcomes [42, 69].

Assessment of Pain

Multiple factors outside of the biomedical context contribute to a patient’s pain
experience. Cultural influences, comorbid mood disorders, including present or
prior history of substance dependence, sexual abuse, previous trauma, older age,
chronic disease, and economic disparity are all examples of psychosocial factors
which contribute to a patient’s pain experience. An important aspect of the pain
assessment is acknowledgment of the influence of various comorbidities and psy-
chosocial determinants of health that impact pain perception and experience.
Comprehensive pain assessment should include review of the patient’s social
situation. Social forces impact pain experience, assessment, and pain-related out-
comes in treatment. In a review by Jensen et al., it was found that increased per-
ceived social support was associated with better outcomes, including less pain and
improved overall functioning in patients with pain and disability related to spinal
cord injury, multiple sclerosis, and acquired amputation [70]. There is also substan-
tial literature illustrating the important role of social support in the pain experience
caused by cancer and its treatments [30, 71]. Other important social interactions,
such as relationships at work, impact pain assessment and treatment outcomes.
Lack of social support at work, work dissatisfaction, and interactions with the
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disability compensation system are significant predictors of pain-related work dis-
ability [72-74].

Assessment of nutritional status, sleep function, sexual function, general health,
past treatments, and pharmacological management are all important when evaluat-
ing patients with complex chronic pain syndromes. Sleep hygiene can impact not
only patient function but also pain sensitivity. Insomnia and other sleep disorders
are highly prevalent among those experiencing chronic pain. Sleep disorders,
including non-restorative sleep, are closely related to the manifestation of central
sensitization, are characterized by low-grade neuroinflammation, and commonly
associated with affective disturbance, including anxiety and stress [75]. Nutritional
status may also contribute to the patient’s pain severity and should be considered in
a comprehensive pain assessment. Muscular pain and myalgias have been associ-
ated with deficiencies in amino acids, magnesium, selenium, and vitamins B and
D. Research also shows that those deficient in certain essential nutrients may
develop dysfunction of pain inhibitory mechanisms. These deficiencies may con-
tribute to fatigue and other chronic pain symptoms, including severity of pain in
fibromyalgia [76].

Physical Examination in Chronic Pain Syndrome

The pain examination is a close second to history as a diagnostic tool in the assess-
ment of pain (Table 4.2). While there are many ways to think about the elements of
the physical examination required for pain assessment, a hybrid model known as the
“comprehensive neuromusculoskeletal evaluation” combines key elements of both
the neurologic and musculoskeletal exams and is geared for the pain physician [77]
and will be presented here. Regardless of the order, this is a key element in working
with the chronic pain patient. A survey of 120 chronic pain patients showed that
97% felt that a physical exam allowed the doctor to find useful information, 92%
felt that the physical exam showed that the doctor cares for them, and 87% felt that
the exam was as important as an MRI [78].

The general observation of the patient includes vital signs, pain behaviors, obser-
vation of gait, mannerisms, coordination, interaction with others, and appearance.
During this initial discussion, a basic mental status examination determining the
patient’s level of consciousness and alertness, general understanding of why they
are seeing you, and orientation to person, place, and time can be added on. The

Table 4.2 Elements of the Physical exam elements

chronic pain physical exam Observation of patient
Basic mental status examination
Inspection and palpation
Range of motion/strength testing
Reflexes/tone
Sensory testing
Coordination/gait
Provocative maneuvers
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inspection of the patient specifically looks at the affected region, looking for cutane-
ous landmarks (scars, rashes, etc.), symmetry, temperature, trauma, muscle bulk,
posture, or alignment if applicable. After inspection, palpation/percussion serves to
further narrow the cause of pain and identifies areas that could serve as pain genera-
tors, such as lymph nodes, trigger points, and nerve entrapments (Tinel sign).

Focusing on the affected area range of motion, both active and passive, can be
used to identify soft tissue restrictions, laxity, and hypermobility. Strength testing is
then used to assess motor function. The standard muscle grading system to assess
strength over a 0-5 scale is an effort-dependent scale [79]. For a full discussion on
the evolution of this scale and the controversies that surround it, please see Dyck
et al. [80]. This presents challenges for many pain patients who are limited in effort
due to pain. This should be recognized and noted on the exam so as not to misrep-
resent the level of weakness. It is ideal to test the muscle on one side more than the
other to achieve a comparison, remembering, though, that the dominant side should
always be stronger, although this difference may be subtle. Patterns of muscle weak-
ness can help make the diagnosis; for example, proximal muscle weakness may
suggest a myopathy, whereas distal muscle weakness can suggest a polyneuropathy.
Muscle tone can also be examined during this process, looking for hypotonia or
spasticity [77].

The goal of the sensory exam is to determine which fibers and tracks are involved.
An initial description of the pain can be very helpful with localization with “sharp,
shooting” pain transmitted by fast A-delta fibers and dull, poorly localized burning
pain transmitted by C fibers. Allodynia, should be very easy to pick up on the initial
gross sensory exam. If a deficit or an area of allodynia is discovered, then a more
detailed exam can occur. Pinprick and temperature are mediated by A-delta (cold)
and C fibers (warm). Hyperalgesia, a severe pain in response to a mild noxious
stimulus is often assessed with pinprick. Vibration, proprioception, and fine touch
are mediated by A-beta fibers. Higher cortical sensory testing, such as graphesthesia
and stereognosis may also be used. These tools can be used to form a “lesion map.”
[77, 81]

Once a sensory lesion is detected, it needs to be understood in the context of the
injury—is it a peripheral sensory nerve fitting the distribution of a cutaneous inner-
vation map, or is it a radicular pattern fitting the distribution of the dermatome map?
A broader area of involvement may suggest a plexopathy vs. a central pathology
involving the brain and/or spinal cord.

Deep tendon reflexes can assist in localizing the lesion to upper or lower motor
neurons and have a standardized grading system of 0 to 4+. They can also be helpful
in distinguishing poor effort from true weakness. If the reflex testing is eliciting
hypoactive reflexes, consider distraction techniques—or voluntary contraction of
muscles not being tested. The Jendrassik maneuver is a classic distraction technique
and entails hooking the digits of both hands and forcibly trying to separate them
while the examiner is testing reflexes. Several reflexes are referred to as “patho-
logic” for their ability to suggest an upper motor neuron abnormality. Clonus (more
than several beats), Babinski (also referred to as a positive plantar reflex testing),
and the Hoffman sign are examples [77, 81]. Coordination and gait are helpful for
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assessing cerebellar function as well as sensory. The traditional finger-nose-finger
and heel-knee-shin assess cerebellar function. Balance or equilibrium can be
observed in the heel-toe walk in a straight line. A Romberg test is performed; how-
ever, a failed test can indicate a problem in the sensory (proprioceptive), cerebellar,
or vestibular system. Gait assessment should be performed in a hallway where the
patient has space to walk. This can be useful to detect certain gaits, such as a high
steppage gait or a neuropathic gait due to weakness in the foot dorsiflexors and an
attempt to prevent them from dragging.

The last parts of the physical exam are the special tests and provocative tests that
can further hone in on the diagnosis. While there are many, we have compiled a list
of the key ones for pain physicians (see Table 4.3) [97-100].

Tests to identify functional behaviors can also be employed. Waddell signs are a
series of 8 tests developed by Gordon Waddell in 1980 as a method to identify
patients with low back pain who were likely to experience a poor surgical outcome
after surgery. The signs were used by other clinicians to detect psychogenic, some-
times inappropriately labeled “non-organic,” manifestations of low back pain in
patients and further expanded to identify malingering in patients. Two systematic
reviews [101, 102] to evaluate the evidence concluded that Waddell signs do not
correlate with psychological distress, do not discriminate organic from non-organic
problems, and the underlying pathology may represent an organic issue as well as
fail to demonstrate an association between Waddell signs and secondary gain or
malingering [103]. Furthermore, there is no randomized study that has determined
its sensitivity or specificity for low back pain. As Main and Waddell propose, posi-
tive Waddell signs in a patient offer only a psychological alert that may warrant a
complete psychological evaluation [104].

Psychological Evaluation

Psychological evaluation is a key component of comprehensive management strate-
gies, and advertising it as such can reduce possible feelings of stigma associated
with psychological assessment. The evaluation consists of the clinical interview and
patient-reported outcome measures. The assessment is structured to assess key
domains. Depression and anxiety are the most common mental health conditions
that co-occur with chronic pain. Furthermore, individuals with chronic pain are
more likely to acquire a mood or anxiety disorder as a consequence of having pain
and life changes that pertain to chronic pain, such as sleep impairment, disability,
and social isolation. Additionally, mental health conditions increase the risk of
developing future chronic pain. Thus, this bi-directional relationship makes it
imperative to assess and to continue to assess the psychological state of the patient.
Psychological assessment in pain medicine is also critically important for under-
standing underlying mood disorders, adverse childhood experiences, expectations
of therapy, and ongoing life stressors. The roles of depression and anxiety in the
experience of pain have long been established, and it is understood that they can
contribute to and worsen the overall experience of pain. These psychological
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Table 4.3 Provocative Maneuvers Except when noted, pain evoked by the maneuver is indicative
of a positive test

Joint
Cervical

Cervical

Shoulder

Shoulder

Shoulder

Shoulder

Test
Distraction

Spurling test

Empty can sign

Lift off test

Appley scratch
test

Indication

Cervical radiculopathy
Symptoms with gentle
traction are considered
positive.

Cervical radiculopathy

Supraspinatus
tendinopathy/tear

Infraspinatus/teres minor
examination

Assessment of the
subscapularis function

Acromioclavicular joint

Specificity
and
sensitivity
Sensitivity
44%
Specificity
90% [82]

Sensitivity
92%
Specificity
95% [83]

Sensitivity
88%
Specificity
62% [84]

Sensitivity
22%
Specificity
94% [84]

Sensitivity
83.7%
specificity
71.4% [85]

Technique

With the patient in supine,
the examiner stands at the
head and places hands at
the patient’s mastoid
processes and pulls the
head gently towards the
examiner’s torso.

The examiner assists the
patient in gently
extending and rotating the
cervical spine, resulting
in narrowing of the
cervical neural foramina.
The patient attempts to
elevate the arms against
resistance while the
elbows are extended, the
arms are abducted and the
thumbs are pointing
downward.

The patient attempts to
externally rotate the arms
against resistance while
the arms are at the sides
and the elbows are flexed
to 90°

The patient rests the
dorsum of the hand on the
back in the lumbar area.
Inability to move the hand
off the back by further
internal rotation of the
arm suggests injury to the
subscapularis muscle.
Touch superior and
inferior aspect of opposite
scapula

(continued)
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Table 4.3 (continued)

Joint Test
Shoulder Neer test

Shoulder Hawkins
Maneuver

Shoulder Drop arm

Shoulder Yergason test

Shoulder Clunk sign

Indication

Subacromial
impingement

Supraspinatus tendon
impingement

Rotator cuff tear

Biceps tendonitis

Labral disorder

Specificity
and
sensitivity
Sensitivity
2%
Specificity
60% [86]

Sensitivity
79%
Specificity
59% [86]

Sensitivity
73%
Specificity
77% [87]

Sensitivity
43%
Specificity
79% [88]

Sensitivity
44%
Specificity
68% [89]

Technique

Stabilize the patient’s
scapula with one hand,
while passively flexing
the arm while it is
internally rotated. Pain in
the testing position is
positive.

The examiner forcefully
moves the patient’s
shoulder into internal
rotation or to the end of
range of motion or until
reports of pain. Pain
reported in the
superolateral shoulder in
testing is considered
positive.

Stand behind the seated
patient and while
supporting the arm at the
elbow, passively abduct
the patient’s arm to 90°
and full external rotation.
Then release the elbow
support and ask patient to
slowly lower the arm to
neutral. Sudden dropping
of the arm or weakness in
maintaining position is
considered positive.
Elbow fixed to 90°
degrees with forearm
pronated. Ask patient to
perform supination while
palpating the bicipital
groove. Pain or
tenderness in biceps
tendon is positive.

With patient in supine,
and elbow fixed to 90°,
provider stabilizes back
of shoulder joint and
externally rotates
shoulder. The feeling of a
“clunk” at the
glenohumeral joint and
patient discomfort is
positive.

(continued)
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Table 4.3 (continued)

Joint
Elbow

Elbow

Elbow

Elbow

Elbow

Test
Cozen test

Specificity

and
Indication sensitivity
Lateral epicondylitis

Medial epicondylitis:
Tennis elbow

Pronator Teres
syndrome: Median nerve
entrapment distal to the
elbow

Biceps tendinosis

Ulnar nerve entrapment

Technique

The patient resists
supination or wrist
dorsiflexion with the arm
in full extension. Pain is
typically located just
distal to the lateral
epicondyle over the
extensor tendon mass.
On palpation, pain is
present from the tip of the
medial epicondyle to the
pronator teres and flexor
carpi radialis muscles.
Pain is increased with
wrist flexion and forearm
supination performed
under resistance.
Hypertrophied pronator
muscle distal to the
antecubital fossa, often
with a positive Tinel’s
sign.

Anterior elbow pain in a
patient who has engaged
in activities involving
repetitive elbow flexion
and forearm supination
leading to tenderness of
the distal biceps tendon
that increases with
resisted flexion and
supination.

Tenderness or a positive
Tinel sign is present over
the ulnar nerve within the
groove of the medial
epicondyle. Other
possible physical findings
include hypothenar
atrophy and index pinch
weakness.

(continued)
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Table 4.3 (continued)

Joint
Elbow

Elbow

Hip

Hip

Test

FABER test
(flexion,
abduction,
external
rotation): also
called
PATRICK
TEST

FADIR test
(flexion,
adduction,
internal
rotation): also
called
impingement
test

Indication
Radial tunnel syndrome

Olecranon impingement

Pathologies at the hip,
lumbar and sacroiliac
region.

Specificity
and
sensitivity

Sensitivity
48%
Specificity
99% [90]

Sensitivity
96.5%
Specificity
7% [91]

Technique

Compression of the deep
branch of the radial nerve
at the radial tunnel causes
pain that radiates into the
dorsal forearm. The pain
increases with activities
involving repetitive
pronation and supination.
Night pain may be
present.

Clicking or locking of the
elbow with terminal
extension. The elbow pain
worsens with extension.
Patient is supine and
placed in a figure-4
position with hip flexed
and abducted with the
lateral ankle resting on
the contralateral thigh
proximal to the knee. The
provider stabilizes the
opposite side of the pelvis
at the anterior superior
iliac spine, an external
rotation, abduction, and
posterior force is then
lightly applied to the
ipsilateral knee until the
end range of motion is
achieved. A positive test
reproduces the patient’s
pain or limits their range
of movement.

Patient is supine with
affected hip fully flexed
or 90° flexed. Adduct the
hip with combined
internal rotation of the
hip. A positive test is
production of pain in the
groin.

(continued)



76

A. Aggarwal et al.

Table 4.3 (continued)

Specificity
and
Joint Test Indication sensitivity
Hip Log roll passive Pathology within the
supine joint
rotation): also
called Freiberg
test
Hip Ober test Passive adduction to
determine tightness in
tensor fascia Lata and
Iliotibial band
Knee McMurray test  Assess medial meniscus ~ Sensitivity
79.7%
Specificity
78.5% [85]
Knee Lachman test Assess anterior cruciate  Sensitivity
(anterior drawer ligament 77.7%
test) Specificity
95% [92]

Technique

With the patient in a
supine position, place one
hand over the mid-thigh
and passively externally
and internally rotate the
hip to the ends of its
range of motion. Compare
the range of motion on
both sides.

The patient is side-lying
affected hip side up.
Examiner stands behind
patient and firmly
stabilize the pelvis/greater
trochanter to prevent
movement in any. Knee is
bent at 90, examiner hold
distal leg and extends and
abduct the hip joint. Then
the leg is slowly lowered
and hip adducted until
motion is restricted.
Patient is supine grasp the
patient’s heel with one
hand and the joint line of
the knee with the other
hand. The knee is flexed
maximally, with external
tibial rotation (medial
meniscus) or internal
tibial rotation (lateral
meniscus). The knee is
brought to full extension
while maintaining
rotation. A positive test
produces a pop or click.
The patient is supine with
knee flexed to 30°
degrees. The physician
stabilizes the distal femur
with one hand, grasps the
proximal tibia in the other
hand, and then attempts to
sublux the tibia anteriorly.
ACL damage will show
forward translation
without firm end point.

(continued)
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Table 4.3 (continued)

Joint
Knee

Knee

Knee

Knee

Lumbar

Test
Posterior
drawer test

Valgus test

Varus test

Noble test

Straight leg
raise

Indication

Assess posterior cruciate
ligament

Assess medial collateral
ligament

Assess lateral collateral
ligament

Assess iliotibial band
tendonitis

Lumbar disc herniation

Specificity
and
sensitivity
Sensitivity
90%
Specificity
99%

Unknown

Sensitivity
83%
specificity
36% [93]

Technique

Patient is supine with
flexion of hip and knees
to 90°, feet flat on the
table. Apply an anterior-
posterior directed force
through the proximal
tibia. Note the degree of
backward movement in
the femur.

Place one hand at the
lateral aspect of the knee
joint and the other hand at
the medial aspect of the
distal tibia. Next, valgus
stress is applied to the
knee at both zero degrees
(full extension) and 30°
degrees of flexion.

Place one hand at the
medial aspect of the
patient’s knee and the
other hand at the lateral
aspect of the distal fibula.
Next, varus stress is
applied to the knee, first
at full extension (i.e., zero
degrees), then with the
knee flexed to 30°.
Patient is supine, place a
thumb over the lateral
femoral epicondyle as the
patient repeatedly flexes
and extends the knee.
Pain symptoms are most
prominent with the knee
at 30° of flexion.
Patient’s legs are raised
while remaining straight
in supine position to test
for provocation of pain.

(continued)
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Table 4.3 (continued)
Specificity
and
Joint Test Indication sensitivity ~ Technique
Lumbar Slumped seat Neural tension test to test Sensitivity ~ The patient is in sitting
test neural hypersensitivity 84% position and the examiner
Specificity  assist patients in
83% [94] successive motions—first
to slump the thoracic and
lumbar spine, then to flex
the neck, and then extend
the knee as much as
possible.
Lumbar Kerning test Test for meningeal The elicitation of pain or
irritation resistance with extension
of the knee past 135°
degrees.

Lumbar Kemp test or Pain on the ipsilateral Sensitivity  Patient is either sitting or
facet loading side in the back or above 50-70% standing. The examiner
maneuver the knee is generally [95] often braces the patient at

indicative of a facet Lyleetal. the ilium and then guides

etiology, with pain going Specificity the patient into lumbar

below the knee indicating 67.3% [96] flexion, rotation lateral

possible nerve root flexion, and lastly

irritation extension; axial force can
be added at any time.

SIjoint FABER Sacroiliac dysfunction Flexion, abduction, and

external rotation of the
contralateral hip; if pain
is felt in the contralateral
SI joint, the test is
considered positive.

SIjoint  Gaenslen test May indicate SI joint With the patient in supine

pain, hip pathology,
pubic symphysis
instability, or L4 nerve
root irritation.

position, the painful leg is
resting on the edge of the
table; the examiner assists
in sagittal flexing the
asymptomatic leg while
the knee is flexed. The
examiner stabilizes the
pelvis and applies passive
pressure to the leg being
tested to hold it in a
hyperextended position
with downward force
applied to the lower leg.

(continued)
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Table 4.3 (continued)

Specificity
and
Joint Test Indication sensitivity ~ Technique
SIjoint Fortin finger In either sitting or
test standing, the patient is

asked to identify with one
finger the area of pain.
Positive is pointing to the
within 1 cm inferomedial
to the PSIS at 2 distinct
times

variables—in conjunction with adverse childhood experiences, socioeconomic and
cultural factors, situational stressors, substance use patterns, and other contextual
dynamics—also have the potential to impact response to treatment and are thus
critical to assess [105, 106].

Additionally, PTSD continues to be a significant factor in the maintenance and
development of chronic pain. Pain at the time of a trauma is related to PTSD symp-
toms in both adults and children. Elevated pain in the days and weeks after a trau-
matic injury was associated with greater posttraumatic stress symptoms at 6 months.
Similarly, pain intensity at hospital discharge was significantly correlated with
depressive and PTSD symptoms one year after a traumatic injury [106]. Research
has well established the role of emotional distress in the pain experience, and
research in the last three decades has shown that adverse childhood experiences
(ACEs), defined as potentially traumatic events, are associated with higher rates of
pain in adulthood, and adults with chronic pain are much more likely to report
ACEs, even suggesting a cumulative effect. Research is looking into mechanisms,
treatment options, and differentiating between types of ACEs and their impact on
chronic pain. Given this, obtaining a history of ACEs should be considered part of
the pain evaluation.

A psychiatric history should seek out previous diagnoses and treatment
courses for said diagnosis. It should also inquire about the family history of
psychopathology.

There are numerous surveying instruments used to assess patients. The tests that
are typically used to assess these domains are listed in Table 4.4. There are several
caveats to this, namely that the NIH has developed a standardized tool for assessing
many of these measures. Known as PROMIS, these computer adaptive tests seek to
minimize patient burden and are standardized to normative data with the goal of
providing clinicians and researchers standardized tools and seek to replace the con-
fusing multitude of tests that are currently used [107].

A large part of the evaluation is spent understanding the patient’s coping style,
meaning the behavioral and cognitive techniques to manage physical/emo-
tional stress.
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Table 4.4 Tests for the psychological examination

Psychological state Test
Depression Beck depression inventory

Patient health questionnaire (PHQ-9)
Anxiety/fear Generalized anxiety disorder scale

State trait anxiety inventory
Fear avoidance beliefs questionnaire

Post traumatic stress disorder PTSD checklist for DSM-5 (PCL-5)
Sleep Insomnia severity index
Pittsburgh sleep quality index
Catastrophizing Pain catastrophizing scale (PCS) (13 items)
Coping Coping strategies questionnaire (6 items)
Chronic pain coping inventory
Avoidance/Kinesiophobia Tampa scale
Fear avoidance beliefs questionnaire
Multidimensional Multidimensional pain inventory (MPI) 56
items
Disability and pain related behaviors Brief pain inventory

Pain disability index
Chronic disability index
Oswestry low back disability questionnaire

. Cognitive vs. behavioral

. Active vs. passive coping

. Problem focused vs. emotion focused
. Avoidant/attentional

. Adaptive vs. maladaptive

W AW =

The provider will also seek to understand more fully the role of family and sup-
port groups in the patient’s pain experience. Solicitous responses—associated with
higher levels of reported pain, disability, pain behaviors, and negatively associated
with pain acceptance. Punitive responses are often associated with poorer outcomes.
Positive reinforcement/confidence—facilitative response to good behavior is asso-
ciated with lower levels of pain behavior [106].

Assessment of Substance Use

The National Institute of Health (NIDA) modified ASSIST (NM-ASSIST) to is an
enhancement of the World Health Organization (WHO) Alcohol, Smoking, and
Substance Involvement Screening Test (ASSIST) Version (V) 3.0 for identifying
substance use disorders. This tool guides clinicians through a series of questions to
identify risky substance use in their adult patients. The accompanying resources
assist clinicians in providing patient feedback and arranging for specialty care,
where necessary, using the 5 As of intervention (ask, advise, assess, assist, and
arrange) [108].
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For adolescents, the Screening to Brief Intervention Tool is recommended to
help understand risk as well as potential for interventions. This screening tool con-
sists of frequency of use questions to categorize substance use by adolescent patients
into different risk categories. The accompanying resources assist clinicians in pro-
viding patient feedback and resources for follow-up [109].

Opioid Risk of Abuse Assessment

For predicting prescription opioid misuse in chronic pain patients, the pain medica-
tion questionnaire (PMQ) and the screener and opioid assessment for patients with
pain (SOAPP) have the best evidence according to a systematic review looking at all
validated measurements [110]. The current opioid misuse measure (COMM) per-
formed best screening for current misuse, developed and validated in three studies
of acceptable quality [110]. Other screening tools include ORT, mORT, TAPS,
SISAP, and DIRE. Features shared amongst various opioid assessment and risk pre-
diction tools, and amongst state and national guidelines, include an assessment of
an individual and family history of substance use disorder, history of comorbid
psychiatric disease, and history of physical, emotional, or sexual abuse.

Appropriate tools to use when considering initiation of opioid therapy include
the Opioid Risk Tool (ORT), the Brief Pain Questionnaire (BPQ) and the Pain
Medication Questionnaire, which predicts the risk of future misuse. For ongoing
monitoring COMM is frequently used.

Disability Assessment

Chronic pain is responsible for disability, inability to work, and need for long-term
medical treatment. Pain specialists require an understanding of disability terminol-
ogy to provide objective ongoing or independent assessment of pain patients with
disabilities and impairments.

A variety of assessments have been developed to assess a patient’s functional
status. Referred to as a functional capacity evaluation (FCE), these assessments are
a comprehensive and objective measurement of a patient’s work ability [2]. The
effect on a patient’s ability to perform purposeful tasks is the focus of functional
and/or work capacity evaluation (FCE/WCE) [111]. These evaluations are typically
performed by a physical therapist or occupational therapist.

An independent medical evaluation (IME) is a comprehensive assessment of a
patient performed by a trained physician who does not provide medical care and
does not initiate a therapeutic relationship with the person undergoing the evalua-
tion. An IME objectively assesses the impact of an injury and subsequent disability
on the patients’ ability to function in a variety of domains, including self-care, work
duty, and leisure or recreational activity [112].
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Studies in Pain Medicine

In addition to a thorough history and physical examination, a variety of imaging and
diagnostic tools are available in the workup and treatment of painful conditions.
Common imaging modalities include x-rays, magnetic resonance imaging (MRI),
and computed tomography (CT). These are used to investigate spinal pain, espe-
cially in the contest of spondylosis or suspected radiculitis. Increasingly, ultrasound
is also used to examine large joints to evaluate for effusion, vascularization, and
ligamentous or tendinous injury. High-resolution ultrasound can also be used to
evaluate peripheral neurosonology and can aid in the diagnosis of nerve entrapment,
swelling, or even neuroma formation. In some cases, more specialized imaging may
be utilized, including single photon emission computed tomography (SPECT) or
triple-phase bone scans to evaluate low back pain or complex-regional pain syn-
drome patients, respectively. Nerve conduction studies are another diagnostic tool
that can be very useful for the pain practitioner. They can identify the anatomic site
of injury, the type of neurons or fibers involved, and the severity of the injury.

Imaging Studies in Pain

X-ray/radiographs: X-rays record differential attenuation of the x-ray beam by tis-
sues based on their differential densities. In pain medicine, x-rays are used as a
diagnostic tool for workup but also in the procedure space for procedural inven-
tion. Often underutilized, X-ray should be considered as an initial imaging
modality in many pain conditions due to the wide availability and
cost-effectiveness.

Common pain applications: assessing for scoliosis, facet arthritis, spinal instability
secondary to spondylolisthesis, vertebral compression fractures, and hardware
failure.

Computed Tomography (CT): As with conventional radiographs, CT imaging is
based on differential attenuation of x-ray beams but can differentiate not only
bone from soft tissue but also between different densities of bone and soft tissue
structures. Although CT can be very useful in the evaluation of the pain patient,
careful consideration should be given to the increased radiation exposure.
Quantitative CT of the lumbar spine exposed a patient to an estimated effective
dose of about 0.1 mSv with an estimated cancer risk of 1 in 200,000 compared to
a typical chest radiograph estimated effective dose of 0.02 mSv, which gives a
relative risk of causing cancer of about 1 in 1,000,000 [113].

Common pain applications: evaluation of the spine, brain, or extremities when MRI
is contraindicated (implantable devices, claustrophobia, inability of patient to lie
supine for prolonged period of time), assessment of spinal canal and neural
foramina for stenosis or compression, rule out acute or red flag conditions includ-
ing bleeding, infection, or mass (contrast frequently given in these situations.

Ultrasound: An ultrasound probe contains piezoelectric crystals that vibrate in
response to an applied electric current. These sound waves create alternating
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areas of compression and rarefaction when propagating through body tissues.
The ultrasound waves penetrate body tissues, each having a different acoustic
impedance. Some sound waves are reflected back to the transducer (which are
processed to generate an image), and some continue to penetrate deeper.
Advantages of ultrasound include live, dynamic assessment of joints, muscle,
tendon, blood vessels, and nerve with no exposure to ionizing radiation.

Common pain applications: assessment of large joints for effusion, tendinopathy, or
ligamentous injury; visualization of vascularity in relation to potential interven-
tional targets; evaluation of peripheral nerves for compression, swelling, or
neuroma.

Magnetic Resonance Imaging (MRI): Uses magnetic fields and radiofrequency (RF)
to generate a 3D image. Electricity passed through the magnet creates a perma-
nent magnetic field whose strength is measured in tesla (T)—typically 1.5 to
3 T. MR provides good soft tissue definition and precise definition of extra-dural,
intradural, extramedullary, and intramedullary pathology. Pulse sequences com-
monly used in MRI of the spine include sagittal and axial T1 and T2-weighted
sequences as well as short tau inversion recovery (STIR) sequences [114].

§ T1 (longitudinal plane relaxation time)—weighted toward fat—excellent for
imaging fat, blood, or proteinaceous fluid.

§ T2 (transverse plane relaxation time)—weighted towards water (bright on T2)—
useful for contrasting normal and abnormal anatomy (most acute processes are
hyperintense and associated with increased water content).

§ STIR—this sequence can increase conspicuity of osseous and ligamentous lesions,
including compression fractures.

§ MR Neurography—enhanced MR visualization of the peripheral nerve and
pathology by encompassing a combination of two-dimensional, three-
dimensional, and diffusion imaging pulse sequences [115].

Common pain applications: Spinal, brain, and joint imaging. Evaluation of soft tis-
sue structures, including muscle, tendon, and nerve.

fMRI—functional MRI—exploits the fact that an increase in blood flow is associ-
ated with neural activity in the brain. This results in a local reduction in deoxy-
hemoglobin (it is paramagnetic and alters T2 images) and functions as an
endogenous contrast-enhancing agent for fMRI. In clinical settings, fMRI has
been used to monitor disease progression and also to map the brain language
centers for surgical planning for tumor resection; it is used primarily as a research
tool [116].

Magnetic Resonance Spectroscopy (MRS)—is a measurement of brain chemis-
try used to monitor serial biochemical signals in patients with tumors, stroke, epi-
lepsy, metabolic disorders, infections, and neurodegenerative diseases [116].

Positron Emission Tomography (PET)—A positron emission tomography scan is
a nuclear medicine technique that utilizes a radioisotope tracer with the primary
goal of examining the biochemical or metabolic function of your tissues or organs.
While PET has lower resolution than fMRI, it is considered more hazardous.
Clinically used in oncology, in pain limited to research, though there is interest in
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clinical use for inflammatory pathology (i.e., Baastrup’s disease—close approxima-
tion of spinous processes results in inflammation of interspinous ligament and
bursa) [117].

Non-imaging Modalities in Pain

Electroencephalogram (EEG)—EEG is recorded at the scalp by electrodes with
direct contact with skin. The recordings show alpha, beta, delta, and theta waves,
which are used most commonly to detect consciousness, seizures, and sleep [117].

Magnetoencephalography (MEG)—records magnetic activity of the brain by using
an array of SQUIDs (super quantum induction devices) placed above the head. It
carries the advantage of not needing to apply electrodes to the brain, but it is not
very sensitive to brain currents, typically used for epilepsy and cortical map-
ping [117].

Electromyography (EMG)—is a recording of electrical activities generated by
depolarization of muscle cells in an attempt to assess size, morphology, and fir-
ing characteristics of the electrical signal within skeletal muscles at rest and dur-
ing contraction. At rest the muscle cell membrane is silent except at the
neuromuscular junction where ACh vesicles are released spontaneously, causing
endplate potentials. After inserting the needle into a resting muscle, a brief burst
of electrical discharge from mechanical irritation occurs. This is known as inser-
tional activity and can be pathologic in myopathic processes. The most common
abnormal spontaneous activity: fibrillation and positive sharp waves. When a
muscle is minimally contracted, muscle fiber action potentials (MFAPs) that
belong to a single motor unit can be recorded with a needle. As strength of con-
traction is increased, motor units are recruited in sequence. The summated elec-
trical signal is the motor unit potential (MUP), which helps differentiate
neurogenic disease from myopathic in that the high amplitude, long duration,
and greater number of phases are reflective of the remodeling of surviving motor
units following the loss of a certain amount of motor neurons in neurogenic dis-
ease as opposed to the low amplitude, short duration MUP seen in myopathic
disease. Motor response is composed of multiple muscle fiber action potentials—
compound muscle action potential (CMAP). Amplitude is proportional to the
number of motor axons stimulated. Latency represents three processes—(1) the
nerve conduction time from stimulus to neuromuscular junction (2) time delay
across the NMJ (3) depolarization time across muscle. Prolonged terminal
latency—detect distal entrapment neuropathies or NMJ disorder. Motor nerve
conduction velocity represents the distance/difference between terminal laten-
cies—F response (or waves) or H reflexes are 2 types of late potentials that assess
conduction in the more proximal segments (such as a plexus or roots). These
provide info regarding radiculopathies, polyneuropathies, plexopathies, and
proximal mononeuropathies Sensory nerve action potential (SNAP) is obtained
by supramaximal electrical stimulation of sensory fibers and recording the nerve
action potential a certain distance further along the same nerve [118].
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Nerve conduction studies evaluate large myelinated nerves (sensory/motor) for
speed of conduction and amplitude. This helps us determine fiber type specificity. In
nerve conduction studies, one employs electrical stimulation proximal to the sus-
pected lesion and with recording of electrical activity distal—allowing one to evalu-
ate any event between the stimulator point and recording point. Nerve conductions
studies are used for suspected diseases of peripheral nervous system and used to
detect focal nerve damage to myelin (i.e., entrapment neuropathies) [118].

Peripheral Neuropathy

Axonal: If an injury occurs at the cell body or axon, axonal degeneration occurs,
resulting in low-amplitude CMAPs/SNAPs throughout the nerve being studied.

Demyelinating: If an injury is directed against the myelin, demyelination ensues,
resulting in slowed conduction velocity and prolonged latencies. Conduction
blocks and temporal dispersions are also seen.

Quantitative Sensory Testing (QST)—formalized, standardized clinical sensitivity
test using calibrated stimuli. This type of testing allows for detection of sensory
positive and negative symptoms (hyperalgesia vs. hypoesthesia). Most often
used for research studies, it is useful in neuropathic pain (polyneuropathies and
small fiber neuropathies (cannot localize a lesion though) [119].

Somatosensory Evoked Potentials (SSEP)—SSEPs are produced by activation of
large peripheral nerve fibers by mechanical or electrical stimuli. Following either
mixed nerve or sensory nerve stimulation, SSEPs are recorded over proximal
portions of peripheral/CNS and can help identify impaired conduction caused by
axonal loss (reduced amplitude, loss) or demyelination (prolonged or absent
wave form) and are often used for intraoperative monitoring during spinal proce-
dures [120].

Laser Evoked Potentials (LEPs)—LEPs are specialized infrared lasers used to stim-
ulate thermal nociceptors in the skin. They are used to monitor cortical responses
and are similar to audio or visual evoked potentials, but these do not measure
pain. Pain pathways can be studied using LEPs. There are 2 different lasers avail-
able—CO2 and solid-state lasers (these penetrate deeper into skin with shorter
wavelengths—reduce skin burns but vary penetration based on pigmentation).
The patient may feel pricking and burning sensations due to laser activation of
A-delta and C fibers [120].

Skin Punch Biopsy—Sural nerve biopsy has been used for histopathological diagno-
sis of peripheral neuropathies, but it is invasive and carries the risk of permanent
nerve damage. Skin biopsy is a safer and inexpensive technique for the evalua-
tion of small nerve fibers. Decreased nerve-fiber density is typically found in
peripheral neuropathies. Innervation density is measured by intraepidermal
nerve fiber density measurement via microscopy. Can quantify the disease sever-
ity in small-fiber neuropathy and monitor disease progression. Skin site heals
within a week and can be performed multiple times. Note, you need to compare
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epidermal nerve fiber density to controls based on age, gender, and location of
biopsy [121].

Autonomic testing—used in the evaluation of small fiber sensory neuropathy, auto-

nomic neuropathy, or autonomic dysregulation. The composite autonomic scor-
ing scale (CASS), which includes measurements of orthostatic blood pressure,
the quantitative sudomotor axon reflex test, heart rate response to tilt, heart rate
variability with deep breathing, and changes in blood pressure with the Valsalva
maneuver, appears to provide a useful measure of autonomic function and can
help support a diagnosis of small fiber sensory neuropathy The evaluation of
intraepidermal sweat glands is a viable technique to evaluate sudomotor func-
tion [122].
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Abbreviations

AAPM  American Academy of Pain Medicine

ASRA American Society of Regional Anesthesia and Pain Medicine
CAA Controlled Substances Act

CBD Cannabidiol

CBT Cognitive-behavioral therapy
COMM  Current Opioid Misuse Measure
CYP Cytochrome P450

DEA Drug Enforcement Administration
DEI Diversity, equity, and inclusion
EMG Electromyography

FDA Food and Drug Administration
GABA Gamma-aminobutyric acid

GMI Graded motor imagery

LILT Low-intensity laser therapy

LLLT Low-level laser therapy

MAOIs  Monoamine oxidase inhibitors

MME Morphine milligram equivalent

MS Multiple sclerosis

NCCIH  National Center for Complementary and Integrative Health
NMSK  Non-musculoskeletal

NSAIDs Nonsteroidal anti-inflammatory drugs

ouD Opioid use disorder

PAIN Pain management (general use)

PNE Pain neuroscience education

PRP Platelet-rich plasma

PT Physical therapy

PUFAs Polyunsaturated fatty acids

S/L Sublingual

SSRIs Selective serotonin reuptake inhibitors
SUDs Substance use disorders

TCAs Tricyclic antidepressants

TEA Trigger point dry needling

TENS Transcutaneous electrical nerve stimulation
THC Delta-9-tetrahydrocannabinol

VNS Vagus nerve stimulation
Introduction

Non-procedural interventions for chronic pain are an integral part of multimodal
treatment plans. These interventions encompass modalities that address pain with-
out resorting to injections or surgery, incorporating both pharmacologic and
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non-pharmacologic management strategies. Pharmacologic therapies encompass a
variety of drug classes, including nonsteroidal anti-inflammatory drugs (NSAIDs),
acetaminophen, opioids, antidepressants, anticonvulsants, corticosteroids, muscle
relaxants, benzodiazepines, topical agents, and cannabinoids. On the other hand,
non-pharmacologic therapies embrace complementary and integrative health
approaches, physical therapy, rehabilitation therapies, and psychosocial treatments.
This section aims to provide an overview of these treatment options.

Introduction to the Biopsychosocial Pain Model

Traditionally, pharmacologic and procedural methods have dominated pain man-
agement paradigms, guided by a mind-body dualistic approach; however, the bio-
psychosocial model, introduced by Engel in 1977, revolutionized our understanding
and treatment of pain [1]. This model proposes an integrated perspective that
encompasses biological, psychological, and interpersonal/social dimensions.
Recognizing the contextual factors surrounding medical conditions or illnesses is
crucial, particularly in the realm of chronic pain [2]. The biological component
pertains to the physical body, genetics, tissue damage, infection, and physical stress-
ors. The psychological component encompasses cognitions, emotional responses,
and behavioral patterns. Lastly, the interpersonal/social component delves into fac-
tors such as background, demographics, family dynamics, economic status, living
conditions, and social interactions.

Integration of these components into treatment often leads to improved out-
comes and enhanced quality of life. However, several barriers hinder the com-
prehensive adoption of the biopsychosocial approach, spanning three factorial
levels [3]. Micro-level factors involve healthcare providers’ attributes, knowl-
edge base, misconceptions regarding clinical practice guidelines, perceptions of
time constraints, and attitudes toward patient factors. Meso-level factors encom-
pass the formulation of clinical practice guidelines, community dynamics, fund-
ing models, healthcare provision, resource allocation, and workforce training.
Macro-level factors encompass health policy, organizational structures, and
societal influences. Failure to address these barriers results in inadequate and
unimodal pain treatment, posing a national challenge necessitating cultural
transformation [4].

The incorporation of all facets of the biopsychosocial model in pain assessment
and treatment is advocated as an ethical imperative and social responsibility [5]. A
comprehensive diagnostic evaluation entails a clinical interview, physical examina-
tion, mental health and substance abuse screening, and diagnostic tests. Furthermore,
a proposed treatment regimen based on the biopsychosocial paradigm includes psy-
chological therapies (such as cognitive-behavioral therapy and acceptance and com-
mitment therapy), pharmacotherapy, graded exercise or physical therapy, nutritional
counseling, and social support [6]. Delivering cost-effective services with ade-
quately trained healthcare providers specializing in pain management ultimately
enhances patients’ quality of life for those experiencing chronic pain. Achieving
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this necessitates ensuring access to services, educating providers, and acknowledg-
ing the heterogeneity of pain [7].

Yet, clinicians must now contextualize the biopsychosocial model within the
realms of the opioid crisis and the COVID-19 pandemic. These dual challenges
have reshaped the landscape of evaluating and treating both chronic and acute pain,
exposing aspects of the biopsychosocial model that require careful consideration to
optimize patient care.

In 2017, the US Department of Health and Human Services declared the opioid
crisis a public health emergency [8]. According to the National Safety Council,
opioid overdoses surpassed fatalities from car crashes, becoming the leading cause
of unintentional deaths in the USA by 2018 [9, 10]. The National Institute on Drug
Abuse reported approximately 92,000 deaths in the USA attributed to illicit and
prescription opioids in 2020, with a further increase in deaths reported between
December 2020 and December 2021 [10, 11]. Deaths associated with prescription
opioids predominantly involve fentanyl and its analogs, with methamphetamine and
cocaine combinations exacerbating the crisis [8, 11].

The opioid epidemic underscores the significance of addressing all compo-
nents of the biopsychosocial model [8]. Failure to address psychosocial factors
alongside medical issues contributes to ineffective patient care and exacerbates
the crisis. Before integrating opioids into multifaceted treatment plans, prescrib-
ing providers must assess patients’ ability to responsibly manage these medica-
tions, adhere to prescribed regimens, mitigate diversion risks, and ensure secure
storage, particularly in environments with concerns about family members or
environmental factors [10].

As the opioid crisis persists, the emergence of the COVID-19 virus further com-
plicates the landscape of pain management. The pandemic disrupted access to medi-
cal care and support systems with social distancing and other mitigating practices,
depriving high-risk individuals of essential treatments and interventions, such as
12-step meetings, routine medical and mental health appointments, and access to
methadone or suboxone clinics [12]. Social distancing measures also led to increased
instances of solitary drug use, reducing the availability of lifesaving naloxone for
overdose situations. Healthcare providers were compelled to innovate and find alter-
native means of connecting with patients. The expansion of telehealth services,
facilitated by relaxed regulations from insurance companies and government enti-
ties, proved to be beneficial and lifesaving. However, these challenges brought to
light disparities in healthcare delivery that demand urgent attention.

While disparities in gender, race, ethnicity, cultural background, financial status,
and access to pain management have long been documented, the convergence of the
COVID-19 pandemic and the opioid crisis has reached a critical juncture. Disparities
include undertreatment of pain among Black, Indigenous, and People of Color
(BIPOC) patients, limited access to analgesic medications, including opioids, and
inadequate diagnostic evaluations [13].

It is imperative for pain management providers to tailor recommendations to
ensure accessibility for all patients. Considerations should include access to tele-
health resources, transportation for physical therapy or clinic visits, pharmacy
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accessibility, participation in support groups, childcare arrangements, work com-
mitments, and adequacy of health insurance coverage [13].

Healthcare professionals who use this model can improve the effectiveness of
diagnosis and treatment [14]. Similarly, effective communication between the
patient and the healthcare clinician can result in increased patient satisfaction and
decreased conflicts [15].

Pharmacological Treatments

Chronic pain is multifactorial, and often associated with concurrent conditions such
as depression, anxiety, mood disorders, and sleep disturbances. Treatment typically
targets the underlying mechanism, whether neuropathic, nociceptive, or a combina-
tion thereof, yet is often influenced more by tradition and personal experience [16].
Pharmacotherapy remains a cornerstone in managing moderate to severe pain,
offering potential benefits alongside risks and costs. However, effective treatment
poses challenges due to barriers such as physician and patient misconceptions,
development of drug tolerance, uncertain efficacy, and unfavorable side effects.
Notably, there exists a significant disparity between the treatment goals perceived
by physicians and those desired by patients. While physicians prioritize functional-
ity improvement, enhanced quality of life, and avoidance of long-term opioid ther-
apy, patients often seek symptom relief [17].

The principle underlying pharmacologic treatment is multifaceted, aiming to
reduce sensitization, mitigate pain amplification, and restore normal pain thresholds
[16]. Current treatment strategies increasingly favor multimodal and nonopioid
therapies. Pharmacologic agents used in chronic pain management can be catego-
rized into opioids, nonopioids, and adjuvants, the latter referring to medications
with synergistic actions alongside other analgesics. Often, integrating one or more
drug classes is necessary to manage moderate to severe pain effectively.
Complementary and synergistic effects among drugs can provide sufficient pain
relief with minimized adverse reactions.

Nonopioids

NSAIDs

Nonsteroidal anti-inflammatory drugs (NSAIDs) stand as the most widely used pain
medications globally. Typically employed for mild to moderate pain accompanied
by inflammation and swelling [18], NSAIDs serve as the first-line agents for condi-
tions such as arthritis, muscle sprains, back and neck injuries, and menstrual cramps.
NSAIDs exhibit three pharmacologic effects: anti-inflammatory, analgesic, and
antipyretic. Their primary mechanism of action involves inhibiting prostaglandin
synthesis via cyclooxygenase (COX) inhibition. While NSAIDs blocking Cox-1
enzymes may cause gastric upset and bleeding, Cox-2 inhibitors (e.g., celecoxib)
act selectively on Cox-2 enzymes, offering gastric mucosal lining protection.
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Various NSAIDs possess distinct molecular structures and chemical properties; for
instance, diclofenac is a benzene acetic derivative, while ibuprofen and naproxen
are propionic acid derivatives, celecoxib, and valdecoxib have a sulfonamide group,
and etoricoxib and rofecoxib have a sulfonyl group [19]. Chronic NSAID use may
lead to gastrointestinal, cardiovascular, and renal side effects, necessitating limited
duration and dosage. Thromboembolic cardiovascular events associated with Cox-2
inhibitors arise from increased platelet activation and aggregation after selective
blockade of prostacyclin formation, prooxidant activity, and reduction of endothe-
lial factor expression [19]. The direct and indirect effect of NSAIDs in the kidneys
via inhibition of prostaglandin synthesis leading to reduction of glomerular pressure
and afferent arteriolar vasodilation has led to recommendations to avoid long-term
use and avoidance in patients with borderline renal function. Nevertheless, recent
evidence suggests oral NSAIDs can be judiciously used in selected individuals with
chronic kidney disease [20].

Acetaminophen

Acetaminophen possesses both analgesic and antipyretic properties but lacks spe-
cific anti-inflammatory effects compared to NSAIDs. Although its mechanism
remains unclear, acetaminophen likely blocks the Cox-3 enzyme, predominantly
exerting a central nervous system effect on prostaglandin synthesis. Acetaminophen
serves as a first-line option due to its favorable safety profile and cost-effectiveness.
Recommended for mild to moderate musculoskeletal pain, acetaminophen usage
should be capped at less than 3 g/day to avoid asymptomatic elevations in amino-
transferases, with lower limits for frail patients and those who consume alcohol
regularly [21].

Opioids

Opioid analgesics have been widely used in the treatment of severe acute pain
and chronic pain related to cancer or at the end of life; however, their utility in
treating non-cancer pain is always a subject of scrutiny and debate. Most opi-
oids have a direct affinity to mu receptors to exert their analgesic effect. Opioids
can be administered via different routes, including intravenous, intramuscular,
intrathecal, transdermal, or oral. The oral and transdermal routes are the most
common for the treatment of chronic pain. Opioids come in short-acting, long-
acting, and abuse-deterrent formulations. Multiple pain societies comprising
multidisciplinary groups of experts have issued guidelines regarding the toler-
ability, safety, and efficacy of opioids for persistent non-cancer pain [22, 23].
Initial risk assessments should be done before instituting medically directed
opioid therapy with clearly defined goals, weighing potential benefits and risks.
Sedation, gastrointestinal side effects, respiratory depression, hormonal altera-
tions, tolerance, addiction, and opioid-induced hyperalgesia are known poten-
tial risks when used long term. Concurrent use of benzodiazepines and opioids
should be avoided due to increased risk of overdose, respiratory depression, and
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all-cause mortality. Concomitant use with alcohol, sedative-hypnotics, antide-
pressants, and anticonvulsants may potentiate the sedative effects of opioids.
Opioids may also interact with drugs that are either inhibitors or inducers of
CYP enzymes (CYP3A4 and CYP2D6). It is advisable to prescribe naloxone to
all patients receiving opioids, especially high-risk patients (patients with >50
MME and use of benzodiazepines) [22, 24].

Table 5.1 provides an overview of opioids.

Table 5.1 Opioids

Name Mechanism

Tramadol Weak mu opioid
Serotonin and
norepinephrine
reuptake inhibition

Tapentadol Stronger affinity to
mu compared to
tramadol
Noradrenergic
reuptake inhibition
Buprenorphine  Mu-receptor agonist
Kappa-receptor
antagonist

Codeine Mu-opioid agonist

Morphine Primarily Mu-opioid

agonist

Hydromorphone Mu-opioid agonist

Oxycodone Highly selective mu

agonist

Route

Oral
Parenteral

Oral

Oral
Transdermal
Parenteral
Sublingual
Buccal

Oral

Oral
Parenteral

Oral

Rectal
Parenteral
Subcutaneous

Oral

Notes

Synthetic opioid

Second-line agent for fibromyalgia
Uncertain for chronic/neuropathic
pain

In combination with SSRI will
increase the risk of seizure and
serotonin syndrome

Synthetic opioid

FDA indication for painful diabetic
neuropathy

In combination with SSRI will
increase the risk of seizure and
serotonin syndrome

Synthetic opioid

Opioid use disorder

Chronic pain

Less physical dependence, opioid-
induced hyperalgesia, respiratory
depression

Natural opiates

Mild to moderate pain

Reduce chronic cough

Natural opiates

Has short-acting and long-acting
formulations

Moderate to severe pain

Cancer pain

Synthetic opioid

Moderate to severe pain

Cancer pain

Has short and long-acting
formulations (Exalgo)
Semi-synthetic opioid
Short-acting and long-acting
formulation

Available in combination with
paracetamol, aspirin, ibuprofen,
naloxone, and naltrexone
Moderate to severe acute or chronic
pain

(continued)
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Table 5.1 (continued)

Name Mechanism Route Notes
Hydrocodone Selective full mu Oral Semi-synthetic opioid
agonist Short-acting and long-acting

formulation (Hysingla ER)
Available in combination with
paracetamol, aspirin, ibuprofen
Moderate to severe acute or chronic

pain
Fentanyl Binds to mu, delta, Parenteral Synthetic opioids
kappa receptors Transdermal  High lipid solubility, penetrates CNS
Buccal easily
Management of chronic and cancer
pain

When using a transdermal patch,
advise to minimize external heat
sources due to the release of too
much medication

Methadone Mu-receptor agonist ~ Oral Synthetic opioid

NMDA antagonist Parenteral Use of chronic pain, opioid

dependence, OUD
Has alpha metabolism (analgesia)
and beta metabolism (detoxification/
addiction)

SSRI Selective serotonin reuptake inhibitor, FDA Federal Drug Administration, ER Extended
release, CNS Central nervous system, OUD Opioid use disorder [22]

Adjuvants

Adjuvant analgesics, medications primarily indicated for conditions other than pain,
possess analgesic properties and are frequently employed as first-line agents in pain
management. They encompass a diverse array of drugs utilized alone or alongside
nonopioids or opioids to address chronic pain. Adjuvants aim to reduce opioid
requirements, enhance pain relief synergistically, and manage pain inadequately
responsive to other medications [25]. This category includes antidepressants, anti-
convulsants, muscle relaxants, topical agents, and cannabinoids, each originally
designed for distinct therapeutic purposes.

Antidepressants

Although traditionally used for clinical depression, antidepressants serve as adju-
vants in treating neuropathic pain and chronic pain in patients with comorbid anxi-
ety disorders and sleep disturbances. They demonstrate efficacy in conditions such
as painful diabetic neuropathy, spinal cord injury, migraine headaches, and
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fibromyalgia [16]. Antidepressants function at the spinal level by inhibiting the
reuptake of the neurotransmitters, namely, norepinephrine and serotonin. This leads
to an increase in neurotransmitter concentration, which potentiates the inhibitory
pathway in the dorsal horn of the spinal cord and at ectopic sites in the peripheral
nerves by blocking Na channels, thereby producing analgesia. Tricyclic antidepres-
sants (TCAs) like amitriptyline, desipramine, and imipramine, as well as serotonin-
norepinephrine reuptake inhibitors such as duloxetine, venlafaxine, and milnacipran,
have demonstrated efficacy across multiple pain conditions. However, TCAs may
be limited by side effects such as sedation, confusion, and anticholinergic effects
like dry mouth, blurry vision, and urinary retention. Additionally, they pose a risk of
cardiotoxicity, for example, conduction disorders, arrhythmia, and heart failure,
warranting caution in patients with cardiac history [26, 27]. Tricyclics are also con-
traindicated in patients with a known history of a narrow anterior chamber of the
eye or prior attacks of acute glaucoma. Most antidepressants carry a black box
warning due to an increased risk of suicidality [16]. Despite their favorable analge-
sic effects, antidepressants, when used in combination with other medications such
as lithium, monoamine oxidase inhibitors (MAOIs), or drugs metabolized by
CYP2D6, can lead to significant drug interactions. Polypharmacy, especially com-
bining different types of antidepressants (TCAs, SSRIs, and selective norepineph-
rine reuptake inhibitors), should be avoided to prevent serotonin syndrome, which
may include seizures [25].

Anticonvulsants

Originally developed for managing seizures, anticonvulsants are widely employed
in treating neuropathic pain, migraine, fibromyalgia, and other headache disorders.
These agents exert their analgesic effects by reducing ectopic neuronal discharges
and stabilizing nerve membranes. Gabapentin and pregabalin, both believed to act
as neuronal calcium channel a2-8 ligands, mitigate hyperexcitability in excited neu-
rons. Common side effects include sedation, dizziness, peripheral edema, and
weight gain [18, 25].

Corticosteroids

Glucocorticoids, renowned for their anti-inflammatory effects, are utilized in vari-
ous conditions associated with pain, including rheumatoid arthritis, neuropathic
pain syndromes, and cancer pain. They exert their analgesic effects through inhibi-
tion of phospholipase, alteration of lymphocytes, cytokine expression inhibition,
and membrane stabilization [25]. Prolonged steroid use may lead to adverse reac-
tions such as fluid and electrolyte imbalance, osteoporosis, hyperglycemia, and psy-
chiatric symptoms.
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Muscle Relaxants

The true mechanism of muscle relaxants remains poorly understood. Most skeletal
muscle relaxants are FDA-approved for either spasticity (such as baclofen, dan-
trolene, and tizanidine) or musculoskeletal conditions (including carisoprodol,
chlorzoxazone, cyclobenzaprine, metaxalone, methocarbamol, and orphenadrine).
Many of these muscle relaxants are associated with somnolence and sedation, mak-
ing it somewhat challenging to determine whether their clinical effect is directly
related to muscle action or primarily due to their sedative properties [28].

Benzodiazepines

Benzodiazepines enhance the action of gamma-aminobutyric acid (GABA) and are
employed in conditions involving spasticity, such as spinal cord injury. Potential
side effects include respiratory depression, somnolence, and dizziness, particularly
when combined with opioid therapy. Caution is advised to minimize dose and long-
term use [25, 28].

Topical Analgesics

Topical analgesic formulations (such as patches and creams) are utilized for local-
ized pain, circumventing the systemic side effects of oral medications and poten-
tially reducing drug-drug interactions [1]. These agents have demonstrated
effectiveness in treating neuropathic pain syndromes and osteoarthritis. Their mech-
anism of action involves reducing peripheral pain processing from affected or
injured nerves to the central processing in the brain. The FDA has approved
Lidocaine 5% patches for post-herpetic neuralgia treatment. Capsaicin, an active
ingredient in chili peppers, can be topically applied and leads to the defunctionaliza-
tion of small afferent fibers through interaction with TRPV1 receptors, possibly
resulting in decreased pain perception. While numerous topical anti-inflammatory
formulations are available for musculoskeletal pain, their efficacy for neuropathic
pain has yielded mixed results [16, 18].

Cannabinoids

The use of cannabinoids for the treatment of chronic pain has faced criticism due to
the risks associated with long-term usage. The analgesic and anti-inflammatory
effects of cannabinoids stem from the activation of different endocannabinoid sys-
tems in the CNS and PNS, immune, and hematologic systems. Among cannabi-
noids, delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) have received
the most research attention. THC inhibits glutamate and 5-hydroxytryptamine
release while increasing dopamine secretion. On the other hand, CBD enhances
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adenosine receptor signaling, reduces reactive oxygen species, tumor necrosis fac-
tor, and T cell proliferation, all without the psychoactive effects of THC. Common
side effects include cognitive impairment, drowsiness, and impaired attention span.
However, the opioid-sparing effect of cannabinoids remains unclear, with clinical
practice guidelines offering inconsistent recommendations [29].

Conclusion

The pharmacological management of chronic pain necessitates a comprehensive
understanding of the pharmacokinetics and pharmacodynamics of medications.
Treatment goals aim to reduce pain sensitization, pain amplification, and restore
normal pain thresholds. Due to the potential side effects of high doses or combina-
tion therapy, it is essential to administer the lowest effective dose for the shortest
duration possible to achieve symptom control.

Complementary and Integrative Health Approaches

The National Institutes of Health (NIH) National Center for Complementary and
Integrative Health (NCCIH) delineates “complementary approaches” as non-
mainstream healthcare approaches used alongside conventional medical care, while
“alternative approaches” are those substituted for conventional medicine [30].
Integrative health entails the amalgamation of such practices with conventional
medical care. According to the 2012 National Health Interview Survey, over 30% of
US adults utilize complementary or alternative medicine (CAM) approaches [31].
In the same survey, 41.6% of adults with musculoskeletal pain disorders employ
complementary health approaches, compared to 24.1% of those without musculo-
skeletal pain [31]. The Pain Management Best Practices Inter-Agency Task Force
Report advocates for clinicians to contemplate integrative health approaches,
including mind-body behavioral interventions, acupuncture, massage, osteopathic
and chiropractic manipulation, meditative movement therapies (e.g., yoga, tai chi),
and natural products [32]. CAM approaches can thus serve as a pivotal component
of individualized, multimodal, multidisciplinary treatment for acute and chronic pain.

Dietary Approaches to Pain Management

The human diet encompasses essential macronutrients (fats, carbohydrates, pro-
teins) and micronutrients (vitamins, minerals) and may incorporate non-vitamin,
non-mineral dietary supplements. Diet and dietary supplements may influence pain
through various mechanisms, including direct analgesic effects, modulation of anal-
gesic drug pharmacokinetics or pharmacodynamics, and enhancement of nutritional
status and overall fitness. Given nutrition’s indispensable role in daily life, potential
benefits of dietary approaches to pain management encompass heightened
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compliance and adherence, decreased cost compared to prescription medications,
fewer potential side effects, and seamless integration into comprehensive pain treat-
ment programs.

Dietary fat intake can influence pain pathways through various mechanisms,
including neuropeptide and hormone synthesis, as well as neurotransmission involv-
ing serotonin, norepinephrine, and dopamine [33]. Notably, -3 and ®-6 polyun-
saturated fats (PUFAs) serve as precursors in eicosanoid synthesis (e.g.,
prostaglandins, thromboxanes, and leukotrienes), which play crucial roles in inflam-
mation and vasoactivity, thereby impacting cardiovascular health, neural develop-
ment, and nociception [34]. While both ®-3 and ®-6 PUFAs contribute to pro- and
anti-inflammatory compounds, ®-3 PUFAs are generally regarded as more anti-
inflammatory [35]. Although most foods contain a mix of fat varieties, the typical
North American diet is characterized by relatively high saturated fat (e.g., dairy,
animal fats) and o-6 PUFA (e.g., vegetable oils) content, with relatively low levels
of ®-3 PUFAs (e.g., oily fish) [36].

A meta-analysis of 17 randomized, controlled trials focusing on inflammatory
joint pain revealed that ®-3 PUFA supplementation significantly correlated with
improvements in patient-reported joint pain, morning stiffness, and NSAID con-
sumption [37]. Similarly, elevated ratios of ®-6 to ®-3 PUFAs have been linked to
increased pain, reduced functioning, and heightened psychological distress in indi-
viduals with chronic knee pain [38]. Supplementation with PUFAs, such as fish oil,
krill oil, or sourced from algae, is generally considered safe and well-tolerated [39].
However, the overall evidence for PUFA supplementation in chronic pain is limited
by heterogeneity across studied pain conditions, as well as variations in type, dos-
age, and duration of supplementation [40].

Numerous micronutrients, such as glucosamine and chondroitin for osteoar-
thritis, vitamin B complex for peripheral neuropathy, vitamin D for chronic
pain, magnesium for migraines, and curcuminoids, that is, turmeric extract for
chronic pain, have been explored as potential analgesics [41-48]. While limited
data suggest some potential benefits and minimal harm with such dietary sup-
plements, high-quality evidence supporting their efficacy in chronic pain man-
agement for conditions including osteoarthritis, dysmenorrhea, cancer pain, and
chronic musculoskeletal pain remains lacking [49-52]. The extensive diversity
among clinical patients studied, variations in dosage and duration of interven-
tions, utilization of combination treatments, and absence of randomization and/
or controls hinder pain experts and professional societies from making defini-
tive recommendations, emphasizing the necessity for ongoing research in
this field.

Given the prevalence and assortment of dietary supplements, pain patients fre-
quently seek recommendations from their pain physician. Practical advice for
patients considering the use of dietary supplements for pain relief includes counsel-
ing regarding potential adverse effects, reviewing current medications and other
supplements to prevent interactions, advising to obtain supplements from reputable
sources, recommending checking for certification of good manufacturing practices
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by independent third parties (e.g., NSF International, U.S. Pharmacopeia,
ConsumerLab.com), and starting at the lowest recommended dose, increasing grad-
ually, and discontinuing use if adverse effects are observed.

Acupuncture

Acupuncture, originating from traditional Chinese medicine, is a procedural treat-
ment aimed at restoring normal energy flow (qi) within the body [53]. Contemporary
research, including sham-controlled trials, has highlighted the physiological effects
of acupuncture on various pain pathways, involving modulation of endogenous opi-
oids, neurotransmitters like serotonin and norepinephrine, and inflammatory cyto-
kines. When administered by a well-trained, licensed practitioner using sterile
techniques, acupuncture is generally considered low risk [32, 53]. While systematic
reviews and meta-analyses suggest potential benefits for conditions such as osteoar-
thritis, migraine, low back pain, and neck pain, the quality of evidence is often
questioned due to limitations in study design and execution, including small sample
sizes, inadequate controls, and insufficient blinding [54—-57]. Therefore, acupunc-
ture for pain management should be approached within a patient-centered frame-
work, considering factors such as the specific pain condition, associated benefits
and risks, including cost implications, as well as the patient’s preferences and
expectations regarding treatment.

Mind-Body Therapies (Yoga and Tai Chi)/Impact of Exercise
on Pain Management

Yoga, originating from ancient Indian practices, focuses on physical postures (asa-
nas), breathing techniques (pranayama), and meditation (dyana) [30]. Tai chi, an
ancient Chinese martial art, involves slow, gentle movements, postures, and con-
trolled breathing within a meditative state [58]. These practices have become
increasingly popular in Western culture as they offer low-impact exercises com-
bined with spiritual and meditative elements. Yoga is generally regarded as safe,
comparable to standard care and exercise [59], and has demonstrated efficacy simi-
lar to physical therapy in managing chronic low back pain [60, 61]. Additionally,
systematic reviews suggest that yoga may provide modest benefits for neck pain,
headaches, and osteoarthritis [62—64]. Tai chi research has shown potential benefits
for conditions such as low back pain, osteoarthritis, rheumatoid arthritis, and fibro-
myalgia [65-69]. However, comprehensive reviews on both yoga and tai chi remain
inconclusive, primarily due to the dominance of small, low-quality studies in the
literature, with varying treatment protocols. Nonetheless, these modalities can be
integrated into multimodal pain management strategies due to their potential for
pain relief with minimal risk, cost-effectiveness (especially in group settings), and
the ability to deliver sessions remotely via telehealth [32].
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Physical Therapy Methods

Self-Efficacy

As Allied Health Professionals, physical therapists play a crucial role in treating
patients with persistent pain while imparting education on prevention and health
promotion strategies. They prioritize self-efficacy, which refers to an individual’s
belief in their capacity to achieve specific goals or desired outcomes, as a significant
mediator between pain and disability. Physical therapists foster self-efficacy through
techniques such as facilitating successful experiences, education, coaching, behav-
ioral modeling, and exercise instruction. Physical activity and exercise are vital for
individuals suffering from chronic pain as a sustainable long-term approach.

Addressing Pain-Related Fears

Pain-related avoidance behaviors, catastrophic beliefs, and fear of movement (kine-
siophobia) can pose significant barriers to exercise adherence and progression [70,
71]. Physical therapists employ pain neuroscience education (PNE) to elucidate that
“hurt does not always equal harm or damage” [70, 72-77]. By diminishing fear,
patients become more accepting of discomfort and are more willing to engage in
therapy programs and continue home exercise regimens.

Active Physical Therapy

Active treatments in physical therapy involve activities where the patient is actively
engaged physically and/or cognitively as a participant. This includes learning and
performing warm-up activities, stretching, strengthening exercises, and other pre-
scribed physical therapy exercises. It is important to note that even self-application
of passive modalities can be considered active because the patient takes responsibil-
ity. Active cognitive coping and self-management skills are recognized as signifi-
cant mediators of positive outcomes in multidisciplinary pain rehabilitation
programs [78-80]. Physical therapists employ various active strategies, including
education, adaptations, facilitation, graded motor imagery (GMI), exercise-based
interventions, and graded exposure techniques. Together, these active treatments
aim to maintain long-term functionality in patients.

Passive Physical Therapy

Passive physical therapy involves treatments administered to a patient without their
active participation, either by a practitioner or by a device. Examples include mas-
sage, electrical or thermal modalities, or manual joint manipulations. While these
treatments can provide immediate pain relief, relying solely on passive interven-
tions may compromise long-term outcomes if biopsychosocial factors are not fully
considered due to the multidimensional complexity of persistent pain [78, 81].

Electrical Modalities

Electrical stimulation modalities aim to modulate all categories of pain mecha-
nisms, including nociceptive, neuropathic, and central sensitization, to provide
relief. Transcutaneous electrical nerve stimulation (TENS) is one such modality,
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delivering electrical stimulation through a portable device equipped with adhesive
electrodes placed on the skin [82]. Clinical applications of TENS may involve vari-
ous parameters such as low frequency (<10 Hz), high frequency (>50 Hz), sensory
intensity level (tingling, tapping), motor level (muscle contraction), conventional
TENS (high frequency applied at low intensity), and acupuncture-like TENS (low
frequency applied at high intensity with motor contraction).

Thermal Modalities

Hot packs or heating pads provide pain relief through superficial heat application
over the affected area for 15-30 minutes. They are commonly used for soft tissue
pain, muscle spasms, sprains/strains, and osteoarthritis. Mechanisms of pain relief
include increased blood flow, metabolism, and elasticity of connective tissues, that
is, reduced tone [82].

Cold Packs and Ice Massage

Cold therapy, including ice packs and ice massage, reduces pain, blood flow, edema,
inflammation, muscle spasms, and metabolic demand [82, 83]. Ice massage involves
mechanical deformation forces aiding in fluid mobilization and reduction of edema
and muscular relaxation. Treatment durations are typically 10-20 minutes for cold
packs and 7—10 minutes for ice massage.

Low-Level Laser Therapy

Laser or light therapies, known as passively therapeutic modalities, include “3A or
3B” lasers, commonly referred to as low-level laser therapy (LLLT) and low-
intensity laser therapy (LILT). These treatments involve administering non-thermal
doses of light to painful tissues using devices that generate light with a wavelength
between 600 and 1000 nm. The typical doses range from 820 to 830 nm, delivering
0.8-9.0 J per point, with an irradiation time of 15-180 s [84].

Several mechanisms of action are proposed for pain relief, including reduced
inflammatory response (decrease in PGE2, mRNA Cox 2, IL-1f, TNFa), decreased
neutrophil cell influx and oxidative stress, alteration of cell membrane and action
potentials, prostaglandin reduction, inhibition of pain transmission at peripheral
neuromuscular junctions, and selective inhibition of nerve conduction in AS and C
fibers, which convey nociceptive stimulation [85-87].

Manual Therapy

Manual therapy encompasses techniques that mobilize or manipulate soft tissue and
joints to modulate pain, reduce swelling and inflammation, induce relaxation,
improve range of motion, and restore function [88, 89]. The evidence supporting the
use of manual therapy varies depending on factors such as pain acuity, body region,
and diagnosis. For patients with chronic musculoskeletal pain, manual therapy has
been shown to produce slight improvements in temporal summation, an important
characteristic of nociceptive processing associated with central sensitization [90].
Proposed mechanisms include biomechanical, neurophysiological, peripheral, spi-
nal, and supraspinal effects [86, 87].
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Impact of Exercise on Pain Management
Exercise Recommendations in Chronic Pain

Regular exercise is beneficial for most chronic medical conditions, including
chronic low back pain, and significantly improves overall health [90-95]. Some
patients benefit from specifically targeted exercise prescriptions. Patients with per-
sistent pain engaging in movement and physical therapy programs may experience
expected disruptive flare-up cycles. Using motivational interviews to modify behav-
ioral change, address pain-related fear avoidance, and train patients in self-efficacy
and self-treatment strategies, can be beneficial.

Adherence to a Movement Program

Exercise adherence is a significant challenge for individuals with persistent pain
[95-98]. While no singular exercise (e.g., walking, swimming, biking) is superior to
another, certain program characteristics predict higher adherence rates [95]. These
include tailoring the program to the patient’s goals and preferences, utilizing indi-
vidualized supervised sessions when available, ensuring accessibility, and empha-
sizing self-efficacy [95, 99, 100]. Adherence to long-term behavioral strategies,
such as positive reinforcement, exercise contracts, self-monitoring, and supervised
follow-up sessions, enhances program effectiveness [95].

Low-Intensity Activity

Low-intensity activities like walking (land-based and aquatic), tai chi, yoga, Qi
Gong, and gentle cycling have been shown to decrease pain and anxiety, reduce
depression, improve balance and mobility, and are generally well-tolerated in
chronic pain patients [34, 96]. Although low-intensity activity may not offer the
same overall health benefits and functional improvements as moderate and vigorous
exercise, it can serve as a starting point for patients unable to tolerate moderate-
intensity activity, fostering self-efficacy [96, 99-101].

Aerobic Exercise

Aerobic exercise involves sustained movement of large muscle groups, increasing
oxygen demand [96, 100-104]. Besides pain reduction, aerobic exercise benefits
accessibility, as it involves simple movement patterns requiring minimal supervi-
sion or equipment, such as walking, jogging, cycling, dancing, and swimming [96,
97, 101-103]. Aerobic exercises can be modified to accommodate disabilities or
other barriers.
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Strength Training

Strength training offers clinical benefits for chronic pain patients, including
increased muscle strength, pain relief, reduced disability, decreased depression,
increased self-efficacy, and improved quality of life [96, 99, 100, 105, 107, 108].
These outcomes can be achieved with two training sessions per week [96-108].
Successful implementation strategies involve allowing patients to define volitional
fatigue with each set of exercises, starting with simple exercises, and providing
guidance for controlled exercise performance to avoid strain [97, 99, 107].

Flexibility

Flexibility exercises aimed at alleviating stiffness or tightness and improving joint
range of motion modestly benefit pain and are more efficacious for anxiety, depres-
sion, and quality of life. Optimal outcomes are achieved when stretching is included
as part of an overall fitness program [97, 105, 109].

Stimulation Produces Analgesia: Transcutaneous Electrical
Nerve Stimulation (per ABA)

Transcutaneous electrical nerve stimulation (TENS) delivers electrical stimulation
through the skin and is utilized for the treatment of acute and chronic pain. TENS is
preferred over interferential current or other electrical stimulation for chronic pain
treatment due to its cost-effectiveness and independent application [110]. TENS is
often incorporated with exercise during physical therapy sessions [51, 111]. It does
not necessarily require instruction by a skilled physical therapist, and these devices
are readily available over the counter.

TENS is applied at varied frequencies, intensities, and pulse durations, working
by muting central neuronal excitability and activating descending inhibitory path-
ways [110-116]. The efficacy of TENS remains equivocal, attributed to inconsistent
methodology and heterogeneous subgrouping in clinical trials. Therefore, consider-
ations for TENS use should encompass cost-effectiveness and its potential to sup-
port self-efficacy in patients with persistent pain [116—-118].

Rehabilitation Techniques

Chronic pain rehabilitation programs integrate exercises aimed at increasing the
patient’s activity tolerance and range of motion. These exercises encompass
stretching, conditioning, strengthening, and relaxation techniques. Combining
exercise with other physical modalities proves more effective than employing
any single modality. Rehabilitation techniques entail behavior modification to
unlearn pain behaviors, coping strategies to promote better functioning, and
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assistance to family members in altering their responses to encourage improved
outcomes [119]. Individualized education and psychosocial approaches serve to
foster and reinforce the treatment regimen. Psychotherapy, whether in individ-
ual or group format, is an integral component. Stress management and other
medical interventions, including medications, injections, stimulation, manual
therapy, and physical modalities, constitute part of a multimodal approach for
patients suffering from persistent pain.

Work Hardening Rehabilitation

Multidisciplinary rehabilitation encompasses a combination of physical, psy-
chological, educational, and/or work-specific interventions, often delivered by a
team of healthcare providers [120]. Within this framework, the pain physician
must comprehend the concepts of physical conditioning programs. Physical
conditioning programs are typically defined by the desired outcome. For injured
workers with chronic pain, physical rehabilitation focuses on work-specific con-
ditioning or functional training. The terms “work conditioning” or “work hard-
ening” implies a structured program of exercises or tasks that are progressively
graded to enhance physical and emotional tolerance for specific work tasks
[121]. Work hardening emphasizes task-specific job deficits, often utilizing sim-
ulated or duplicated work tasks in a supervised environment, with daily sessions
lasting several hours or even a full workday. A functional restoration program,
a broader term emphasizing functional outcomes over pain, includes work con-
ditioning and/or work hardening, intensive education, and psychology when the
goal is to return to work [78].

Concerning outcomes in chronic spine pain, multidisciplinary biopsychoso-
cial rehabilitation is recognized to decrease pain and disability beyond usual
care and physical treatments, potentially improving work status compared to
physical treatments alone [120-122]. It remains unclear which elements within
the multidisciplinary rehab program provide benefit, nor is the optimal dose or
intensity known for a given outcome. Physical conditioning programs alone
have little effect on return-to-work rates in acute low back pain but confer a
slight positive effect at 1 year for reducing sick leave use in patients with chronic
low back pain [121]. To achieve this positive result, patients with chronic low
back pain likely need more than five 1- or 2-hour sessions, ranging up to 8-hour
sessions for at least 2 weeks. There is insufficient evidence that work hardening
or work conditioning is superior to an active therapeutic exercise program or
guideline-based physical therapy [123]. Given the low to moderate quality evi-
dence, further research is likely to have a high impact on our understanding and
utilization of structured physical conditioning programs for return to work.
Physical conditioning programs should be considered as part of a multidisci-
plinary approach for those with chronic pain impeding their return to work.
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Psychological Approaches to Treat Chronic Pain

Psychological treatments, whether alone or within an interdisciplinary program,
boast the greatest empirical evidence for success. There exists an overwhelming
body of research supporting the effectiveness of various psychological approaches,
especially cognitive-behavioral therapy. It is therefore prudent to consider the use of
psychological treatment in conjunction with traditional medical interventions.

Psychological interventions include the following:

Cognitive-behavioral therapy

Behavioral approaches
Motivational interviewing
Biofeedback

Meditation

Guided imagery
Hypnosis

Cognitive-Behavioral Therapy

The CBT approach combines cognitive and behavioral techniques, including assertive-
ness, stress management, relaxation training, goal setting, guided imagery, and pacing of
activities [124, 125]. Biofeedback, meditation, and hypnosis can all be incorporated
within the framework of CBT. The focus is to provide patients with more adaptive ways
of thinking, feeling, and behaving so they can better respond to pain.

Patients should actively collaborate in changing their thoughts, feelings, and

behaviors.

Components of CBT (Four):

Education: Help the patient become more aware of their negative thoughts and
emotions, and their role in maintaining stress and physical symptoms. Steps
include identifying maladaptive thoughts during problematic situations such as
pain exacerbations, introducing and practicing coping thoughts, shifting from
self-defeating to coping thoughts, introducing and practicing positive or rein-
forcing thoughts, and finally practicing at home and follow-up [126-129].
Skills acquisition.

Consolidation: Goal of skills acquisition and consolidation is to help patients
learn new skills for pain management behavior and stress reduction, including
training in relaxation, distraction, problem-solving, activity pacing, and
communication.

Generalization and maintenance are aimed at solidifying those skills and pre-
venting relapse.

CBT helps restore function and mood, as well as reduce pain and disability-related

behavior. Its efficacy has been demonstrated in many studies of chronic pain disor-
ders. Despite CBT being undoubtedly the most common intervention used in chronic
pain, it may not work for everyone, and other interventions may be considered.



112 A.Brown et al.

Behavioral Approaches

Classical (respondent) conditioning involves the repeated pairing of a neutral stimu-
lus with a nociceptive stimulus, leading the neutral stimulus to elicit a pain response
over time [73, 130]. Treatment typically consists of exposing the patient to feared or
avoided activities that result in less pain than anticipated, and providing corrective
feedback in the process.

Operant conditioning, on the other hand, focuses on extinguishing pain behavior
by withdrawing positive attention from such behavior and reinforcing good behav-
ior [131]. This approach aims to modify behavior through a process of reinforce-
ment and punishment, encouraging patients to engage in more adaptive behaviors
and discouraging maladaptive responses to pain.

Motivational Interviewing

Motivational interviewing, originally developed for substance use disorders (SUDs),
has seen increasing use in chronic pain management. It operates on the framework
of the stages of readiness to change, which include precontemplation, contempla-
tion, preparation, action, and maintenance.

e Precontemplation stage: Patients still view their pain as purely somatic and have
adopted a passive role as they wait for their provider to identify and provide
appropriate treatment. The clinician educates the patient about the risks and
problems resulting from inactivity, such as increased pain and deconditioning.

¢ Contemplation stage: The goal is to encourage the patient to conclude that the
risks associated with inactivity outweigh the perceived benefits.

e Preparation stage: The clinician helps outline appropriate structured physical
activities in which the patient is willing to participate.

¢ Action stage: The clinician helps the patient increase activity levels.

¢ Maintenance: Geared toward the individual’s ongoing motivation and
commitment.

Throughout these stages, clinicians encourage patients to transition by providing
motivational statements, listening with empathy, asking open-ended questions, pro-
viding feedback and affirmation, and handling resistance. Since motivational inter-
viewing has been applied to chronic pain only recently, its efficacy has not yet been
well documented [132, 133].

Biofeedback

Biofeedback is a self-regulation technique that assists individuals in exerting con-
trol over their physiological processes. During biofeedback sessions, the patient is
connected to equipment via electrodes, which record physiological responses such
as skin conductance, respiration, heart rate, skin temperature, and muscle tension.
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These readings are then translated into visual or auditory signals displayed on a
monitor that the patient can observe. Consequently, the patient can manipulate these
auditory or visual signals to alter their physiological responses. With practice, most
individuals can learn to voluntarily control crucial physiological functions associ-
ated directly with pain and stress, thereby inducing a state of general relaxation.
Patients are instructed to practice the methods that have successfully altered their
physiological parameters.

Forms of biofeedback may include EMG biofeedback, commonly used for ten-
sion headaches, thermal biofeedback as seen with migraine headaches, and biofeed-
back associated with heart variability as seen in those complaining of pain.

Biofeedback empowers patients with a general sense of control over their bodies,
a critical aspect given the high levels of helplessness observed in individuals with
chronic pain problems [134-136].

Meditation

Meditation involves a systematic inner focus on particular aspects of inner and outer
experience. Unlike many approaches in behavioral medicine, meditation was devel-
oped in a spiritual context. However, as a healthcare intervention, it has been effec-
tive regardless of the patient’s cultural or religious background [134, 137, 138].
There are two common forms of meditation: Transcendental meditation and Zen or
Mindfulness meditation. Transcendental meditation involves focusing on one of the
senses, like a zoom lens focusing on a specific object. For example, the individual
repeats a silent word (mantra) with the goal of transcending the ordinary stream of
mental discourse.

On the other hand, Zen or Mindfulness meditation aims for awareness of the
whole perceptual field, akin to a wide-angle lens. It incorporates focused attention
and whole-field awareness in the present moment. Mindfulness meditation reframes
the experience of discomfort such that physical pain, malaise, or suffering becomes
the object of meditation. Rather than being avoided, which is the most common
reaction, they are investigated, experienced, and explored. Mindfulness-based inter-
ventions have been found to decrease pain, increase healing, reduce stress, and
improve mood.

Guided Imagery

Guided imagery entails using visualization or imagination to evoke specific pleas-
ant images. These images can be sensory or affective, with the most successful
ones involving all five senses (vision, sound, touch, smell, taste). Guided imagery
has been shown to reduce presurgical anxiety, postsurgical pain, and accelerate
healing [139].
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Hypnosis

Hypnosis is defined as a natural state of aroused attentive focal concentration cou-
pled with a relative suspension of peripheral awareness [140—-143]. It consists of
three key components: absorption, dissociation, and suggestibility. Absorption
refers to the intense involvement in the central object of concentration, while dis-
sociation involves experiences that would commonly be felt consciously occurring
outside of conscious awareness. Suggestibility, the third component, indicates that
individuals are more likely to accept outside input without cognitive censorship or
criticism. Hypnosis has been proven beneficial in relieving pain among patients suf-
fering from various conditions such as headaches, arthritis, burn injuries, cancer,
and chronic back pain.

Substance Use Disorders and Pain

Substance use disorders are highly prevalent in patients with chronic pain (15-28%)
[144]. Lifetime rates range from 23% to 41%. Substance use disorders are more
common in males than females. The most commonly abused substances in chronic
pain patients are alcohol (current and lifetime) and narcotics (current). Substance
use disorders often precede the onset of chronic pain [144]. The incidence of addic-
tion in patients on chronic opioid therapy varies widely and is greatest in individuals
with a prior history of substance use disorder and/or a history of abuse [145-148].
Chronic pain patients with comorbid substance diagnoses have higher rates of
depression, anxiety, and personality disorders than patients with no substance diag-
nosis [149-151].

Identifying substance use disorders in chronic pain patients may be difficult,
secondary to fears that pain-relieving medications will be reduced or discontinued,
that they will not be considered good candidates for pain rehabilitation programs,
and/or that this information will work against them in potential future worker’s
compensation litigation.

Evaluation of Opioid Risk

The prevalence of opioid misuse in chronic non-cancer pain patients treated with
opioids is around 20%. Misuse is defined as the use of medications other than as
directed, whether willfully or unintentionally, and whether harm results or not. The
prevalence of opioid use disorder is much lower (around 2-5%).

Prescription Opioid Use Disorder is defined as a primary, chronic, neurobiologi-
cal disease that is characterized by behaviors that include one or more of the follow-
ing (4 C’s) [152]: Loss of Control over the drug, Compulsive drug use, Cravings
(strong urges to use), and Continued use despite harm.

Screening tools for substance abuse [such as Pain Medicine Questionnaire,
Current Opioid Misuse Measure (COMM), and Screener and Opioid Assessment
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for Patients with Pain—Revised (SOAPP-R)] may be beneficial in assessing the risk
of addiction to opioids before initiation and during maintenance with opioid ther-
apy. The utilization of prescription drug monitoring programs is another comple-
mentary tool that helps identify patients who “doctor shop.” Urine toxicology
screens are the most widely used and possibly the gold standard for detecting illicit
substance use in chronic pain patients treated with opioids [153].

Opioid therapy agreements, signed by both patient and clinician, may be an
appealing tool for managing many of the potential difficulties related to chronic
non-cancer opioid therapy [154]. Screening for the risk of opioid abuse/misuse is
directed toward identifying aberrant drug behaviors resulting from the 4 C’s. A his-
tory of personal and/or family history of addiction significantly increases the risk of
opioid misuse. It is also important to assess for any implications on work, interper-
sonal, or social function with opioid use. Additionally, comorbid mood problems,
anxiety, and emotional distress significantly increase the risk of misusing prescribed
opioids if not appropriately treated.

Buprenorphine

Sublingual (S/L) buprenorphine is FDA approved only for the treatment of opioid
use disorder (opioid detoxification and maintenance). Buprenorphine in the patch
and buccal forms is approved only for analgesia. However, buprenorphine is present
at a significantly lower dose in the patch and buccal forms compared to the S/L
forms (Table 5.2).

Mechanism of Action

Buprenorphine acts as a partial agonist at the p-opioid receptor with unusually high
affinity [155]. It has a weak partial antagonist effect on the k-opioid receptor (with
anti-depressant effects) and a ceiling effect on respiration and CNS depression, pro-
viding a considerable margin of safety in a high-risk population. Several side effects
have been described with the use of buprenorphine (Table 5.3).

Table 5.2 Common buprenorphine formulations

Generic dose Brand name Starting

Buprenorphine patch Butrans 5-10 mecg/h
Buprenorphine buccal film Belbucca 75-150 mcg/twice daily
Buprenorphine/Naloxone Sublingual Suboxone 4-8/1-2 mg

Note: Adapted from Suboxone product information. Retrieved from http://www.suboxone.com

Table 5.3 Side effects of Common Rare

buprenorphine Sedation Weight gain
Headache Hepatotoxicity
Constipation Oral hypoesthesia (film)
Nausea Glossodynia (film)

Note: Adapted from Suboxone product information. Retrieved
from http://www.suboxone.com
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Drug Interactions and Clinical Indications

Buprenorphine is metabolized by CYP 450 3A4, leading to fluctuations in blood
levels if co-administered with medications that induce or inhibit the CYP 450 3A4
enzyme, such as several anticonvulsants and protease inhibitors. The most common
clinical indications for buprenorphine formulations are the treatment of chronic
pain and opioid addiction [156, 157].

Initiation

Sublingual (S/L) buprenorphine, used for addiction treatment, should only be initi-
ated when the patient is experiencing mild to moderate withdrawals (W/Ds) to pre-
vent precipitated W/Ds. The typical starting dose for S/L buprenorphine is 4 mg,
titrating up every 1/2 to 1 hour in 2—4 mg increments until W/D symptoms improve.
The dose can be increased every week by 4-8 mg increments to alleviate cravings
and/or improve pain until reaching a maximum recommended daily dose of 24 mg
daily (however, doses higher than 24 mg daily have been reported with improved
analgesia).

Butrans should be initiated at 5 mcg/h in opioid-naive patients and titrated up by
5 mcg every week to a maximum dose of 20 mcg/h (possible QT prolongation with
doses >20 mcg/h). If the patient is opioid-tolerant with an oral morphine equivalent
of 30-80 mg/day, the starting patch dose is 10 mcg/h. Similarly, Belbuca should
commence at 75 mcg films twice daily in opioid-naive patients, and 150 mcg twice
daily in opioid-tolerant patients. Dose adjustments can be made every 1-2 weeks to
achieve effective analgesia, up to a maximum dose of 900 mcg twice daily.

Of note, abrupt discontinuation can lead to opioid withdrawal symptoms; how-
ever, these symptoms are usually milder compared to full agonist opioids. However,
buprenorphine may precipitate withdrawal symptoms in patients currently on opi-
oid therapy.

Clinical Pearls

An amendment to the Controlled Substances Act (CAA) has exempted certain
Schedule III, IV, and V narcotic drugs from X-Waiver requirements. Buprenorphine,
classified as a Schedule III narcotic, can now be prescribed for opioid use disorder
(OUD) treatment by any DEA-registered prescriber with Schedule III authority,
without patient caps.

However, the CAA introduced a new training mandate for all DEA registrants
prescribing controlled substances. Effective June 21, 2023, prescribers must com-
plete an 8-hour training program before obtaining or renewing their DEA registra-
tion [158].

Sublingual buprenorphine can effectively treat both addiction and pain in high-
risk patients. It is essential to conduct liver function tests before and during
Suboxone treatment. In cases where patients on Suboxone develop acute pain, sev-
eral options are available:

* Divide the buprenorphine dose to every 6 hours
* Gradually increase the buprenorphine dose to achieve analgesia
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* Stop buprenorphine and start a full opioid agonist
* Continue buprenorphine and add a full opioid agonist

For options 3 and 4 above, naloxone should be readily available at the bedside as
patients may easily develop respiratory/CNS depression.

Summary

This chapter underscores the significance of exercise in managing chronic pain,
detailing specific exercise recommendations and various rehabilitation techniques.
In concluding our exploration into chronic pain management, several pivotal
insights emerge, offering valuable guidance for clinicians and researchers alike.

Foremost among these insights is the indispensable role of exercise as a founda-
tional component of effective pain management. Through targeted exercise pre-
scriptions and tailored physical therapy programs, patients can achieve substantial
improvements not only in pain levels but also in overall health and well-being. The
significance of regular exercise cannot be overstated in the context of chronic pain
management.

However, the challenge of exercise adherence looms large, underscoring the
importance of personalized programs aligned with individual patient goals and pref-
erences. Incorporating behavioral modification techniques such as motivational
interviewing can empower patients to overcome barriers to adherence, fostering
long-term engagement with exercise regimens.

Moreover, our exploration into multidisciplinary rehabilitation underscores the
holistic nature of effective pain management. By integrating exercise, behavioral
modification, and psychosocial interventions, clinicians can address the intricate
interplay of physical and emotional factors inherent in chronic pain. The superiority
of comprehensive treatment approaches over traditional physical interventions
alone is evident.

In parallel, the pivotal role of psychological interventions, particularly cognitive-
behavioral therapy (CBT), emerges as a cornerstone of chronic pain management.
By guiding patients in identifying and challenging maladaptive thoughts and behav-
iors, CBT equips them with invaluable coping skills essential for navigating the
complexities of chronic pain.

Additionally, the value of complementary interventions such as biofeedback,
meditation, and guided imagery cannot be understated. These techniques offer sup-
plementary avenues for pain management, promoting self-regulation, relaxation,
and mindfulness, thus augmenting the efficacy of traditional medical interventions.

Amidst our discussions on treatment modalities, the complex issue of substance
use disorders in chronic pain patients warrants careful consideration. Thoughtful
evaluation and management, supported by screening tools and individualized treat-
ment plans, are essential for addressing substance misuse effectively.

Finally, our examination of buprenorphine as a therapeutic option underscores
the importance of understanding its mechanisms, clinical indications, and dosing
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considerations. By leveraging this medication judiciously, clinicians can provide
safe and efficacious pain management solutions for high-risk patients.

In summary, our journey through chronic pain management has illuminated the
multifaceted nature of this condition and underscored the imperative for a personal-
ized, patient-centered approach. By integrating exercise, behavioral modification,
psychological interventions, and substance use disorder management strategies, cli-
nicians can navigate the complexities of chronic pain effectively, empowering
patients to reclaim their quality of life.

Multiple-Choice Questions
Pharmacology

Question 1. In patients with known painful diabetic neuropathy, which of the fol-
lowing opioids have been FDA-approved for its use?
A. Morphine
B. Hydromorphone
C. Tapentadol
D. Oxydocone

Answer: C. Currently, there are few medications with FDA approval for use in pain-
ful diabetic peripheral neuropathy. These include pregabalin, duloxetine, and
tapentadol. Morphine, hydromorphone, and oxycodone are opioids used for
chronic pain but long-term chronic use of these patients even in neuropathic pain
is controversial.

Question 2. A patient is diagnosed with CRPS type 1 and has benign prostatic
hypertrophy. He is intolerant to gabapentinoids and NSAIDs. Which of the fol-
lowing medications is MOST appropriate for use to treat his pain?

A. Amitriptyline
B. Selegiline

C. Desipramine
D. Venlafaxine

Answer: C. The tricyclics block muscarinic acetylcholine receptors and cause anti-
cholinergic effects such as blurred vision, constipation, dry mouth (which may
lead to dental caries), and urinary retention. In addition, these anticholinergic
effects can cause tachycardia, ocular crisis in patients with narrow-angle glau-
coma, and confusion and delirium. Among the choices, desipramine has the least
anticholinergic effect and can be safely used in patients with benign prostatic
hypertrophy. Amitriptyline, selegiline, and venlafaxine have significant anticho-
linergic effects.

Question 3. An elderly male with a known history of rheumatoid arthritis presents
with increased swelling and pain in the interphalangeal joints of his hand. Which
of the following medications would LEAST likely provide therapeutic benefit?
A. Naproxen
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B. Meloxicam
C. Indomethacin
D. Acetaminophen

Answer: D. NSAIDs have been found to have profound analgesic, antipyretic, and
anti-inflammatory effects. The reduction of prostaglandin synthesis through the
inhibition of cyclooxygenase enzyme is responsible for its mechanism of action.
Even though it is an effective analgesic, Acetaminophen has a weaker anti-
inflammatory effect and would not be very effective in treating acute arthritic pain.

Alternative Therapy

Question 4. Which of the following is true about the relationship between dietary
fats and pain?

A. Q-3 polyunsaturated fatty acids (PUFAs) are essential for the production of
anti-inflammatory prostaglandins, while -6 PUFAs are essential for the pro-
duction of pro-inflammatory prostaglandins.

B. Chronic pain patients should be counseled to minimize dietary fat intake as
much as possible.

C. Increased dietary intake of saturated fats (e.g., animal fats, dairy) and ®-3
polyunsaturated fatty acids (PUFAs) (e.g., fish oil) is associated with
increased inflammation compared to diets rich in -6 PUFAs (e.g., vegeta-
ble oils).

D. Dietary fats may affect pain through a variety of mechanisms, including
modulation of inflammatory pathways, neuropeptide and hormone synthesis,
and neurotransmission.

Answer: D. Synthesis of eicosanoids (e.g., prostaglandins, thromboxanes, leukotri-
enes) is a major role of PUFAs in the body, but fats can also influence pain
through other physiological pathways. Both types of PUFAs play a role in the
synthesis of both pro- and anti-inflammatory eicosanoids. Fats are an essential
part of the human diet, and some fats may have beneficial properties for pain,
inflammation, and general health. High intake of saturated fats and m-6 PUFAs,
with low intake of -3 PUFASs, is associated with increased inflammation and
pain symptoms.

Question 5. Which of the following experimental observations would be MOST
consistent with the putative mechanism of action of acupuncture?

A. Patients with chronic neck pain reported significant improvements in pain
relief and function after an §-week course of acupuncture performed by a
licensed acupuncturist.

B. In chronic pain patients with depression, acupuncture treatment combined
with duloxetine provided better pain relief than duloxetine alone.

C. Administration of naloxone blocks the analgesic effect of acupuncture in
migraine.

D. A 4-week course of acupuncture provides greater pain relief for pain in fibro-
myalgia compared to sham acupuncture or no treatment.
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Answer: C. Acupuncture exerts some analgesic effects through modulation of the
endogenous opioid system. There is no control arm, and this information does
not provide any information to suggest the mechanism of action of acupuncture.
Although acupuncture may exert some analgesic effects via serotonin and nor-
epinephrine pathways, this observation does not mean that acupuncture acts
through the same mechanism as duloxetine. Although this observation suggests
that acupuncture analgesia is separate from placebo response, it does not provide
any information to suggest the mechanism of action.

Question 6. You refer a patient with low back pain for physical therapy. She asks if
she can do yoga instead. In counseling your patient, which of the following state-
ments is true?

A. Opverall, the evidence in favor of yoga for chronic pain is limited by low-
quality studies, small sample sizes, and high variability in treatment regimens.

B. To be effective for pain relief, yoga instruction must be delivered in person,
in a group class setting.

C. Yoga is not as effective as physical therapy for low back pain.

D. Yoga is more risky than physical therapy because it is not performed under
the guidance of a licensed physical therapist.

Answer: A. Although there is some evidence of benefit, most published studies of
yoga in chronic pain are small, often with substantial heterogeneity and a high
risk of bias. One benefit of yoga is that it can easily be delivered via telemedi-
cine. Studies have found yoga to be comparable in efficacy to physical therapy
for low back pain. Studies have demonstrated yoga to be as safe as usual care and
exercise, with overall low risk of harm.

Physical Therapy Methods

Question 7. Which of the following physical therapy modalities is MOST likely to
improve in chronic musculoskeletal pain by decreasing temporal summation?
A. Manual therapy
B. Therapeutic exercise
C. High-frequency transcutaneous electrical nerve stimulation (TENS)

Answer: A. Manual therapy techniques, neural mobilization exercises, and
high-velocity mobilizations have been shown to produce significant changes
in mechanical temporal summation (TS) which is an important nociceptive
processing characteristic of central sensitization. Patients with chronic mus-
culoskeletal pain have alterations in the processing of the central nervous
system with central sensitization (CS). This generalized hypersensitivity of
the somatosensory system can be measured quantitatively by two measures:
one which is pronociceptive and a second which is antinociceptive. TS mea-
sures the state of hyperactivity in the dorsal horn of the pain facilitation
pathways, while conditioned pain modulation (CPM) measures the distur-
bance of the descending pain inhibitory system, respectively. A Systematic
Review and Meta-analysis had reported the Efficacy of Physical Therapy on
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Nociceptive Pain Processing Alterations in Patients with Chronic

Musculoskeletal Pain with one of the key findings serving the clinical rele-

vance of this question. The effect of therapeutic exercise (answer choice b)

on TS is mixed and acupuncture (choice c) has not demonstrated changes in

TS [159].

Question 8. A 53-year-old woman with fibromyalgia complains of worsening bilat-
eral shoulder pain. X-rays excluded fracture, subluxation, or osteoarthritis. There
is no evidence of rotator cuff tears or cervical radiculopathy. She was referred to
physical therapy (PT). Which of the following PT interventions is MOST effec-
tive in the long-term management of this patient?

A. The therapist educates the patient on thermal modalities before applying a
heating pad on the shoulder and the patient performs a mental distraction
technique.

B. The therapist applies an active massage treatment to the soft tissues of the
deltoid and the patient remains supine.

C. The therapist provides technical instruction on the use of a shoulder pulley
apparatus and the patient performs passive range-of-motion exercises.

Answer: B. Active treatments in physical therapy are activities in which the patient
is physically and/or cognitively engaged. They tend to provide a long-term, sus-
tainable approach to managing pain. Passive treatments in physical therapy
involve activities that are performed on the patient. For example, massage, the
use of heating pads, and cold packs are passive treatments [122].

Impact of Exercise on Pain Management

Question 9. Which of the following interventions is MOST likely to reduce pain and
disability in patients with chronic low back pain?
A. Education
B. Electrotherapy
C. Exercise

Answer: C. Exercise may reduce pain and improve disability compared to common
treatments such as electrotherapy or education. In a 2021 Cochrane Review by
Hayden et al., chronic low back pain was defined as pain, muscle tension, or stiff-
ness lasting longer than 12 weeks or recurrent low back pain with two episodes
in a year, lasting more than 24 hours, with more than 30 days pain-free between.
These persistent back pain populations were categorized as “chronic.” Examples
of exercise treatment included general physical fitness programs prescribed by
health professionals delivered in a group setting, aerobic exercise in the form of
walking programs, and focused muscle strengthening and core stability exer-
cises. The systematic review evaluated the impact of exercise treatment on pain
and functional limitations in adults with chronic non-specific low back pain com-
pared to no treatment, usual care, placebo, and other conservative treatments.
Exercise was determined to reduce pain and improve disability in comparison to
electrotherapy or education [92].
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Stimulation Produces Analgesia: TENS (per ABA)

Question 10. A 63-year-old male presents with chronic neuropathic and nociceptive
pain affecting his right posterolateral hip. Which of the following BEST describes
the utility of a trial of transcutaneous electrical nerve stimulation (TENS) ther-
apy in his case?

A. Utility is low because it is costly and requires physical therapy assistance to
apply it correctly.

B. Utility is equivocal because it may reduce neuropathic pain but not nocicep-
tive pain.

C. Utility is high because of low-risk and promotion of self-reliance for manag-
ing pain.

Answer: C. TENS therapy can reduce pain in some patients and is a low-cost, low-
risk therapy that can be administered by the patient independently. Conventional
TENS therapy utilizes high-frequency, low-intensity stimulation through adhe-
sive pads on the skin and can be used to treat acute or chronic neuropathic, noci-
ceptive, or nociplastic (i.e., central sensitization) pain. Its mechanism of action
may include the activation of large-diameter afferent fibers leading to the facili-
tation of descending inhibitory systems. TENS therapy will not be effective for
all patients. However, despite its equivocal efficacy in systematic reviews, TENS
therapy is relatively inexpensive, requires little instruction, and can be delivered
independently by the patient, thereby promoting patient self-efficacy. TENS is
also safe but should be avoided in patients with implanted electronic devices, and
TENS adhesive pads should not be placed over damaged skin, hematoma, or pos-
sible thrombosis, and should not be used on the head or throat [111, 118].

Rehabilitation Techniques

Question 11. Which of the following strategies is MOST likely to promote adher-
ence to an exercise program in patients with chronic widespread musculoskele-
tal pain?

A. Engaging in psychodynamic therapy
B. Promoting self-efficacy
C. Incorporating passive treatments from licensed physical therapists

Answer: B. Emphasizing self-efficacy is a recommended approach to help patients
with chronic widespread pain or fibromyalgia adhere to an exercise program.
Several psychological techniques including cognitive restructuring and relax-
ation may be applied to achieve goals of reducing pain and disability in patients
with chronic widespread pain, persistent pain, or fibromyalgia. Approaches may
involve adaptation, pain coping skills, and self-management to reduce disability
associated with pain symptoms. The perspective is to decrease reliance on pas-
sive, reactive, and dependent circumstances to active and self-directed approaches
in coping with symptoms and improving quality of life.
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Strategies to achieve improved outcomes include but are not limited to (1) tailoring
the program to the patient’s own goals and preferences, (2) using individualized
supervised sessions when available, (3) ensuring accessibility, and (4) emphasiz-
ing self-efficacy [101, 119, 160].

Work Hardening Rehabilitation

Question 12. A 44-year-old male delivery driver presents with lower back pain for
the last 4 months. He has been off work due to pain for the last 8 weeks. He has
had 10 visits with physical therapy including stretches, dry needling, and e-stim.
He has taken meloxicam 15 mg daily and completed a 2-week trial of cycloben-
zaprine. He still reports moderate-severe daily lower back pain worse with bend-
ing and lifting. No red flags. His neurological exam is normal and imaging shows
age-appropriate mild spondylosis. Which of the following would be the BEST
option to facilitate return to work?

A. Refer for a 4-week functional restoration program.

B. Refer to a pain psychologist for a 10-week cognitive-behavioral therapy
program.

C. Extend his current physical therapy prescription for another 4 weeks and
encourage a daily home stretching program.

Answer: A. Multidisciplinary biopsychosocial rehabilitation and active (rather than
passive) treatment approaches can improve the work status of patients with
chronic low back pain. Concerning outcomes in chronic spine pain, multidisci-
plinary biopsychosocial rehabilitation is known to decrease pain and disability
beyond usual care and can improve work status. Extended prescriptions for pas-
sive PT approaches or referral for passive chiropractic care are unlikely to reduce
disability in chronic low back pain. Medications and injections are also passive
treatments. Cognitive-behavioral therapy (CBT) is an active therapy and may
assist in reducing pain catastrophizing and fear avoidance, but CBT will not
prepare the spine for manual labor. When return to work is the goal, functional
restoration programs should include work conditioning and/or work hardening,
in addition to education and psychology [120-122].

Psychological Treatments

Question 13. A 34-year-old man presents with anxiety and chronic generalized
abdominal pain. His diagnostic work-up was unremarkable. He was diagnosed
with functional abdominal pain, and referred for cognitive-behavioral therapy
(CBT). Which of the following is the MAIN component of cognitive-behavioral
therapy intervention for chronic pain?

A. Accept and modify negative (maladaptive) thoughts related to pain
B. Employ relaxation strategies to decrease pain
C. Use distraction techniques to reduce pain
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Answer: A. CBT involves relaxation and distraction, but at its core, it focuses on
maladaptive thoughts.

Question 14. Which of the following brain regions do exogenous opioids affect to
reinforce addictive behavior as part of the “dopamine reward pathway”?

A. Globus pallidus
B. Frontal cortex
C. Ventral tegmental area

Answer: C. The key brain regions constituting the brain networks for addiction are
found within the mesocorticolimbic dopamine systems, which start in the ventral
tegmental area and connect to the amygdala, prefrontal cortex, and nucleus
accumbens. This pathway has been called the “dopamine reward pathway,” and
all addictive drugs ultimately act through different mechanisms to potentiate
euphoria or other positive reward symptoms that subsequently reinforce behav-
ior for ongoing use of the drug. Opioids, in particular, work by inducing the
release of dopamine in the ventral tegmental area and by binding to receptors in
the nucleus accumbens.

Question 15. A 73-year-old man with multiple medical problems, including hyper-
tension, hyperlipidemia, benign prostatic hypertrophy, and a remote history of
bilateral pulmonary emboli, was brought to the emergency room after reporting
suicidal ideations to his primary care physician. An initial assessment revealed a
4-week history of increasingly depressed mood in the context of worsening
lower abdominal pain. A chart review revealed seven medical admissions in the
past year for work-up of this gastrointestinal pain, which was largely unremark-
able. Which of the following is MOST characteristic for diagnosis of somatic
symptom disorder in this patient?

A. Presence of four different pain symptoms.
B. Pain is not required to be continuously present.
C. Absence of a medical condition explaining the somatic symptom.

Answer: B. Somatic symptom disorder (SSD) is characterized by preoccupation
with one or more distressing physical symptoms, resulting in disruption of daily
life. According to the Diagnostic and Statistical Manual Fifth Edition (DSM-5),
a known medical condition explaining the somatic symptom does not preclude
the diagnosis of SSD. Rather, considering the medical diagnosis, the patient’s
distress and dysfunction are more than what would be expected. SSD is a new
disorder defined in the DSM-5, replacing somatoform and related disorders from
the DSM-4-Text Revision (TR). For example, the criteria for somatization disor-
der required the patient’s constellation of somatic symptoms to include four dif-
ferent pain symptoms, two gastrointestinal symptoms, one sexual symptom, and
one pseudoneurological symptom. In contrast, diagnosis of SSD requires the
presence of just a single somatic symptom. Further, any one somatic symptom is
not required to be continuously present, but rather the state of being symptom-
atic, with any variation of symptoms, is required for the diagnosis of SSD.

Question 16. A 23-year-old woman with a history of depression and post-traumatic
stress disorder presents with generalized body pain and aches that have progres-
sively worsened over the past year. She is wheelchair-bound. On examination,
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she was extremely sensitive to touch all over her body. Neurologic examination
was intact and brain/spine imaging was unremarkable. Which of the following
tools is BEST to assess catastrophizing behaviors in this patient?

A. The Profile of Mood States (POMS)

B. Fear Avoidance and Beliefs Questionnaire (FABQI)

C. Coping Strategies Questionnaire (CSQ)

Answer: C. Pain catastrophizing is defined as an exaggerated negative orientation
toward actual or anticipated pain experiences. It is a cognitive and emotional
process that involves the magnification of pain-related stimuli, feelings of help-
lessness, and a negative orientation to pain and life circumstances. Several self-
report measures of catastrophizing have been developed and shown to have good
psychometric properties—the most significant of which are the Coping Strategies
Questionnaire [CSQ] and the Pain Catastrophizing Scale [PCS]. These measures
have been used in both clinical research and contexts and have shown to have
predictive validity for disability and response to various treatments.

Question 17. A 40-year-old policeman comes to the primary care clinic with com-
plaints of intermittent episodes of low back pain, for the past year, that has been
progressively worsening. No precipitating factors could be identified except that
his workload as a police traffic officer has increased. Physical examination and
diagnostic testing were unremarkable. Which of the following resilience factors
is considered the MOST important in determining his adjustment to chronic pain?
A. Anxiety sensitivity
B. Optimism
C. Neuroticism

Answer: B. Three potential resilience factors are particularly relevant in chronic
pain: optimism, hope, and psychological flexibility. Optimism may be one of the
most important personality traits concerning adjustment to chronic pain.
Dispositional optimism is defined as “the tendency to believe that one will gener-
ally experience good outcomes in life.” Optimism was found to be associated
with better general health, adaptation to chronic disease, and recovery after vari-
ous surgical procedures.
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Introduction

The utilization of opioids as a form of analgesia dates back to 3400 BC when the
opium poppy was cultivated in lower Mesopotamia. Since then, its popularity has
gained global traction for its application in both acute and chronic pain manage-
ment. The global opioid market was valued at USD 22.8 billion in 2022 with an
anticipated growth rate of 1.4% from 2023 to 2030. The growth of this market is
sought to be due to new opioid derivatives in the management of chronic pain. In
this chapter we aim to explore the pharmacology of opioids, their clinical applica-
tions, and methods for combatting addiction.

Pharmacology of Opioid Medication

Opioids exert their effects on a variety of receptors in multiple areas of the body,
with the CNS being the most relevant for analgesia. Opioid receptors themselves are
G protein-coupled receptors (GPCRs), and specifically are coupled to Go/Gi inhibi-
tory proteins [1]. Classical opioid agonism leads to inhibition of cyclic adenosine
monophosphate (cAMP) within the cell, hyperpolarizing the cell via its downstream
effects by increasing potassium conductance while conversely inhibiting calcium
conductance [2]. Historically, the primary opioid receptors were considered to be
the Mu (p) opioid peptide receptor (MOP), Kappa (k) opioid peptide receptor
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(KOP), and Delta (8) opioid peptide receptor (DOP), which are primarily differenti-
ated from a structural perspective by the extracellular components of the GPCR [1].

The nociceptin opioid peptide receptor (NOP), also known as the opioid receptor-
like 1 receptor (ORL1), is structurally similar to the above but is considered to be a
non-opioid branch of the opioid receptor family [2, 3] and has little affinity for tra-
ditional opioid substances such as morphine [4]. Uniquely, it does not bind nalox-
one and many traditional opioids [5]. Sigma (o) receptors were once believed to be
in the opioid class of receptors, but these are structurally distinct from opioids
receptors and produce psychomimetic effects from substances including phencycli-
dine (PCP) and its analogs [6]. Zeta ({) receptors regulate developmental events
related to embryonic development and cancer cell proliferation [7, 8].

Clinical Effects of Classic Opioid Receptors

The opioid receptors noted above have a wide range of effects on the body, with
varying levels of individual receptor subtype activation based upon the opioid used.
Below is a brief outline of some of the more pertinent effects [6, 7].

MOP receptors are found in the CNS, GI system, and peripheral nervous system
(PNS). It has several subtypes, with pl and p2 being the most clinically relevant. p1
is associated with analgesia and physical dependence, with p2 having many of the
“unwanted” effects of opioids, such as euphoria, respiratory depression, miosis,
reduced GI motility, and physical dependence.

KOP receptors are found in the CNS and PNS, and their activation provides
analgesia, sedation, dysphoria, diuresis, and respiratory depression, along with hal-
lucinogenic/psychomimetic effects due to its action in the limbic system.

DOP receptors are primarily located in the brain and PNS, with analgesia and
constipation being some of the primary effects.

NOP receptors are primarily in the CNS and may regulate both analgesia and
hyperalgesia, along with emotional behaviors. They may have potential uses as non-
addictive analgesics [9].

Mechanisms of Pain Relief

While a full description of the pain pathways associated with opioid therapy is out-
side of the scope of this review, the spinal and supraspinal mechanisms are briefly
outlined below. For further information on these mechanisms, we recommend
review of Bonica Chapter 79 or Wall and Melzack Chapter 30.

Spinal analgesia is elicited at a segmental level in predominantly Rexed lamina I
and II (marginal zone and substantial gelatinosa) in the dorsal horn via the opioid
receptors noted above [10]; specifically, the estimated total opiate binding in the
spinal cord is predominantly via the p receptor, contributing 70%, with 8 and x
contributing 23% and 7%, respectively [1, 10]. Greater than 70% of these receptors
exist on the presynaptic terminals of Ad and C fibers, which are the nociceptive fiber
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types, and are absent on large-diameter A fibers such as A fibers, which are associ-
ated with proprioception and fine touch. Activation of these receptors decreased the
release of excitatory neurotransmitters, thus reducing the transmission of pain sig-
nals further into the CNS.

From a supraspinal perspective, opioids act at several sites, including the thala-
mus, amygdala, and sensory cortex [1]. Most importantly are structures in the mid-
brain and brainstem, such as the periaqueductal gray (PAG) the rostroventral
medulla (RVM). Binding of these receptors causes an activation of a descending
inhibitory pathway projecting to the spinal cord, thus exerting an overall anti-
nociceptive effect.

Classification of Opioids

Opioid compounds can be classified in several ways, from chemical structure and
receptor agonism to the Drug Enforcement Agency (DEA) schedule of con-
trolled drugs.

There are four chemical classes of opioids: phenanthrenes, benzomorphans,
phenylpiperidines, and diphenylheptanes [6, 11]. Phenanthrenes refer to opioids
derived from the opium plant itself and typically have multiple fused rings. These
include morphine, hydromorphone, oxymorphone, codeine, and hydrocodone, to
name a few. Benzomorphans only have pentazocine as a member of the class.
Phenylpiperidines have a high utility in pain management and include synthetic
opioids such as fentanyl, alfentanil, sufentanil, and meperidine. Diphenylheptanes
include propoxyphene and methadone.

Another important classification method is based on activity at the opioid recep-
tors. Most commonly used opioids are considered agonists, directly activating dif-
ferent opioid receptor types at various degrees of activity and efficacy [6]. However,
other agents exist to include partial agonists, agonists-antagonists, and antagonists.
Partial agonists (such as buprenorphine) have a partial effect when binding opioid
receptors; these tend to have an analgesic ceiling effect, with potential safety with
regards to respiratory depression, and can precipitate withdrawal if given to those
taking traditional opioid agonists. Agonists-antagonists (such as nalbuphine and
butorphanol) have an antagonist effect at the MOP with agonism at other receptor
types, having a constellation of effects based on their relative activity. Finally,
antagonists, as expected, do not have any opioid activity and therefore are competi-
tive antagonists for other opioids; these include naloxone and naltrexone.

Finally, several opioids have mechanisms of action beyond simple opioid recep-
tor binding. These include methadone (NMDA antagonism), tramadol (serotonin/
norepinephrine reuptake inhibition), and tapentadol (norepinephrine reuptake inhi-
bition), which may contribute to their analgesic effects in ways distinct from pure
opioid agonism.
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Pharmacogenetics and Opioid Medications

Opioid therapy is commonly used as an analgesic in treating pain of varying types;
this includes acute pain, chronic pain, and chronic cancer pain associated with pal-
liative care [12]. Several evidence-based guidelines and tools exist to assist provid-
ers in proper prescribing and dosing of opioids. However, challenges arise in the
form of adverse effects, opioid use disorder, and overdose. Such issues have contrib-
uted to the current public health dilemma facing the U.S. and the declaration of
national epidemic by the Centers for Disease Control [13].

Efficacy of opioid medications, as well as associated side effects and dependence
risk, has been shown to vary based on genetic factors [14]. Numerous studies have
reported genes can significantly affect pain sensitivity, perception, and predisposi-
tion to chronic pain. This is the foundation for pharmacogenetics, which is the study
of how genes affect an individual’s response to medications—in this case, opioids.
Evidence supports that genes contribute to inter-individual differences in analgesic
requirements [15]. This is further compounded by individual differences that exist
in pain reporting and management. The progress in identifying genetic variants and
their correlation to personalized pain management has been shown in genome-wide
association studies (GWAS), single nucleotide polymorphisms (SNPs), and epigen-
etic studies in modulation of pain [16]. SNPs are the most common cause of genetic
variation and further understanding offers promise for improving disease detection
and treatments. The aim of this narrative is to highlight the role of genetics in hopes
of optimizing individual opioid therapy, minimizing associated side effects, in addi-
tion to the risk of opioid dependence.

Genetic Polymorphism Related to Opioid Analgesia

Pharmacokinetics involves the process of how the body acts on the medication; this
involves the processes of drug absorption, distribution, metabolism, and excretion.
Pharmacodynamics, on the other hand, concerns the effect of the drug on the body.
Knowledge of these processes, in addition to drug receptor types, nociceptive path-
ways, and antinociceptive pathways, can further enhance understanding of the dif-
ferential response to opioids in patients [15]. Genetic polymorphisms in opioid
metabolism, enzymes, and opioid receptors have been shown to contribute to vari-
ability in analgesic doses and associated side effects. Opioids are metabolized by
the cytochrome P450 (CYP 450) enzymes in the liver. SNP polymorphisms in the
genes encoding CYP 450 enzymes are linked to variations in the pharmacogenetics
of various opioids. There are individuals that may be categorized as ultra-rapid,
normal, intermediate, or poor metabolizers based on the level of enzymatic activity
during drug metabolism.

More than 20 genes have been identified as important biological features relevant
to opioid analgesia and involved in the metabolism of opioids. Several
pharmacokinetic-related candidate genes (CYP2D6, CYP3A4/AS5, UGT2B7,
ABCBI1, ABCC3, SLC22A1) and pharmacodynamic-related candidate genes
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(OPRM1, COMT, KCNIJ6) are presently under investigation and hold promise for
clinical use in the future. CYP2D6 is responsible for the metabolism of commonly
prescribed opioid medications, including codeine, tramadol, hydrocodone, oxyco-
done, and methadone. This enzyme has been shown to be highly polymorphic and
displays significant variability across race and ethnicity [17]. As such, this has been
associated with varying clinical effects in different patient populations. In addition
to CYP2D6, the genotypes OPRM1 and COMT have been identified as having an
impact on opioid analgesia and adverse events. Sufficient data supports that
CYP2D6 genotype test results can be used to provide therapeutic recommendations
specific to codeine and tramadol. However, there is limited data to support its clini-
cal application for the following opioid medications: hydrocodone, oxycodone, and
methadone, as well as for OPRM1 and COMT [18].

Multiple SNPs in genes are involved in catecholamine metabolism [19]. COMT
is a key regulator of catecholamine concentrations in the pain perception pathway.
As such, it also regulates pain perception and has been evaluated for its influence on
the response of opioid medications in the body. Polymorphism of this enzyme has
been shown to modulate opioidergic activity [20]. Inhibition of COMT enzymatic
activity has been shown to increase pain sensitivity [21]. The implications of this
can be especially helpful in providing guidance in managing opioid therapies
amongst different patient populations.

OPRM1 is highly polymorphic and has been studied for its role in opioid respon-
siveness and addictive properties. There is a known association between increased
OPRMI activity and substance use disorders. Mu opioid receptors (MORs) are
encoded by the OPRMI1, and the high concentration dopaminergic neurons in the
brain in the presence of MORs correlates directly with the development of depen-
dence [23]. OPRMI1 activity and MORs have also been associated with alcohol and
nicotine abuse, heroin dependence, and oxycodone sensitivity [22, 24, 25].
Understanding OPRMI1 activity and genetic variation may offer guidance in identi-
fying patients at higher risk for dependency, and more research on how SNPs may
promote dependence liability in certain populations is necessary.

Variability in Responsiveness/Genetic Influences

Clearly, genetic polymorphism in select opioid receptors, enzymatic activity, and
metabolic pathways influence pain perception and analgesia in individuals. Clinical
factors such as age, gender, and ethnicity have been shown to contribute to differ-
ences in opioid response. Though the effect of age and gender on the opioid response
is inconclusive at this time [26, 27], the role of ethnicity has been shown to be cor-
relative [28]. Different genetic variations can contribute to altered enzymatic activ-
ity and protein function, which in turn affects a patient’s response to different
analgesics—in this case, opioids.

With further understanding of a patient’s genetic makeup, providers can poten-
tially determine which opioid medications can provide optimal (or suboptimal)
analgesic response in said patient. Several opioid medications that are commonly
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prescribed are under investigation for their effect on various patient populations.
These include codeine, tramadol, hydrocodone, oxycodone, and methadone.

Therapeutic Applications

Codeine

Codeine is not nearly as potent as morphine since it is a pro-drug that undergoes
O-demethylation by CYP2D6 to form the active metabolite of morphine. As such,
codeine should not be prescribed to individuals that are considered CYP2D6 ultrar-
apid metabolizers, where higher levels of morphine would accumulate, contributing
to higher toxicity risk. In contrast, codeine should also be avoided in CYP2D6 poor
metabolizers where greatly reduced morphine formation leads to diminished anal-
gesia. By understanding the phenotypic variation of CYP2D6 across different eth-
nicities, codeine therapy guidelines may be modified accordingly.

Tramadol

Tramadol is metabolized by CYP2D6 to form the active metabolite
O-desmethyltramadol. In CYP2D6 ultrarapid metabolizers, higher levels of
O-desmethyltramadol would accumulate, leading to increased toxicity risk. In con-
trast, CYP2D6 poor metabolizers would have diminished levels of the active metab-
olite and lead to diminished analgesia. In both these patient groups, a non-codeine
opioid would be better suited for adequate and safer analgesia.

Hydrocodone

Hydrocodone undergoes metabolism via CYP3A4 and CYP2D6, the former pro-
ducing the inactive metabolite norhydrocodone [29] and the latter producing its
active metabolite of hydromorphone. Hydromorphone has significantly higher
affinity toward mu-opioid receptors in comparison to hydrocodone [30]. Insufficient
evidence is currently available to offer guidelines on managing hydrocodone in
patients who may be CYP2D6 ultrarapid metabolizers or poor metabolizers.

Oxycodone

Oxycodone undergoes metabolism to water-soluble compounds via CYP3A-
mediated N-demethylation and CYP2D6 O-demethylation; the former produces
noroxycodone and the latter produces oxymorphone. Oxymorphone is responsible
for the majority of oxycodone’s analgesic effects [18, 31] as well as euphoria, seda-
tion, and cough suppression [32]. However, due to its poor bioavailability at less
than 10%, it is only 3 times more active than oral morphine.

Methadone

Methadone is metabolized by CYP3A4 to largely form the inactive metabolite
ethylideine-1,5-dimethyl-3,3,-dipyhenylpyrrolidine (EDDP). It is also metabolized
by CYP2D6 to lesser extent. This genotype does not significantly alter methadone
adverse effects, opioid dose requirements, or analgesia.
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Chronic pain is multifactorial and can vary across multiple dimensions. It is
important to take into consideration social, demographic, clinical, psychological,
biological, and lifestyle variations that vary between individuals. Pharmacogenetics
has the potential to improve prescribing practices and optimize pain control in select
patient populations. CYP2D6, OPRM1, and COMT are only a few of the many
important genes that have been identified as influencing opioid analgesia and asso-
ciated adverse events. Targeting these genes has the potential to yield promising
results, but there is currently insufficient knowledge and understanding of their pre-
cise role in the pain pathway and opioid responsiveness. As more research and stud-
ies are conducted, the potential of pharmacogenetic testing may be better realized
and contribute to the development of individualized guidelines for patients and per-
sonalized medicine [19, 28].

New Opioid Targets

Opioids continue to remain one of the most potent analgesics used for the manage-
ment of severe pain conditions. However, there have been growing concerns in
recent years as opioid use has escalated in the general population, contributing to
opioid use disorders. Additionally, more evidence has indicated questionable long-
term effectiveness of opioids in treating intractable pain. There is uncertainty about
the frequency at which opioids should be prescribed and the associated severity of
multiple poorly characterized adverse drug events (ADEs). There is a more urgent
need for the development of safer opioid medications with less side effects. New
approaches are being explored for development of safer prescription practices.
These approaches include targeting specific opioid receptors in the periphery, biased
ligand agonism, development of heteromers or multiligand receptor splice variants,
degradation and synthesis of endogenous opioid peptides, and gene therapy.

As previously mentioned, the p opioid receptor (MOR) is considered a key thera-
peutic target for clinically used opioids, including fentanyl, oxycodone, morphine,
and methadone. Activation of MOR can substantially relieve severe pain in patients;
however, there are also dose-limiting ADEs such as abuse liability, respiratory
depression, constipation, itching, and physical dependence to take into consider-
ation [33, 34]. These ADEs frequently compromise the therapeutic effects of opi-
oids and in turn contribute to the development of opioid use disorders. Opioid use
disorder and overdoses are considered an epidemic in North America. It is vital to
develop novel and safe opioid medications that may produce potent analgesia in
patients with serious medical conditions and simultaneously minimize unwanted
ADEs. The aim of this narrative is to discuss novel opioid targets that may offer
optimal therapeutic treatment of pain and reduce dependence/abuse.
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Opioid Receptors

Several opioid receptors are responsible for physiologic responses when stimulated.
They belong to the family of G protein-coupled receptors (GPCRs) and include the
following subtypes: p-opioid receptors (MORs), k-opioid receptor (KORs), and
d-opioid receptor (DORs). The MORs gather the most attention relatively, as their
activation is responsible for both the therapeutic effects of opioids and the unwanted,
adverse effects. But all of these opioid receptors are widely expressed in the central
nervous system (CNS) and peripheral nervous system (PNS)—in addition to non-
neuronal tissues—which also play a role in the mechanism of analgesia and propa-
gation of side effects [35].

Activation of MORs is associated with respiratory depression, sedation, consti-
pation, nausea, vomiting, analgesic tolerance, euphoria, depression, and withdrawal.
Activation of KORs is associated with sedation, analgesic tolerance, diuresis, and
central psychomimetic effects. Activation of DORs is associated with analgesic tol-
erance, aversion, dysphoria, and convulsions [35]. Activation of the nociceptin/
orphanin FQ opioid peptide receptor (NOP) modulates the actions of the MORs
associated with analgesia, tolerance, and reward.

Peripheral opioid agonists selectively activate opioid receptors outside of the
CNS, thus avoiding all centrally mediated unwanted effects. They selectively target
opioid peptide-containing cells that are prevalent at sites of inflammation or injury.
The augmentation of opioid synthesis may also be possible via gene transfer. Such
novel approaches have the ability to provide personalized pain treatment in
patients [36].

Kappa opioid agonists can target receptors in the CNS and PNS. When periph-
eral KORs are targeted on visceral and somatic afferent nerves, lower abuse poten-
tial and less risk for physical dependence have been observed in addition to increased
analgesia and antihyperalgesia. Unwanted centrally mediated KOR effects fre-
quently mimic the effects of psychotomimetics. Peripherally restricted KOR ago-
nists have been developed to target KORs located on visceral and somatic nerves to
treat inflammatory visceral pain and chronic neuropathic pain. However, only a few
pharmacologic agents are available that target KORs predominantly [37].

Biased Ligands

Opioid receptors are GPCRs that when activated, undergo conformational changes
at the extracellular ligand-binding site to the intracellular end of the receptor, which
leads to the coupling of intracellular G family proteins. The activated opioid recep-
tors are phosphorylated by GPCR kinases, followed by the recruitment of multi-
functional proteins referred to as B-arrestin (B-arr). Some ligands equally activate G
protein and p-arr pathways, which can be referred to as “balanced” agonists. Other
ligands preferentially activate more G protein or B-arr pathways—these ligands are
considered “functionally selective” or “biased” agonists. These ligands can more
precisely regulate biological functions of GPCRs, which has the potential to lead to
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further development of drugs with superior efficacy but reduced side effects. By
stabilizing receptors in various active states, biased agonists can trigger preferred
pathways via G protein-mediated or p-arr pathways. Designing biased ligands that
elicit G protein activation without (or with minimal) B-arrestin-2 recruitment has the
potential to provide efficient analgesia and avoid unwanted side effects such as
respiratory depression, sedation, physical dependence, addiction, and tolerance
[35, 38].

Current evidence supports that biased agonism exists for all three opioid recep-
tors [38]. Oliceridine (TRV 130) is a G protein-biased p-receptor agonist that was
approved by the FDA in 2020, which simultaneously disfavors p-arrestin-2 signal-
ing and is associated with less respiratory depression compared to nonbiased opi-
oids (such as morphine) [39].

Heteromers, Bivalent, and Multifunctional Ligands

Heteromers, bivalent, and multifunctional ligands are composed of at least two
functional receptor units and demonstrate different properties than the individual
units. They may be non-selective and bind at two different targets. The goal of such
compounds would be to promote profound analgesia with minimal to no side effects.
For example, combined MOR agonist/DOR antagonist compounds specifically tar-
geting said receptors would provide increased antinociception, reduced tolerance,
decreased physical dependence, reduced respiratory depression, and decreased gas-
trointestinal inhibition [40].

Development of Dual Opioid Peptides Enkephalinase (DENK) Inhibitors

Dual enkephalinase (DENKk) inhibitors have been shown to improve inflammatory-
mediated, neuropathic-mediated, cancer-mediated, and postoperative pain. At
higher doses, DENk inhibitors have been shown to have less side effects when com-
pared to morphine (which include tolerance, withdrawal, reward, respiratory depres-
sion, and constipation). More data has yet to become available as clinical trials are
currently underway [35].

Gene Therapy

Consideration should also be given to gene therapy and splicing as a mechanism to
promote opioid targeting and further personalize pain treatment amongst patients.
Introduction of DNA or mRNA encoding into a protein receptor could allow for
manipulation of and long-term expression in the tissue. Alternative splicing of MOR
coding exons is being evaluated and is leading to the discovery of multiple splice
variants in humans. MOR splice variants may help explain the clinical variability of
MOR agonist medications across a diverse patient population and provide further
insight on the importance of individualizing pain therapies. The herpes simplex
virus (HSV) has been explored and investigated as a vector in altering the endoge-
nous genomes of nociceptors for genes of interest in neurons; they were shown to
selectively and successfully knock down several proteins involved in various pain
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states [41]. Proinflammatory cytokines have been shown to play a role in the under-
lying mechanism of neuropathic pain and chronic opioid tolerance/withdrawal.
Gene therapy strategies to enhance the expression of anti-inflammatory markers
(such as IL-4, IL-10, or TNF) could be employed to reduce neuropathic pain and
opioid tolerance/withdrawal [42].

Uncovering mechanisms that may enhance the availability of endogenous opi-
oids within injured tissue, augment signal transduction of peripheral opioid recep-
tors, and improve biased ligand agonism has the potential of opening exciting
possibilities for pain therapy. Understanding these concepts further can contribute
to the formulation of novel opioid drugs that are functionally selective between
CNS and PNS. Identification of genetic differences in addition to genetic splicing
also play a role in further individualizing pain therapy among patients. Going for-
ward, a more detailed understanding of these concepts through clinical trials involv-
ing in vivo studies will be of crucial importance.

Prescribing Opioids Practices in Chronic Pain

Opioid use for pain has changed dramatically over the past several decades. While
the pain-relieving properties of opium and its derivatives have been well described
for millennia, the addictive potential has also been well established. Physicians
trained during the 1970s and 1980s were commonly taught to avoid these medica-
tions for chronic non-cancer pain if possible and to use the lowest doses needed
when required.

In 1995, Dr. James Campbell presented, in his presidential address to the
American Pain Society (APS), the idea that pain should be evaluated as a vital sign.
This, along with a misinterpreted “Letter to the Editor” in 1980 in the New England
Journal of Medicine by Jane Porter and Dr. Hershel Jick allowed pharmaceutical
companies to push the idea that pain should be aggressively treated and that devel-
opment of addiction was rare in patients without a history of addiction [43]. The
increased prescription patterns ushered in the opioid epidemic, which led to
increased governmental regulation and guideline publications.

To battle addiction and the opioid epidemic, the Centers for Disease Control and
Prevention (CDC) released guidelines for the prescription of opioids in 2016,
updated in 2022 [44]. These updated guidelines recommend treating acute pain with
3 days or less of opioids, stating that rarely more than 7 days of treatment are neces-
sary. From a chronic pain perspective, it also noted that nonpharmacologic and
nonopioid pharmacologic therapy are preferred for chronic pain, and should opioids
be necessary for chronic pain, short-acting agents are the preferred initial treatment
as compared to long acting. A study by Shah et al. in 2017 noted that opioid-naive
and cancer-free patients, the highest probabilities of continued opioid use at 1 and
3 years, were those who were started on long-acting opioids, with those who were
started on tramadol having the second highest probability [45]. It also found that the
risk of chronic opioid use increases with each additional day of medication after the
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second day, and that the risk of chronic use doubles after a second prescription
is given.

The CDC also recommends the use of prescription drug monitoring programs
and drug testing for patients undergoing long-term opioid therapy [44]. The goal is
for evaluation of other prescription medications that may interact with opioids, such
as benzodiazepines and barbiturates, and also monitoring for potential divergence
of opioids and concurrent use of illicit substances. While screening immunoassays
are inexpensive, they tend to have low sensitivities and specificities, leading to inac-
curacies [46, 47]. More accurate definitive tests are available (typically consisting
of gas or liquid chromatography and mass spectroscopy), but are typically more
costly [46]. Lack of the prescribed opioid in the urine may be an indicator that diver-
sion has occurred, but discussion with the testing laboratory should occur for verifi-
cation; the entire picture, including an individual’s risk factors (such as history of
substance abuse), should be evaluated in cases of abnormal results [46, 48].

However, there has been opposition to the CDC recommendations as well, with
some arguing that there are unintended consequences of limiting or reducing opi-
oids in many situations for patients who are already on chronic opioid therapy [49].
For example, dramatically reducing the amount of prescription opioids could pre-
cipitate withdrawal or worsen pain; this, in turn, may encourage patients to seek out
other means of obtaining opioids, either legally from other providers or illegally
obtaining either prescription or recreational opioids.

There also remains the overall question of effectiveness as a chronic long-term
therapy; as implied by the CDC guidelines, opioids avoid much of the risk of toler-
ance and addiction if taken primarily for acute pain. The effectiveness of long-term
opioid use for chronic non-cancer pain has not been well described. A study by
Veiga et al. found in a 2-year prospective study that opioid users reported no
improvement in pain symptoms, physical function, emotional function, or social
disability, though there was patient-reported satisfaction with outcomes [50]. If opi-
oids are prescribed to an individual, some organizations, such as the American
Academy of Physical Medicine and Rehabilitation, suggest that the goal be weighted
towards functional improvement over that of numerical pain relief, include multi-
modal pharmacotherapy, and utilize the lowest opioid dosage to achieve that
goal [51].

For cancer pain, opioids are still commonly used as a primary therapy. Cancer
pain itself is challenging to treat, with pain being significant in 75-90% of patients
with advanced or terminal cancer [52]. The benefit of opioids from an analgesic
perspective typically is seen to outweigh the risks of respiratory depression, addic-
tion, tolerance, etc., for terminally ill patients with their shortened life expectancy.
However, this treatment is not benign, and many patients expire due to the side
effects of aggressive pain treatment during hospice and palliative care—an ethical
principle known as the doctrine of double effect where treatment of pain is the pri-
mary motive rather than the death of a patient [53]. There is also the concern that
opioids may increase tumor growth and angiogenesis and modulate the immune
system, hastening the demise of a cancer patient [54]. While this concern should be
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explained to a patient, patient comfort often outweighs the impact on life expec-
tancy in many cases.

Opioid Use Monitoring Techniques

The safe usage of opioid medications in chronic pain patients requires multiple
forms of surveillance and monitoring. Pain medicine physicians will often treat
patients with incurable conditions that may be managed with long-term opioid ther-
apy. In the past few years, the most influential guideline regarding the use of opioids
in the treatment of chronic pain patients was published by the Centers for Disease
Control and Prevention (CDC) in 2016 and was updated in 2022 [44]. This docu-
ment also provided specific recommendations for opioid use monitoring in patients.

Multiple clinically published guidelines recommend checking prescription drug
monitoring programs (PDMPs) prior to initiation and during the treatment of
patients with opioid therapy [55]. The 2016 CDC guidelines also advise that “clini-
cians should review the patient’s history of controlled substance prescriptions using
state prescription drug monitoring program (PDMP) data to determine whether the
patient is receiving opioid dosages or dangerous combinations that put him or her at
high risk for overdose [44]. Most patients treated for chronic pain will often have a
complex medical history and typically have a medical care team that consists of
various medical specialties. In our current environment of siloed health care in
which physicians do not always communicate, the use of the PDMP is essential.
The pain medicine physician will often be the prescriber of opioid medications and
should have some form of a pain contract or an informed consent for opioid therapy
with their patients. The pain medicine physician often plays a critical role in the
early recognition and prevention of dangerous prescription drug combinations. In
accordance with the CDC guidelines, “clinicians should review PDMP data when
starting opioid therapy for chronic pain and periodically during opioid therapy for
chronic pain, ranging from every prescription to every 3 months” [44].

The use of drug screens for monitoring opioid use in chronic pain patients is an
important tool for clinicians. Drug screens should be used in the initial evaluation of
patients for possible opioid treatment, continued monitoring of compliance, and
documentation of possible aberrant drug behaviors. This task is usually completed
using urine drug screens, but oral fluids may be screened also [56]. Immunoassays
are the most common method for initial urine drug screening because of their low
cost and quick results. These tests, however, can have cross-reactivity with other
prescribed medications, causing false positives for illicit substances. False negatives
may also occur if the concentration of the drug in the sample is below the assay’s
cutoff or if the sample is diluted or adulterated [57]. It is considered best practice to
obtain a confirmatory test on any questionable sample using a more specific test
such as gas chromatography mass spectrometry (GC-MS) or liquid chromatogra-
phy [57].

The importance of the relationship between the pain medicine physician and the
patient is often overlooked as a valuable component of opioid use monitoring in
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patients. Patients should be told why they are undergoing drug screening with opi-
oid therapy to help improve compliance. A good physician-patient relationship can
help navigate difficult scenarios, such as when a patient may have an abnormal drug
screen result. A good relationship can encourage productive communication instead
of immediate termination of an opioid treatment plan. Erroneous or premature dis-
continuation of an opioid treatment plan can increase a patient’s risk of use of illicit
opioids, leading to significant harm and possible development of opioid use disorder.

The CDC 2016 guidelines noted that “clinicians prescribing opioids to chronic
pain patients should include strategies to mitigate risk, including considering offer-
ing naloxone when factors that increase risk for opioid overdose, such as history of
overdose, history of substance use disorder, higher opioid dosages (>50 MME/day),
or concurrent benzodiazepine use, are present” [44]. There can be significant over-
lap between patients with chronic pain and opioid use disorder. In addition to PDMP
checks, drug screens, and pain contracts, some high-risk patients may benefit from
periodic pill counts of their prescribed opioid medication.

Risk of Addiction in Chronic Opioid Therapy

Pain medicine physicians are justifiably concerned about the risk of their patients
becoming addicted to opioid medications. First, it is important to differentiate phys-
ical dependence from opioid addiction. Physical dependence can be simply defined
as the development of tolerance to a drug and the experience of a withdrawal syn-
drome in the absence of the drug [58]. The most useful definition of addiction in
relation to opioid usage is provided by the DSM-V, which stratifies the severity of
opioid use disorder (OUD) by symptoms. Opioid use disorder is defined by the
number of symptoms in the categories of impaired control, social impairment, and
risky use, in addition to having physical dependence. Unfortunately, the majority of
patients who are treated with chronic opioid therapy will develop some level of
physical dependence. A patient’s physical dependence on an opioid medication
alone is not sufficient for the diagnosis of opioid use disorder.

The most commonly associated risk factors for the development of OUD in
patients treated for chronic pain include young age, smoking, poor social support,
personal history of substance abuse, psychological stress, psychological trauma,
psychological disease, psychotropic substance use, focus on opioids, preadolescent
sexual abuse, history of legal problems, history of substance abuse treatment, crav-
ing for prescription drugs, mood swings, and childhood adversity [59, 60].

Prior to the initiation of chronic opioid therapy, it is important to identify patients
most at risk for the development of OUD [28]. It is suggested that the highest risk
of development of OUD is greatest when risk factors in the categories of psychoso-
cial factors, drug-related factors, and genetic factors occur in the same patient. In
the absence of psychosocial comorbidities and genetic predisposition, patients with
chronic pain on a stable regimen of opioid medication in a monitored environment
are not likely to develop OUD. It is known, however, that patients with a personal or
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family history of substance use disorder and psychosocial comorbidity are at higher
risk of developing OUD, especially when not treated in a structured care setting [61].

Most patients treated for chronic pain have a complex medical history. It can be
very challenging for a pain medicine physician to obtain a complete biopsychoso-
cial history to screen for risk factors for addiction in a normal appointment time
frame. The majority of pain medicine physicians will spend their allotted time with
patients obtaining a focused history and physical to determine the etiology of their
pain and to develop a multimodal treatment plan. It can be tremendously beneficial
to use a validated screening tool to help with the risk assessment of patients being
considered for opioid therapy in a limited amount of time.

There are several validated risk assessment tools that have been published to
determine the probability that certain patients will develop non-adherence behav-
iors with prescribed opioid medication that could indicate possible OUD [62].
Prescreening tools that were developed to assess risk in patients being evaluated for
the initiation of opioid therapy include the Opioid Risk Tool [60], Screener and
Opioid Assessment for Patients with Pain [62], and the Diagnosis, Intractability,
Risk, Efficacy [63, 64]. A common assessment tool designed to check for active
signs of OUD in patients currently prescribed opioids is the Current Opioid Misuse
Measure [65].

No single assessment tool will allow for complete accuracy in identifying
patients who will develop opioid use disorder when prescribed opioid medications
for chronic pain [66].

It is important for the pain medicine physician to evaluate the risks and benefits
of opioid therapy in each patient using their best clinical judgment given their
patient’s unique clinical condition, along with currently accepted validated screen-
ing tools.

Addiction Treatments in Patients Suffering from Chronic Pain

Chronic pain patients with comorbid opioid use disorder (OUD) provide a unique
challenge for pain medicine physicians. It is likely that treatment for opioid addic-
tion can exclude these patients from obtaining opioids to manage their pain. It is
important to maximize the usage of nonopioid medications and interventional pain
medicine options in this patient population. There are currently three medications in
the US approved for medication-assisted treatment (MAT) of OUD [67]. These
medications are methadone, buprenorphine, and naltrexone.

Methadone

Methadone is considered the gold standard for treatment of OUD. Methadone is a
full mu receptor opioid agonist that produces dose-dependent sedation, analgesia,
and risk of respiratory depression that can lead to overdose. Methadone has a long
yet variable half-life ranging from 13 to 30 hours. Methadone is known to prolong
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the QT interval in a dose-dependent fashion and can rarely lead to ventricular tachy-
cardia torsades de point [68]. The risk of immediate patient harm with continued
opioid addiction typically far outweighs the risk of side effects with methadone so
that most patients start MAT for OUD without obtaining a baseline EKG. Methadone
prevents withdrawal symptoms and reduces cravings in people addicted to opioids.
It does not cause a euphoric feeling once patients become tolerant to its effects. It is
important for the pain medicine physician to note that methadone can only be pre-
scribed in specially regulated clinics when treating patients primarily for OUD. Most
patients start with a single daily dose of 30 mg of methadone, which adequately
prevents opioid withdrawal for 24 hours [67]. The dose of methadone is gradually
increased by 5-10 mg increments over several days until a patient reaches a stable
dose in which cravings and withdrawal symptoms are completely resolved. Most
patients will require a dose of 60—100 mg of methadone to reach a stable dose that
reduces the risk of relapse and promotes adherence to treatment [69]. Patients with
chronic pain who have developed OUD without history of heroin use will often
require a lower dose of methadone to reach a stable dose.

Buprenorphine

Buprenorphine is widely used to treat OUD in MAT treatment centers and in outpa-
tient physician offices. Buprenorphine is a partial agonist at the mu opioid receptor
with a high binding affinity [70]. Buprenorphine blocks the effects of other opioids,
reduces or eliminates withdrawal symptoms, and reduces cravings. This medication
is typically combined with naloxone for abuse deterrence. Buprenorphine also has
the potential to prolong the QT interval, but EKGs are not routinely obtained in
MAT treatment centers prior to initiation of therapy. Most patients start with an
initial dose of 8 mg, which can prevent opioid withdrawal symptoms for opioid-
dependent patients for 24 hours [71]. The dose of buprenorphine is gradually
increased by 2-4 mg increments over several days until a stable dose that prevents
withdrawals and cravings is reached. Chronic pain patients with OUD without his-
tory of heroin use will typically reach a stable dose at around 16 mg of buprenor-
phine daily [71]. Buprenorphine at higher doses is still far less effective than
methadone at treating OUD patients with illicit heroin usage [67]. Buprenorphine is
an excellent option to treat OUD patients without illicit heroin usage in the office
setting and may allow for more comprehensive treatment of their pain.

Naltrexone

Naltrexone is less frequently used than both buprenorphine and methadone to treat
OUD. Naltrexone is a mu-opioid receptor antagonist and blocks the effects of other
opioids, preventing the feeling of euphoria. It is available from office-based provid-
ers in pill form or as a monthly injection. It can precipitate withdrawal if given to
patients actively dependent on opioids. The initial dose of naltrexone is 25 mg orally
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once daily and is increased to 50 mg daily maintenance dose once the 25 mg dose is
tolerated. It is difficult to induct patients on naltrexone because an abstinence period
is required prior to starting treatment. This leads to poor compliance. Intramuscular
naloxone is dosed at 380 mg once a month. Naltrexone is most effective clinically
as an aid to sustaining abstinence and reducing risk of relapse in patients with
ouD [72].

Pain medicine physicians will undoubtedly see chronic pain patients who develop
OUD, and early referral to treatment programs or initiation of office-based MAT
can be critical to saving a patient’s life.

Summary

The use of opioids has incredible implications in both the chronic and acute pain
settings, as highlighted in this chapter. It is imperative that attention be paid to the
prescribing practices of opioids as this has enormous repercussions in the progres-
sion of addictive behaviors and opioid use disorders. Opioid care plans and monitor-
ing should always be implemented in any long-term practice.
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RIBP Radiation induced brachial plexopathy
SBRT  Stereotactic body radiation therapy
SNM Sacral neuromodulation

Introduction: Definition of Cancer Pain
Tochukwu Ibe and Bhuvaneswari Sandeep Ram

Cancer-related pain is a significant and pervasive issue affecting a large proportion
of cancer patients. While current literature suggests that the prevalence and severity
of cancer pain have declined over the years, approximately 44% of cancer patients
still experience pain at some point during their disease trajectory, with higher rates
in advanced stages [1]. Cancer pain can arise from the tumor itself, treatment-related
interventions, or secondary conditions unrelated to the neoplasm. The complex and
multifaceted nature of cancer pain makes it challenging to manage effectively,
requiring a multidimensional approach that addresses both physical and psychoso-
cial aspects.

Cancer pain is unique in that it may be related to the specific pathophysiology of
the tumor, anatomical location of the tumor, or the treatment of the tumor. As a
result, cancer pain is diverse and can be broadly classified into nociceptive pain
(somatic or visceral), neuropathic pain, or even mixed in nature. Given this com-
plexity, understanding the pathophysiology of cancer pain is critical, as it directly
influences the expected outcome and intensity of pain and guides more targeted
management and as a result can improve patient satisfaction and treatment adher-
ence [2].

Beyond the physical dimensions, cancer pain has a profound impact on psycho-
logical well-being. Psychological factors such as depression, anxiety, and emotional
distress are strongly associated with cancer pain during diagnosis, treatment, and
survivorship [3]. Some survivors are able to overcome these psychological chal-
lenges, particularly with adequate pain management, while others continue to strug-
gle with emotional adjustment during and after treatment. For this reason, the
interplay between physical pain and psychological distress highlights the impor-
tance of integrating mental health support into the overall pain management strategy
to help patients improve their quality of life [4].

The approach to cancer pain management continues to evolve as new therapies
and insights into pain mechanisms emerge. Advancements in pharmacology, includ-
ing the development of targeted therapies for neuropathic pain, and in interventional
procedures, offer new avenues for relieving cancer-related pain while minimizing
adverse effects. Despite these advancements, cancer pain management remains
multifaceted and requires an individualized, multimodal approach incorporating
pharmacological treatments, psychological support, and interventional therapies. A
comprehensive understanding of the various dimensions of cancer pain is essential
for improving patient outcomes, enhancing quality of life, and alleviating the suffer-
ing associated with this debilitating symptom.
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Types of Cancer Pain

Ariana Nelson and Josh Russell

Cancer Related

Pain that is directly related to the neoplasm can be distinctly identified as somatic,
visceral, and/or neuropathic, but the impact on the patient may be experienced in an
array of dimensions. Cancer-related pain may be anatomically or physiologically
mediated but also affects other dimensions [5]. The organic etiology of pain often
occurs because the neoplasm has invaded or affected pain-sensitive tissues, but the
process of experiencing cancer-pain often increases likelihood of depression or
anxiety (the affective dimension) and interferes with mental processing (cognitive
dimension). These factors result in changes to the patient’s behavior and are all
influenced by the sociocultural dimensions of the patient’s experience, which has
long been identified as a dimension neglected by clinicians [6].

Treatment Related

Cancer treatments cause pain symptoms and other adverse effects such as nausea,
anorexia, hair loss, and fatigue. Treatments that most often result in these symptoms
include radiotherapy, chemotherapy, hormonal therapy, and procedural interven-
tions such as surgical excision of primary or metastatic cancerous lesions [7].
Addressing the side effects of treatment-related pain is paramount as the resultant
reduction in quality of life for the patient can reduce patient adherence to these
treatments, with potential impact on survival [8].

Independent of Cancer

Although pain is often the presenting symptom of cancer, in approximately 10% of
patients, the pain is ultimately found to be unrelated to the disease process. After
treatment of the incidentally discovered neoplasm, patients may continue to have
the initial pain, which is most often caused by muscles and connective tissues [9].
Breakthrough pain that is not adequately controlled by the treatments that at base-
line have controlled a patient’s background pain can be more severe in those patients
with other non-cancer related pains. This type of severe pain is more common in the
cancer patient population with the following attributes: English speaking country of
origin, presence of more than one pain generator, co-existing plexopathy, or co-
existing spinal pain syndrome [10].
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Chronic Pain After the Cure of the Disease

Immediately following treatment, most cancer survivors experience a degree of
pain, but this is reduced over time. However, 5-10% of cancer survivors experience
levels of pain that interfere with function in the long-term, a rate that is even higher
in certain sub-populations [11]. In breast cancer survivors, the rate of chronic pain
is 19—41% and 27% in colorectal cancer survivors [12].

In patients with non-terminal cancer or a prognosis longer than 6 months, the
pain specialist should adhere to the principles of the World Health Organization’s
“analgesic ladder” and utilize non-opioid options and multimodal analgesia before
initiating opioid therapy [13]. In patients with longer prognoses, it is important to
regularly assess for signs of substance misuse or opioid use disorder and wean opi-
oids if there is disease response or remission [14]. While opioids are the mainstay
of therapy among analgesic options for patients with cancer-related pain, it is still
worthwhile to consider the type of pain (i.e., neuropathic vs. visceral vs. somatic)
and tailor the choice of agents accordingly. While opioids are most effective for
somatic pain related to cancer, adjuvant medications (e.g., gabapentinoids) are indi-
cated for neuropathic pain related to cancer or chemotherapy induced neuropathy
and have a more desirable side effect profile [15, 16]. Visceral pain is also excep-
tionally difficult to control with opioids alone, while adjuvant medications (e.g.
corticosteroids, antispasmodics) and procedural approaches, such as celiac plexus
neurolysis, often provide superior palliation of symptoms while limiting adverse
effects of high-dose opioids [17].

Evaluation of Patient with Cancer Pain
Functional Assessment
Bhuvaneswari Sandeep Ram

Assessment of functional status is an integral factor in oncological assessment.
Functional impairment directly correlates with pain, complications with cancer
treatments and survival.

It is imperative to delineate patients ADLs (bathing, self-transferring, eating,
etc.) and instrumental ADLs (driving, buying groceries). Functional decline can
occur with the disease process and treatment-related side effects. Functional resil-
ience (ability to recover functional status back to baseline) has also been studied.

Functional assessment tools can be either self-reported (patient or caregiver) or
healthcare provider-based objective assessment.

¢ Self-Reported Measurements include ADL (Katz index), IADL (Lawton scale),
Barthel index (any version), and Patient-Reported Outcomes Measurement
Information System (PROMIS)—global to name a few.

¢ Performance Measurements include Timed Up and Go test, Hand grip strength,
Short Physical Performance Battery, Gait speed, gait assessment, Chair stand
test, and 6-minute walk.
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 Pain disability index is used as a tool to evaluate pain in patients with malignancy.
FACT-G is a self-reported tool which is used to assess healthcare related QOL [18]
and ECOG PS (Eastern Cooperative Oncology Group (ECOG) Performance Status
(PS) scale) is used to assess functional status and ability to tolerate treatment.

Prehabilitation is initiation of functional improvement and targeted exercise ther-
apy at the time of diagnosis, typically prior to surgery and is known to prevent the
impact of treatment and improve functional recovery. Patients with breast, colorec-
tal, and lung cancer showed shorter LOS and improved functional status after surgi-
cal treatment when they were assigned to Prehabilitation programs [19].
Prehabilitation can likely treat functional decline if it occurs.

Psychiatric Evaluation of Patients with Cancer Pain
Nancy Beckman and Amy Siston

Pain is a common side effect of cancer and its treatment and often most distressing
to patients [20]. Multiple biological, psychological, and social variables contribute
to the development and maintenance of cancer pain. Inadequate pain control leads
to increased anxiety, depression, hopelessness, other affective distress, e.g., anger,
frustration [3, 21, 22], and in some cases wish for death and suicide. For many
patients, pain represents progression of disease [3, 23, 24] and causes fear of
increased dependence or disability, or fear of a painful death [25]. Quality of social
support may also impact pain, distress, and disability. To better understand psycho-
logical and social variables, initial evaluation should include assessment of (1)
affective distress; (2) pain severity, coping, and functional impact; (3) behavioral
observation; and (4) type of social support.

Affective Distress

Evaluation of affective distress can be obtained through clinical interview of symp-
toms or standardized assessment, such as with the Patient Health Questionnaire [26]
which screens for symptoms of depression and includes a question about suicidal
thoughts and the Generalized Anxiety Disorder scale [27] which screens for anxi-
ety. Screening can help pain providers quickly identify patients at risk of having a
comorbid psychiatric disorder or suicidal thoughts and appropriately manage and/or
triage to a mental health specialist. It is important to identify and treat comorbid
psychiatric disorders because they are associated with more pain and disability,
poorer treatment response, greater complications, and lower quality of life [28, 29].

Pain

Evaluation of pain can be obtained by patient report and history during initial clini-
cal and/or follow-up appointments. A brief screening instrument (e.g., Pain,
Enjoyment, General Activity scale (PEG-3) [30], or the Distress Thermometer and
Problem List (DT & PL) [31]) can facilitate discussion of the presence and impact
of pain. Additional questions—i.e., “What does the patient think the pain signifies?”
or “How much control does the patient think they have?”—may lead to greater
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understanding of a patient’s pain perception and adjustment [32]. Research suggests
that patients who report benign causes to new or increased pain have reported less
adjustment issues than patients who perceive their pain as an indicator of disease
progression [3]. Patients who report that pain is unrelenting and overwhelming, who
feel helpless in the face of it, and cannot stop thinking about it also tend to report
higher pain and disability [22]. When assessing pain, it is helpful to set SMART
specific, measurable, achievable realistic, and time-limited functional goals (e.g.,
walk for 15 minutes) to measure progress.

Behavioral Observation

The clinician should be sensitive to behaviors that signify non-disclosure of pain,
non-adaptive coping, or underlying affective distress. Facial grimacing, guarding,
rocking or fidgeting, moaning, and/or tearfulness may all be indictors of persistent
pain and accompanied distress that is not being disclosed. Assessment, which may
include identifying behaviors as typical of persistent pain, should be undertaken,
discussed, and appropriately managed.

Social Support

Caregiver response may also influence a patient’s perception and adjustment to
pain. For example, caregivers may respond to a patient’s pain by being dismissive,
overwhelmed themselves, or overly solicitous, e.g., taking over patient roles, which
in turn may inadvertently reinforce pain-related distress and disability [22]. On the
other hand, caregiver support is vital in helping patients adapt to their illness. The
clinician can best understand the role of family/caregiver support through clinical
interview and when appropriate directly asking the family/caregiver to describe how
they respond to the patient’s pain. Caregivers should be included in pain education
and psychosocial interventions to minimize caregiver strain and optimize the benefit
of social support on the patient’s pain management and functioning [33].

Effects of Cancer Treatments on Pain Progression

Monica Malec and Vasyl Herera

Chemotherapy-Associated Pain Syndromes

Chemotherapeutic agents may result in pain progression through administration-
related complications or in relation to the cytotoxic side effects of the agents.

Chemotherapy Infusion-Related Pain (e.g., Extravasation)

Chemotherapy extravasation remains a concerning administration complication,
which can result in burning pain, induration, erythema, and more grievously—
necrosis of the subcutaneous tissues or even more superficial structures. Although
most chemotherapeutic agents have the potential to cause some degree of detriment
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related to extravasation, agents can be further classified based on their vesicant
potential—or the ability to cause severe tissue blistering and necrosis. Management
includes immediate cessation of the infusion and may include attempts at aspirating
the extravasated contents [34].

Cytotoxicity-Related Pain
(i) Chemotherapy-Induced Peripheral Neuropathy (CIPN)

Chemotherapy-induced peripheral neuropathy (CIPN) is a common cytotoxic
complication of chemotherapy on the peripheral nervous system, which results in
sensory-predominant deficits and pain, and may lead to chronic neuropathy. Certain
chemotherapeutic agents—platinum agents, vinca alkaloids, and taxanes—are
well-established in causing CIPN, although other agents have been implicated.
CIPN typically develops within 2 months of initiating chemotherapy and develops
in a dose-dependent fashion. If identified, it usually leads to treatment dose reduc-
tion or discontinuation. A comprehensive review by Staff et al. (2017) describes
well-established causative agents, presentation, differential diagnosis, prevention,
and treatment [35].

Use of duloxetine for CIPN (related to platinum and taxane chemotherapy) has
been evidenced to improve function and pain-related quality-of-life scores in a ran-
domized controlled Phase 3 clinical trial [36]. Other neuropathic-pain medications
(e.g., gabapentin, tricyclics) are used off-label [35].

(i) Hand-Foot Syndrome and Nail-Changes

Hand-foot syndrome (HFS), also known as palmoplantar erythrodysesthesia, can
likewise present as neuropathic pain but is distinguishable from CIPN by dermato-
logic findings from direct capillary microtrauma of cancer treatments. Skin lesions
usually manifest as painful and well-demarcated erythematous plaques. The most
common causative chemotherapeutic agents include pegylated liposomal doxorubi-
cin, capecitabine, and 5-fluorouracil, while a similar skin reaction has been noted
with multikinase inhibitors [37]. Dose reduction and treatment interruption or dis-
continuation are the only reliable management options, with treatment discontinua-
tion typically leading to lesion resolution and skin regeneration in 1-2 weeks.
Supportive therapy such as cold compresses and wound care may be utilized for
pain management [38].

Radiation Therapy-Radiation Therapy-Associated Pain Syndromes

Radiation therapy or radiotherapy (RT) is a mainstay of cancer treatment for the
majority of cancer patients but may be associated with unintended radiation-induced
DNA damage to non-cancerous tissue. This may occur via direct irradiation or the
bystander effect—the concept that irradiated cells release radical oxygen species,
which will alter the metabolic activities and cell signaling pathways of neighboring
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cells [39]. RT can lead to multiple pain syndromes depending on the adjacent
healthy tissue that sustained DNA damage. The following narrative will touch upon
some radiation-induced pain syndromes but is not exhaustive and does not include
important entities like radiation-induced dermatitis, lymphedema, cystitis, and oth-
ers. For further reading, please see a review on radiation therapy-associated toxici-
ties by Wang et al. (2021) [40].

Chest Wall Pain and Fractures

Radiation-induced chest wall pain may be a late complication of stereotactic body
radiotherapy (SBRT) for inoperable neoplastic lesions. Toxicity typically occurs at
a median of 6-9 months after SBRT [41, 42] and may include pain and rib fractures
with varying grades of severity [43]. The severity of chest wall toxicity has been
linked with the irradiated volume to radiation dose relationship [41-43], which may
be considered for treatment planning purposes. If pain develops, it may be focal or
neuropathic in nature [41]. Moderate pain may be targeted with acetaminophen or
anti-inflammatory medications, while severe pain may require opioid medications
or nerve block interventions [44].

Pelvic Fractures

Use of external-beam RT may contribute to incidence of symptomatic insufficiency
pelvic fractures in patients receiving RT for gynecologic malignancies, with a cal-
culated incidence of 13% in one study [45]. This study also noted that most patients
showed good symptomatic response to bedrest and analgesics.

Bone Pain Flares

RT is used for the treatment of painful bone metastases but may precipitate acute
pain flares as treatment is initiated. These flares are likely due to local release of
cytokines, rather than the direct effect of RT, and therefore, dexamethasone has
been demonstrated as an appropriate prophylaxis for radiation-induced pain
flares [46].

Osteoradionecrosis

Radiation can cause serious and painful damage to osseous tissue—described by
several terms including radiation osteitis, radiation necrosis, and osteoradionecrosis
(ORN). ORN is characterized by exposed irradiated bone, through fistulization with
mucosa or skin. The wound remains non-healing for 3 or more months post-
radiation, with symptoms of pain and drainage. The mandible is most commonly
affected, with preceding trauma or dental procedures contributing to greater inci-
dence [47]. Other risk factors include radiation doses of greater than 60 Gy and use
of brachytherapy [47, 48].

Prevention of ORN is important given the identified risk factors. Historically,
patients who required multiple dental extractions or surgically extensive extraction
could be treated with hyperbaric oxygen before and after the procedure. Although a
regimen of pentoxifylline with tocopherol has shown success for prevention and can
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be continued (+/— clodronate) as treatment if ORN develops. Use of antibiotics in
ORN is appropriate with clinical signs of infection [49]. Most patients improve with
conservative measures like chlorhexidine rinses, pain medications, and sequestrec-
tomy—the surgical removal of loose bone fragments [49]. For severe or refractory
cases, free tissue transfer can be considered, while rigid fixation may be an option
for those unfit for reconstructive surgery [50].

Brachial Plexopathy

Radiation-induced neuropathies are less common complications of RT but should
be noted given their late onset. Radiation-induced brachial plexopathy (RIBP) is a
well-described delayed neuropathy, which may arise months to years after RT, with
a mean incidence of 1.8-2.9% per year. RIBP is most commonly seen in patients
who had received radiation for breast cancer but is also found in patients treated for
head and neck cancer, lung cancer, and Hodkin’s disease. It is important to consider
cancer recurrence as the etiology of plexopathy, using modalities like magnetic
resonance imaging (MRI) and positron emission tomography (PET). Patients usu-
ally develop paresthesia or dysesthesia, although neuropathic pain is possible and
may be managed with non-opioid analgesics, benzodiazepines, and neuropathic
agents like tricyclic antidepressants or anti-epileptics [51].

Chemotherapy or Radiation Therapy Associated Syndromes

Mucositis

Oral and gastrointestinal mucositis is a common and potentially devastating side
effect occurring in patients receiving high-dose chemotherapy, radiation therapy, or
both [52-54]. In broad terms, mucositis is characterized by inflammation, erythema,
and ulceration of any mucous membrane. Therefore, radiation-induced esophagitis,
enteritis, and proctitis are all manifestations of GI mucositis. Oral mucositis is a
common complication of head and neck cancer treatment—termed as stomatitis
[52]. The pathophysiology of mucositis is complex—nearly all cell types and the
extracellular matrix are believed to be involved in mucosal barrier injury, and proin-
flammatory cytokines also play a major role in amplifying injury [53].

For patients receiving high-dose chemotherapy with hematopoietic stem cell
transplantation, the incidence of mucositis is close to 100%, while it is around 80%
for patients receiving radiotherapy for head and neck cancer [52]. The severity of
mucosal injury can be classified on internationally recognized scales, with inci-
dence and severity varying greatly based on treatment regimen and modality [53].

Elad et al. (2020) can be referenced for the latest consensus mucositis prevention
and treatment guidelines. The panel recommended use of multi-agent combination
oral care protocols with emphasis on basic oral care for prevention, rather than
endorsing particular agents. Previous panel reviews favored use of transdermal fen-
tanyl and doxepin mouthwashes in specific patient populations with mucositis,
although this was downgraded to “no guidance possible” in the latest guideline [54].
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Surgery-Cancer-Related Surgery-Associated Pain Syndromes

Post-mastectomy Pain

Breast cancer is the most commonly diagnosed cancer in women in the United
States (excluding skin cancers), and advances in breast cancer treatment have led to
improved trends in 5-year survival [55]. Post-mastectomy pain has therefore
emerged as a clinically significant complication of breast cancer treatment, with an
incidence between 20% and 50% in patients that have undergone the procedure
[56, 57].

Post-mastectomy pain syndrome (PMPS) is defined as pain persisting beyond
3 months after the mastectomy procedure [58], although it may persist for years
after treatment [59]. Classically, PMPS is considered to be a neuropathic pain syn-
drome with distribution of pain in the anterolateral thorax, the axilla, or the medial
upper arm. Pain is characteristically burning, shooting, or pressure like, and pares-
thesias may also occur [58], although a broader definition may include pain with
nociceptive characteristics. The syndrome is correlated with myriad other quality of
life complications, such as reduced function, mood disorders, and problems with
sleep and fatigue [56].

Prevention of acute and chronic post-mastectomy pain may benefit from use of
perioperative regional anesthesia. Additionally, local anesthesia (intraoperative
intravenous lidocaine and perioperative EMLA cream) has been demonstrated to
reduce chronic post-mastectomy pain [60]. Treatment of PMPS should integrate
physical therapy, given that multifactorial physical therapy (active exercises and
stretching) has been demonstrated to improve range-of-motion and pain outcomes
[61]. Self-management strategies like group-based education, relaxation training,
and cognitive restructuring may also be helpful [56].

Pharmacotherapy for persistent pain should focus on targeting multiple post-
mastectomy symptoms—Iike concurrent mood disorders or insomnia—with a foun-
dation on neuropathic agents like gabapentinoids, SNRIs (e.g., duloxetine,
venlafaxine), or tricyclic antidepressants. Acetaminophen or NSAIDs may be useful
adjuncts, while long-term opioids are generally not recommended [56]. There is
also evidence for use of injection therapy in reduction of chronic pain scores in post-
mastectomy pain, such as single-injection thoracic paravertebral block and continu-
ous paravertebral nerve block [62, 63].

Post-head and Neck Postoperative Pain

Acute and chronic postoperative orofacial or musculoskeletal pain may result from
numerous surgical procedures for head and neck cancer—the scope of which is
outside of this review. Maxillectomy has been associated with significant pain in up
to 60% of recipients—especially those treated with prosthetic obturation [64]. Neck
dissection surgery is associated with greater pain and function complications with
resection of the spinal accessory nerve (CN XI) [65]. Opioid analgesics are a main-
stay of treatment for nociceptive pain arising postoperatively. Although there is
great variability, pain tends to be the most severe 1-2 months after surgery and
gradually improves over time [66].
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Post-thoracotomy Pain

Chronic post-thoracotomy pain may occur at an even greater incidence than chronic
post-mastectomy pain, with an observed incidence of 30-50% [57]. Intercostal
nerve injury may be the driving insult for post-thoracotomy pain due to rib retrac-
tion when entering the intercostal space or during chest closure [67, 68]. Thoracotomy
surgery is associated with acute postoperative pain, while post-thoracotomy pain
syndrome (PTPS) is defined as persistent pain greater than 2 months after the surgi-
cal procedure [69]. Novel pain may arise in individuals with adequate postoperative
pain control and may persist for months to years [69, 70]. The mechanism of PTPS
is likely a combination of neuropathic and myofascial pain [69]. Similarly to post-
mastectomy pain, use of regional and local anesthesia may help to prevent severe
acute and chronic post-thoracotomy pain, while a multidisciplinary and multimodal
approach of pain management may be necessary for management [60, 69].

Immunotherapy
Bhuvaneswari Sandeep Ram

In cancer patients, the primary and the metastatic lesions cause immunosuppression
to survive the immune system. One of the novel therapies against cancer, immune
therapy is used to trigger the immune system against malignant cells. Immune sys-
tem can be stimulated actively or passively.

Immunotherapy is known to regulate tumor microenvironment and reduce neo-
antigens, hence reduce recurrence [71]. Various forms of immunotherapy include
immune check point inhibitors, adoptive cell therapy, monoclonal antibodies,
immunomodulators, and treatment vaccines. Immunotherapy-related adverse
events, known as IrAEs, can involve multiple systems. Pain related symptoms can
be fatigue, arthralgias, myalgias, and neuropathy.

Most of these are temporary. Treatments include pausing or discontinuation of
immunotherapy for a short term allowing cooling period, administering methyl-
prednisolone and providing immunesuppression [72]. Pain management therapy
includes anti-inflammatory medications, neuropathic agents, and infusion therapy.

Treatments for Cancer Pain
Non-interventional Therapies

Pharmacological Treatments
Tochukwu Ibe and Bhuvaneswari Sandeep Ram

Pharmacological therapies form the foundation of cancer pain management, par-
ticularly when the pain is moderate to severe or when interventional treatments are
not suitable. The World Health Organization (WHO) developed a three-step
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“analgesic ladder,” which remains a guiding principle for treating cancer-related
pain. This approach involves using non-opioid analgesics, such as acetaminophen
and NSAIDs, as the first line of treatment for mild cancer pain, while opioids serve
as the mainstay therapy for moderate to severe pain or for mild pain that is persistent
or unresponsive to non-opioid medications [73].

Acetaminophen can be used alone or in combination with an opioid. However, its
use in oncology patients may be limited due to hepatotoxicity concerns, especially
in those with liver disease. NSAIDs are another common choice, often prescribed
alone, but their use requires careful consideration due to potential side effects like
renal impairment, bleeding, and gastrointestinal upset. The development of selec-
tive COX-2 inhibitors, such as meloxicam and celecoxib (Celebrex), helps to mini-
mize some of the gastrointestinal side effects, although these drugs still require
careful monitoring during initiation.

For neuropathic cancer pain or pain that is resistant to opioids alone, adjuvant
analgesics can provide additional relief when used either alone or in combination
with opioids and non-opioid medications [24, 73]. These adjuvants include anti-
convulsants, such as gabapentin and pregabalin, as well as antidepressants like
duloxetine or amitriptyline, particularly in patients with concurrent depression or
anxiety. While corticosteroids are sometimes used as adjuvants in the manage-
ment of cancer pain, evidence supporting their long-term efficacy is weak, with
pain relief—if any—typically being short-lived [74]. Nevertheless, corticoste-
roids may be considered in patients with poor overall clinical status where other
options are limited.

Ultimately, pharmacological treatments should be tailored to the individual
patient, taking into account the specific pain mechanisms and potential side effects.

Psychological Treatments for Cancer Pain
Nancy Beckman and Amy Siston

Psychological treatments help patients manage cancer pain and the distress that
commonly accompanies it. Cognitive Behavioral Therapy (CBT) teaches patients
about their condition and strategies to manage it such as reframing negative thoughts
about the meaning of cancer and/or pain, problem-solving, goal-setting, and relax-
ation. A promising single, 2-hour class called Empowered Relief (ER), which
teaches pain self-management skills, has shown comparable benefits to CBT [75].
In one study, patients who watched an ER video prior to breast cancer surgery
stopped using opioids 5 days sooner than controls [76]. The use of relaxation with
imagery as part of CBT or alone, as well as hypnosis, is associated with less pain
and distress among cancer patients [77, 78]. Additionally, mindfulness-based thera-
pies encourage purposeful, non-judgmental, present moment awareness and have
shown to reduce stress, depression, fatigue, insomnia, pain perception, and disabil-
ity [79]. Finally, Acceptance and Commitment Therapy (ACT) fosters values-
consistent behavior with the use of acceptance and mindfulness skills [80]. There is
support for the use of ACT for reducing distress and helping people live a meaning-
ful life despite their cancer and pain [81].
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Palliative Interventional Therapies
Tian Yu and Bhuvaneswari Sandeep Ram

Kyphoplasty/Radiofrequency Ablation for Vertebral Malignancies
Kyphoplasty and radiofrequency ablation are minimally invasive therapies aimed at
stabilizing vertebral compression fractures caused by metastatic bone disease.
Indications include painful vertebral fractures from cancers like breast, lung, or
prostate cancer. Kyphoplasty restores vertebral height using bone cement, while
radiofrequency ablation techniques can be utilized to destroy tumor cells and pro-
vide structural support [82]. Patient selection includes individuals with recent,
symptomatic fractures that affect mobility. Side effects include rare complications
like cement leakage or nerve damage. Contraindications involve spinal canal com-
promise, severe vertebral destruction, or uncorrected coagulopathy.

Radiation Therapy for Pain Palliation

Radiation therapy is often used for palliating bone pain due to metastatic cancer,
particularly when tumors press on bones or nerves. Indications include patients with
painful bone metastases, such as those found in the spine, pelvis, or ribs. Patient
selection focuses on those who may not respond well to systemic treatments. Side
effects include fatigue, skin irritation, and potential nerve damage. Contraindications
involve poor performance status or nearby organs at risk from radiation exposure.

Intrathecal Pumps for Intractable Cancer Pain

Intrathecal pumps deliver pain medications directly into the cerebrospinal fluid, sig-
nificantly reducing systemic opioid use [83]. Indications include intractable cancer
pain in patients who fail systemic treatments due to excessive side effects. Patient
selection involves those with longer life expectancy and severe pain from abdominal
or pelvic malignancies. Side effects include infections, catheter dislodgement, and
drug-related complications like respiratory depression. Contraindications include
active infection, coagulopathy, or very limited life expectancy.

Spinal Cord Stimulation (SCS) for Refractory Cancer Pain

SCS modulates pain signals at the spinal level, using electrical impulses to interfere
with the perception of pain. Indications include refractory neuropathic pain from
cancer, particularly post-surgical pain or nerve compression [84]. Patient selection
includes those with a longer prognosis and intact cognitive function to manage the
device. Side effects include lead migration and infection. Contraindications are sys-
temic infections, bleeding disorders, or poor cognitive function.

Sacral Neuromodulation for Pelvic Organ Dysfunction

Sacral neuromodulation (SNM) is used to treat pelvic organ dysfunctions such as
bladder or bowel incontinence caused by cancer or its treatments. Indications
include refractory organ dysfunction due to pelvic malignancies. Patient selection
focuses on those with longer life expectancy and severe incontinence. Side effects
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include pain, infection, and device malfunction. Contraindications include active
infections or anatomical abnormalities that prevent device implantation.

Neurolytic Celiac Plexus Blocks for Visceral Malignancies

Neurolytic celiac plexus blocks involve chemical ablation of the celiac plexus with
ethanol or phenol to disrupt pain transmission from abdominal organs. Indications
are severe, unremitting visceral pain, particularly in pancreatic, gastric, or hepatic
cancers [85]. Patient selection includes those with significant pain unresponsive to
opioids. Side effects include transient hypotension, diarrhea, or inadvertent nerve
damage. Contraindications include coagulopathies, local infections, or altered anat-
omy from prior surgeries.

Sympathetic Blocks for Pelvic Malignancies

Sympathetic nerve blocks such as superior hypogastric plexus and ganglion impart
blocks are used to manage deep pelvic cancer pain [86, 87]. Indications include
patients with refractory pain from pelvic malignancies such as prostate, bladder, or
rectal cancers. Patient selection includes those who fail systemic treatments or can-
not tolerate higher opioid doses. Side effects include transient hypotension, leg
weakness, or bowel/bladder dysfunction. Contraindications include infection, coag-
ulopathy, or distorted anatomy from previous surgery.

Peripheral Nerve Blocks and Stimulators

Peripheral nerve blocks can be effective for managing localized cancer pain, par-
ticularly in patients with somatic pain, such as those with extremity sarcomas or
localized tumor invasion [88]. Indications include patients who experience somatic
pain from cancer that cannot be adequately controlled with systemic medications.
Peripheral nerve stimulators (PNS) can also be utilized in these cases, providing
continuous low-voltage electrical stimulation to the nerve, modulating pain percep-
tion. PNS indications include patients with persistent neuropathic pain that is resis-
tant to nerve blocks or systemic analgesics. The non-opioid nature of this approach
can make it appealing for patients looking to minimize systemic medication use.
Patient selection focuses on individuals with localized pain or neuropathic pain in
the extremities. Side effects of nerve blocks include localized infection, hematoma,
or nerve damage, while peripheral nerve stimulators carry risks like lead migration
and infection. Contraindications include active infection at the site or coagulopathy
that prevents safe application of nerve blocks or implantation of nerve stimulators.

Head and Neck Malignancies: Nerve Blocks

Nerve blocks like sphenopalatine ganglion blocks and cervical nerve blocks are
used for patients with head and neck cancers experiencing severe cranial or facial
pain. Indications include refractory pain caused by tumor invasion or compression
of cranial nerves. Patient selection focuses on those with severe, localized pain. Side
effects include temporary facial numbness or infection. Contraindications include
local infections, coagulopathy, or distorted anatomy.
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Trunk Pain from Malignancies: PECS and TAP Blocks

PECS and TAP blocks targeting localized cancer pain in the chest wall and abdo-
men, respectively, have been described in case reports. PECS blocks are particularly
useful for patients with breast cancer [89], while TAP blocks can be effective for
abdominal malignancies [90]. Indications include localized pain in the chest or
abdomen unresponsive to systemic medications. Patient selection focuses on
patients with localized pain from malignancies or post-surgical complications. Side
effectsarerare but may include infection or local anesthetic toxicity. Contraindications
include active infection or distorted local anatomy from extensive tumor invasion.

Addressing Pain at End of Life and During Active Dying Process
Josh Russell and Ariana Nelson

For any patient with cancer-related pain, an early referral to a trained palliative care
physician is beneficial. Importantly, in patients with newly diagnosed incurable can-
cers, early integration of palliative care into their treatment improved quality of life
measures, decreased rates of depression, and even increased lifespan [91, 92].
Outside of medication management, palliative care physicians are trained to facili-
tate discussions to clarify goals of care, code status, and optimal timing for hospice
enrollment. Improving comfort and functionality are the objectives of palliative
plans of care. Therefore, referral to these specialists should be conducted early in
the disease course, while the patient retains capacity to maximize comfort and pre-
serve functional status.

Ethical Considerations

The management of a patient with cancer-related pain differs markedly from that of
patients with chronic non-cancer pain, namely, because the expected trajectory is
for increasing pain with disease progression. However, ethical considerations
related to the patient and greater society must be considered when making treatment
plans. While desires of the patient are paramount, preventing or alleviating suffering
should be the principal goal of the clinician while counseling patient and family
[93]. The benefit or burden of the treatment must also be considered with respect to
patient’s quality of life and costs of treatment that must be shouldered by patients or
their estates. Similarly, family wishes and ability to care for the debilitated patient
(fiscally and physically) must be assessed [94]. When treating patients with terminal
cancer diagnoses, regimens including opioids are often unavoidable if palliation of
pain is to be achieved. In such cases, liberal up titration of opioids to achieve symp-
tom control is preferable, and clinicians and patients should expect the development
of tolerance as well as dose-dependent side effects (e.g., constipation). However,
use of intrathecal (IT) pump devices, commonly reserved for baclofen therapy in
patients with chronic non-cancer pain due to spasticity, is a desirable option in
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patients with intractable cancer pain despite high doses of systemic opioids. Opioid-
delivering IT pumps are especially beneficial in select patients with known terminal
diagnosis but a prognosis of sufficient survival to maintain a functional status con-
sistent with carrying out their activities of daily living independently, usually at
least 3—6 months. IT delivery will reduce the side effect burden (namely, sedation
and constipation) that patients would experience with high-dose systemic opioids
and can deliver more consistent analgesia due to continuous nature of drug admin-
istration [95].

Admission to Hospice

Qualifying for hospice: Typically, patients must meet the criterion of an abbreviated
prognosis of fewer than 6-month survival and express the desire to prioritize com-
fort over survival. Patients with cancer will experience undesirable pain symptoms
and non-pain symptoms as they approach death. Hospice care has been shown in
qualitative studies to reduce suffering in both pain and non-pain dimension of
QOL [96].

There are four levels of hospice care (medicare.gov):

1. Routine home care: This is the most common level of care in hospice. At this
level, patients are generally stable with adequate control of pain and other
symptoms.

2. General inpatient care: Patients may be admitted for short-term management of
poorly controlled pain of symptoms during an acute crisis. This is generally
provided at either a hospital or a skilled nursing facility.

3. Continuous home care: As an alternative to admission for general inpatient care,
patients may receive short-term continuous management of pain or other symp-
tom crises at home.

4. Respite care: Temporary admission of the patient to a hospital, inpatient hospice
facility, or a skilled nursing facility to provide the primary caregivers of the
patient with a reprieve from their duties in caring for the patient. All other levels
are predicated on patient needs and presentation, but this level of care is depen-
dent on caregiver requirements.

Opioid management during hospice care: If a patient has established that their
principal goal of care is comfort, it is appropriate, based on the principle of double
effect, to rapidly escalate doses of opioids to achieve desired analgesia, accepting
that there may be excessive sedation and/or respiratory depression. If the intent of
increasing opioid dosing is to treat uncontrolled pain and not to accelerate death, the
practice is ethically sound. Liability for consequences of opioid overdose in such
patients is minimal, and this is standard practice for patients enrolled in hospice.
Most patients prioritize comfort over longevity at the end of life, and the general
opinion of patients with terminal diseases is to receive end-of-life care in their
homes rather than at the hospital [97].
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Hospital Death

It is challenging to qualitatively assess the experience of patients that unexpectedly
deteriorate while in the inpatient setting. On occasion the patient may have capacity
to decide to forgo care and pursue hospice, but often this decision will fall to the
person designated as the patient’s durable power of attorney [98]. If the patient has
not made such designations and bereaved family members do not achieve a consen-
sus on the desires of the patient to forgo treatment, it may be necessary to consult
the ethics committee of the healthcare institution. Communication regarding the
treatment, expected prognosis, and honest predictions of the patient’s likely disease
progression are paramount for both the patient and family if the patient has reported
a desire for family to be involved in care [99]. Possessing dual insurance from
Medicare and Medicaid is a risk factor for the undesirable outcome of hospital death
versus death at home [100]. All patients should receive counseling regarding goals
of care during hospice, but special attention is required in this at-risk group.

Death at Home Considerations

The ability of patients to elect to die at home has been available for all of modern
healthcare history and is channeled by the comfort a patient will feel in familiar sur-
roundings during the end-of-life processes that can cause clouded sensorium [101].
Funding for hospice care at home has been supported internationally by govern-
ments as most patients with subacute clinical deterioration wish to spend their final
days in a familiar location [102]. Patients and families that elect to receive end-of-
life care are more likely to die while at home rather than in the hospital compared to
patients receiving usual care. Re-admission to the hospital while receiving hospice
care at home does occur on occasion, but different study populations have shown
different rates [97].

Summary
Ibe Tochukwu and Bhuvaneswari Sandeep Ram

Cancer-related pain is multifaceted and requires a comprehensive approach to man-
agement. Effective treatment involves not only addressing the physical dimensions
of pain but also the emotional, cognitive, and sociocultural factors that influence the
patient’s experience. Pharmacological management remains a cornerstone of treat-
ment, with non-opioid analgesics, opioids, and adjuvant therapies playing essential
roles depending on the type and severity of the pain. Non-interventional therapies
such as these can provide substantial relief, especially when applied in a multimodal
fashion. In cases where pharmacological therapies are insufficient or side effects
become intolerable, interventional therapies offer an additional avenue for relief.
These interventional strategies are valuable for reducing opioid requirements,
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enhancing pain control, and improving the patient’s quality of life. Given the multi-
dimensional nature of cancer pain, psychological and social support must also be
integrated into the treatment plan. Ultimately, the goal of cancer pain management
is to alleviate suffering through individualized treatment plans that combine phar-
macological, interventional, and psychosocial therapies. By addressing the full
spectrum of pain—from its physical causes to its emotional impacts—clinicians can
help patients achieve better functional outcomes and a higher quality of life during
their cancer journey.
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IACS Intra-articular corticosteroid

LAs Local anesthetics

LBP Low back pain

MBB Medial branch blocks

MPC Mesenchymal precursor cell

MPE Methylprednisolone equivalents
MRI Magnetic resonance imaging
NSAIDs Nonsteroid anti-inflammatory drugs
OA Osteoarthritis

PRP Platelet rich plasma

RCT Randomized controlled trial

RFA Radiofrequency ablation

SC Stem cells

SNRB Selective nerve root block

TFESI Transforaminal epidural steroid injection
UsS United States

Introduction

Interventional pain management is a key pillar of comprehensive, multimodal pain
care. A key aspect of high-quality fellowship training includes comprehensive expo-
sure to common interventional pain procedures. This includes didactic-style lec-
tures, observation, and significant hands-on experience to provide safe, effective
high-quality care to patients. Although there can be some variability in terms of
approach, there are comprehensive guidelines and standardized approaches for
most common, foundational interventional procedures. The following section will
discuss medications and products utilized for interventional pain procedures,
approaches to spine procedures, musculoskeletal injections and nerve blocks, and
lesioning procedures involving neurolytic agents and radiofrequency ablation. The
goal of this section is to provide an overview of procedures taught in most fellow-
ship programs and to orient trainees to the breadth of training that can be expected
in most accredited training programs.

Corticosteroids and Local Anesthetics
Paul M. Scholten

Corticosteroids and local anesthetics (LAs) are commonly delivered to intra-
articular, epidural, perineural, and peritendinous locations to manage and diagnose
pain [1-6]. Understanding the pharmacologic properties and risks associated with
these agents is important for optimizing outcomes.
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Corticosteroids

Injected corticosteroids are structurally similar to cortisol and mimic its inhibitory
effects on inflammatory cytokines and immune function [7]. Formulations having
larger particle size and lower solubility (methylprednisolone, triamcinolone, beta-
methasone acetate) are thought to have slower onset and longer duration of action
compared to freely soluble agents (betamethasone sodium phosphate, dexametha-
sone) with quicker onset and shorter duration of action. However, no studies directly
comparing them have shown any significant clinical differences [8].

Given the immunosuppressives properties of corticosteroids, they are contraindi-
cated when injection site infection or bacteremia is present. Additionally, they nega-
tively impact fracture healing and should not be used intra-articularly when fracture
is present. Systemic steroid effects including decreased bone mineral density and
adrenal suppression occur with repeated chronic exposure [7]. Therefore, sites
should not be injected more frequently than every 6 weeks or more than 3 times in
a year [9].

Potential adverse events of steroid use include allergic reactions, infection, flush-
ing, and increased blood glucose levels [7, 8]. Risks specific to the use of triamcino-
lone include local tissue necrosis and tendon rupture and, therefore, its use is limited
to intra-articular procedures [10, 11]. Furthermore, brain and spinal cord infarct
following transforaminal epidural steroid injection (TFESI) have been reported
[12-15], likely due to particulate steroid aggregation and embolization, although a
recent report of infarction following the use of dexamethasone (non-particulate)
[16] suggests that other mechanisms such as direct vascular injury or vasospasm
may play a role. Although rare, the consequences of using particulate steroids for
TFESI appear to be more often catastrophic than when using non-particulate agents,
and given a lack of superiority over non-particulate steroids [17-19], their use
should be avoided.

Local Anesthetics

Amide LAs such as short-acting lidocaine and long-acting bupivacaine and ropiva-
caine are commonly administered to provide periprocedural cutaneous analgesia,
short-term pain relief, and diagnostic information. Adverse events associated with
the use of LAs include allergic reaction and toxicity.

The incidence of true allergy to amide LAs is low [20]; however, patients often
mistake side effects of epinephrine containing LAs such as racing heart rate and
palpitations as an allergic reaction. Careful history taking is essential to establishing
the presence of a true allergy.

The risk of life-threatening systemic LA toxicity is dose-dependent and not
expected with typical doses used in interventional pain procedures. However, even
small amounts of LA injected intrathecally can lead to total spinal anesthesia and if
delivered intraarterially can cause generalized seizures.
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Bupivacaine- and epinephrine-containing LA formulations are chondrotoxic
[20]. Ropivacaine offers a safer (albeit more expensive) long-acting LA alternative
for intra-articular injections. While safe for intra-articular use, ropivacaine should
not be used for epidural injections due to its vasoconstrictive properties and
increased risk of CNS infarction [8, 21].

The properties of commonly used steroids and L As for pain procedures described
here provide a basic framework for selecting the most appropriate agent. Knowledge
gained should help refine these decisions over time.

Blood-Based and Cell-Based Biological Therapies for Back Pain
Dmitri Souza

After decades of basic research, blood- and cell-based biological therapies, also
commonly referred to as Regenerative Medicine, are entering the clinical realm and
becoming one of the most innovative and extraordinary trends in pain medicine
[22]. In the past, successful tissue restoration was believed to require the presence
of polypotent cellular material [23]. In the last decade, however, the role of blood-
and cell-based therapies was found to differ significantly from what was initially
thought. Beyond the traditional stem cell role of producing replicated cells, research-
ers discovered the signaling functions of biological agents [24]. Blood- and cell-
based biological therapies serve as a “toolbox” for tissue repair, delivering a
customized library of signaling factors rather than simply a self-dividing entity
leading to tissue restoration [25]. It is essential to mention that currently, there is no
blood- or cell-based biological treatment that is FDA approved for the treatment of
pain, including chronic back pain (CBP) [26, 27]. However, assessment of current
clinical research suggests that approval of clinical applications is forthcoming [27,
28]. Herein, we will discuss blood- and cell-based biological therapies for
CBP. Chronic back pain is a widespread problem [29, 30]. It is one of the most
encountered chronic pain conditions in the USA and throughout the world [31-33].
It affects young and older adults, the elderly, and even children [34-37]. It is associ-
ated with persistent opioid use [38]. Chronic back pain is a common trigger for
emergency department visits, hospitalizations, and surgery [39]. It is commonly
associated with significant functional and psychological impairment and disability
[29, 30, 36, 39, 40].

A recent systematic review and meta-analysis investigated regenerative proper-
ties of intradiscal injections of platelet-rich plasma (PRP), stem cells (SC), and
other biologic agents [41]. The patient sample included subjects with discogenic
low back pain (LBP) confirmed by provocation discography or clinical and imaging
findings consistent with discogenic pain. The primary outcome was the proportion
of patients with >50% pain relief after intradiscal biologic injection at 6 months.
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Secondary outcomes included >2-point pain score reduction, patient satisfaction,
functional improvement, decreased utilization of other health care including analge-
sics and surgery, and structural disc changes determined with MRI. The study
examined biologic therapies including PRP, SC, microfragmented adipose tissue,
autologous conditioned serum, and amniotic membrane-based injectates. Twelve
studies met established inclusion criteria. The quality of evidence was very low.
One randomized controlled trial (RCT) evaluating PRP was positive but had signifi-
cant methodological flaws [41]. A single trial that evaluated mesenchymal stem
cells was negative. In aggregate, 6-month success rates for PRP were 55% and for
SC—53.5%. The worst-case analysis decreased SC success rate to 40.7%. More
than 30% functional improvement was achieved in 74.3%, but the worst-case analy-
sis decreased it to 44.1%. The authors of the systematic review concluded that some
observational data support the use of intradiscal biologic agents to treat discogenic
LBP. However, the quality was very low [41]. No studies included in this systematic
review reported any serious complications.

Several important RCTs were published after this review [28, 42-45]. One high-
quality multicenter RCT evaluated the safety and efficacy of a single intradiscal
injection of adult allogeneic mesenchymal precursor cells (MPCs) combined with
hyaluronic acid (HA) in a total of 100 subjects with LBP with moderate degenera-
tive disc disease (DDD) for at least 6 months and failing 3 months of conventional
conservative treatment [28]. The patients were randomized to receive six million
MPCs with HA, 18 million MPCs with HA, HA vehicle control, or placebo (saline
control) injections. There were significant differences between the MPCs groups
and control. The MPC therapy was superior to controls in improvement of pain and
function at various time points through 36 months. Both the injection and the treat-
ment were well tolerated, and there were no clinical symptoms of immune reaction
to allogeneic MPCs. One case of severe back pain was potentially related to the
study agent, and one implantation site infection was probably related to the study
intervention. The study demonstrated that intradiscal injection of MPCs “could be a
safe, effective, durable, and minimally invasive therapy for subjects associated with
moderate DDD [28].” Therefore, recent data suggest that intradiscal biologic agents
may be effective treatments for discogenic LBP [46].

Several studies evaluated blood- and cell-based biological therapies on faceto-
genic CBP and radicular pain [43, 44, 47-49]. One RCT demonstrated the superior-
ity of PRP over steroid injections for sacral LBP [50]. A case series and a case report
showed the effectiveness of PRP for coccydynia [51, 52]. Several studies evaluated
prolotherapy for CBP [53-56]. While the studies seem promising, the presented
level of evidence was, overall, low. Studies focused on the safety of blood- and cell-
based biological therapies support safety of this type of treatment [57]. Many sug-
gest, and we agree, that research should focus on developing high-quality clinical
evidence and evaluating safety and long-term outcomes [41, 58—61].
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Spine Injections: Selective Nerve Root Block, Epidural Steroid
Injection, and Transforaminal Epidural Steroid Injection

Jason S. Eldrige

When considering the neuraxial procedures of selective nerve root block (SNRB),
epidural steroid injection (ESI), and transforaminal epidural steroid injection
(TFESI) is it best to first clarify nomenclature. By definition, a SNRB generally
involves targeting of an individual spinal nerve and utilizes a specific technique
designed to provide useful diagnostic information (as opposed to a longer-lasting
therapeutic effect). The goal is to precisely identify which spinal nerve is responsi-
ble for causing painful symptoms, typically in the context of understanding what
sort of surgical intervention will be most helpful to the patient. As such, there needs
to be careful consideration of precision and procedural specificity; the intervention-
alist must use a method to target an identified spinal nerve and ONLY that identified
nerve. The first step is applying appropriate skill using guidance to deploy the nee-
dle safely to the nerve root of interest, including demonstration of anticipated medi-
cation spread with contrast along the nerve root up to the lateral foraminal opening
without evidence of more medial epidural transgression which would allow medica-
tion exposure to additional adjacent anatomy. A further consideration is constrain-
ing injection volume to minimize spread to adjacent anatomy (often 0.5 cc or less)
and utilizing medication types that are focal in their mechanism of action (potent
local anesthetic, such as 2% lidocaine, instead of steroid which may have broad/
systemic effect). Lastly, though the needle is typically more laterally located and
less obliquely angulated than traditional TFESI technique (see below), it is impor-
tant to follow the same safety protocols to avoid transgression of blood vessels
which may perfuse the spinal cord. Failure to consider these factors will at a mini-
mum decrease the specificity of the procedure, thereby reducing its clinical utility.
ESI and TFESI may be considered together, despite technical differences and
unique safety considerations, since the goal of steroid-containing neuraxial proce-
dure is primarily therapeutic instead of diagnostic. ESI generally refers to a midline
or parasagittal needle placement between spinal laminae, whereas TFESI directs the
needle to the lateral foraminal opening with a goal of targeting a specific spinal
nerve or nerves with medication spread that travels medially through the foramen
and into the epidural space. Given these technical considerations, ESI generally
deposits medication in the dorsal epidural space and may facilitate “bilateral” epi-
dural medication spread patterns. Distinctly, TFESI aims at more precise anatomic
localization to facilitate medication spread into the ipsilateral and ventral epidural
space, which includes the spinal nerve DRG and also often the area of physical
contact from a disc or other impinging/sensitizing anatomy. The unique needle posi-
tioning of a TFESI requires unfaltering adherence to certain safeguards to ensure
the most effective and safe outcomes. Particular attention is given to needle posi-
tioning in the dorsal aspect of the foramen primarily to avoid radicular medullary
arteries which anastomose with segmental blood supply to the cord parenchyma via
the anterior spinal artery. Mitigation of this concern is further assured by the loca-
tion of the needle being lateral to the pedicular midpoint in AP fluoroscopic views
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(which also minimizes risk of inadvertent intrathecal spread) and use of a 2% lido-
caine test dose and gross neurological testing prior to steroid administration.
Consideration of using digital subtraction angiography prior to steroid administra-
tion is an additional safety factor worthy of consideration for TFESI.

In closing, let me pass along a few words of wisdom imparted to me during my
own residency training from a prominent anesthesiologist and regional procedural-
ist. While performing a routine intercostal nerve block, Dr. DW advised to aspirate
every 2 cc aliquot—her point was not about systemic toxicity, but rather about
something much more philosophically expansive and clinically important. The
rationale, and further discussion that ensued, highlighted the necessity for develop-
ing best practice habits which are adhered to with absolute consistency.The self-
discipline, and intentionality, to demand exacting technique and be meticulously
attentive to detail for all procedures performed (no matter how simple or routine an
individual procedure may appear) ensures that the highest standard of care is always
maintained, even when tired, post-call, or responding to a stressful/unexpected situ-
ation. Aspiring to Dr. DW’s sage advice has served me well, and I hope “paying it
forward” provides a modicum of benefit to other providers committed to offering
their absolute best to patients every day.

Regenerative Treatment Options for Tendinopathy
Yashar Eshraghi

Tendinopathies are common conditions treated in chronic pain clinics in both athletic
and elderly patient populations. The resulting pain and functional deterioration due to
tendinopathy can have a significant negative impact on patients’ ability to exercise and
work. This condition is caused by repetitive microtrauma resulting in failure of tendon
cells to regenerate normal tendon tissue. Histological findings showed necrotic teno-
cytes, collagen disarray, and neovascularization in injured tendons [62]. Common stan-
dard treatment includes the use of the PRICE principle: Protection, Rest, Ice/cold,
Compression, and Elevation. Other traditional treatment options include rehabilitation
programs, analgesics/nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroid
injections, and surgical interventions [63]. Historical and recent evidence increasingly
refute the commonly used treatments for tendinopathies [64]. The application of regen-
erative biological treatments for ailments of the musculoskeletal system emerged in the
1930s [65]. The purpose of regenerative medicine is to heal a pathologic process by
augmenting the body’s physiology by nature or by means of bioengineering. In contrast
to conventional steroid injections, which are used to modulate pain, these emerging
options are being explored to eliminate/minimize degenerative tissue changes and to
encourage regeneration [66]. The current practice of regenerative medicine encom-
passes prolotherapy and biological agents [67]. The most common chemical procedure
is called prolotherapy, where an irritant such as dextrose or other chemicals is used to
initiate an inflammatory cascade, which is considered to enable a healing process [68].
Biological agents include autologous agents such as platelet-rich plasma (PRP), various
types of cells (mainly stem cells from bone marrow and adipose), or tissue derived from
placenta [69].
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Platelet-rich plasma is obtained by centrifugation of autologous blood and col-
lecting concentrated platelets in plasma. It is considered to apply regenerative effect
by targeted delivery of growth factors and is a promising new treatment for refrac-
tory tendinopathy [65]. Currently, the best indication is chronically painful tendi-
nopathy that has failed to improve despite proper conservative therapy [65].
Currently, the strongest evidence for the efficacy of PRP remains for common
extensor tendinopathy and patellar tendinopathy [70]. However, the evidence for the
benefit of PRP for Achilles, rotator cuff, gluteal, and proximal hamstring tendinopa-
thies is limited and sometimes controversial [70]. Several factors need to be consid-
ered to optimize the outcome of PRP injection. Current research suggests that age,
platelet counts with leukocytes, and pH of the injected product may play an impor-
tant role in optimizing the results of PRP [67]. The use of stem cells in tendon injury
treatment is relatively new and is inspired by in vitro research that mesenchymal
stem cells may differentiate into tenocytes, but clinical studies are inconsistent [64].
Stem cells can be obtained from bone marrow, adipose tissue, or skin [69].

Research in this field has been progressing rapidly though there remains much
controversy surrounding the efficacy of these therapies, as few large randomized
controlled trials (RCTs) exist [64]. The emerging evidence for prolotherapy, PRP,
cellular injections, and, more recently, exosomes have added novel options that
appear to be safe and potentially effective, which patients can consider prior to con-
templating an invasive surgical intervention [66]. Large variability in procedural
protocol should be standardized. However, for such standardization, well-designed
studies need to be continued to characterize targeted and individualized regenera-
tive treatments for tendinopathies [63].

Sympathetic Blocks
Sahil Gupta

The sympathetic nervous system has been connected to multiple types of pain syn-
dromes ranging from neuropathic pain to visceral pain to complex regional pain
syndrome [71]. Blockade of the corresponding sympathetic ganglia has become a
common mode of treatment for diagnosing and treating sympathetically mediated
pain. If the patient experiences pain relief from an initial local anesthetic blockade,
then neurolysis or neuromodulation can be performed to provide long-term pain
relief [72].

Multiple sympathetic ganglia including the sphenopalatine, stellate, paraverte-
bral (thoracic and lumbar), celiac plexus, superior hypogastric plexus, and ganglion
impar are targeted by pain physicians for a variety of pain-related conditions [73].
These ganglions are targeted with the help of imaging techniques including ultraso-
nography and fluoroscopy [73]. The first step in management of sympathetically
mediated pain is to have an accurate diagnosis for such conditions. This is the most
challenging step at times because of the nebulous and varying presentation of such
pain. Sympathetically mediated pain can present with allodynia, muscle atrophy
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and loss of function, abnormal circulation, and temperature and sweat pattern
changes. Diagnosing such conditions can be difficult as these symptoms mimic
various other disorders [74].

Sympathetically mediated pain can be helped in its initial stages with conserva-
tive measures including physical therapy, psychological therapy, and medications.
If the above treatment measures are unsuccessful, then interventions like sympa-
thetic blocks and neuromodulation are considered [75, 76]. Injection of local anes-
thetic for a sympathetic block was first described more than a century ago when a
temporary sphenopalatine block was performed in 1908 for chronic headache syn-
drome by Sluder et al., and by 1912, reports of neurolysis with phenol for prolonged
relief were published [77]. Since then, various sympathetic ganglion targets have
been identified and successfully treated with the use of local anesthetics like lido-
caine, bupivacaine, and ropivacaine, as well as corticosteroids at times for tempo-
rary blockade. Permanent neurolysis with the help of alcohol and phenol is also
performed for a more long-term treatment if initial blockade is successful [78].

To perform temporary or permanent blockade of sympathetic ganglions, imaging
techniques like fluoroscopy and ultrasonography is used. Safe execution of such
injections can only be performed with the help of a detailed understanding of flou-
roantomy and sonoanatomy. Most of the sympathetic ganglions reside close to
important anatomical structures like major blood vessels and, therefore, identifica-
tion of such structures under ultrasound guidance or recognition of appropriate con-
trast patterns under fluoroscopy guidance is imperative for ensuring safe outcomes
[71, 79]. After a sympathetic block, repeat physical examination is useful in confir-
mation of an appropriate block by recognizing signs and symptoms like Horner’s
syndrome in stellate ganglion block, or lower limb temperature changes after a suc-
cessful lumbar sympathetic block [80].

In conclusion, a high degree of suspicion from a trained pain physician is neces-
sary for early recognition and treatment of sympathetic-mediated pain. Once the
decision is made to treat such conditions with sympathetic blocks, a sound anatomi-
cal foundation is needed to safely and accurately perform such injections to provide
the highest standard of care.

Spinal Facet Procedures: Medial Branch Blocks
and Radiofrequency Ablations

Rene Przkora

Rationale

The spinal facet joints can be a common source of spine-related pain. There are
options in interventional pain medicine to test the diagnosis as well as to treat this
condition. Most common diagnostic injections are medial branch blocks (MBBs)
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followed by non-surgical radiofrequency ablations (RFAs) of the medial branch
nerves if the blocks provided temporary relief. As this approach is one of the most
common pain interventions in academic and private practice, pain medicine fellows
should be competent in this approach including the cervical, thoracic, and lum-
bar spine.

The didactic experience can be designed at the discretion of the ACGME-
accredited fellowship program. The fellow must perform cervical, thoracic and lum-
bar facet joint MBBs and RFAs in a lead function in patients with diverse
comorbidities under the supervision of a board-certified faculty member over the
course of the fellowship year to establish a longitudinal experience. The fellow
should receive regular feedback and guidance of her or his progress in compliance
with Accreditation Council for Graduate Medical Education (ACGME) Guidelines.

The skill set required to obtain competency in medial branch blocks and radio-
frequency ablations can be divided into sub-competencies, as suggested below in
the following examples:

Competencies
1. Clinical Condition and Indications

This sub-competency entails identification of patients suffering from a possible
painful facet joint condition including cervicogenic headaches and axial lumbar
back pain. There should be knowledge of the non-interventional diagnostic tools
and differentials as well as the underlying anatomy of the corresponding facet joint
and the medial branch innervation as potential treatment targets.

Understand the patient’s comorbidities and how they can influence the proce-
dures or may reveal a contra-indication. Anticoagulation management (e.g., ASRA
Pain Anticoagulation Guidelines) and cardiac or stimulator devices have to be con-
sidered and managed appropriately (e.g. Cardiac Defibrillator or Spinal Cord
Stimulator Systems).

2. Principles of Medial Branch Blocks and Radiofrequency Ablations

Next to the anatomy, understand how to perform the medial branch blocks, for
example needle size and the volume of the injectate including adjustments if given
for a cervical versus lumbar medial branch block.

Fellows should possess knowledge of the principles of non-surgical ablative pro-
cedures including chemical, cryoneurolysis, pulsed, and thermal radiofrequency
including cooled RF with focus on thermal neurolysis, as treatment approaches to
spinal facet joint pain. Technical knowledge is mandatory about the MBBs and
RFAs, and insurance requirements need to be discussed (e.g., one or two successful
MBBs prior to RFA for authorization and insurance coverage). Radiofrequency
probe size, target temperature, and duration of the lesioning do affect the outcome
of RFAs (Table 8.1).
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Table 8.1 Modified Table 11 from Guidelines for Clinical Practice—Lumbar MBB and RFA [4]

Factor

Patient selection
Failure of conservative
treatment

Injectate volume:

Medial branch block
Imaging:

Medial branch block
Contrast

Sedation

Patient-reported outcomes
Pain relief cut-off

Multiple blocks

Repeat diagnostic MBB for
repeat RFA

RFA technique

Stimulation

Needle size

Temperature

Duration

Multiple lesions and/or
other techniques to increase
lesion size

Clinical practice

Preferably 3 months, but may be less in certain circumstances
(e.g., incapacitating pain with strong suspicion of facetogenic
origin, competitive athlete, military deployment)

<0.5mL

Fluoroscopy
With or without contrast
Not routinely

>50%, with lower cut-offs considered in certain circumstances
(and/or other metrics of improvement achieved, consider
insurance requirements of necessary improvements)

Not routinely (consider insurance requirements)

No

Motor strongly recommended; sensory at discretion of the
physician

Large

80-90 °C

At least 1.5 min

Depends on circumstances

The fellow has to show knowledge of the published guidelines from our pain
societies, such as ASRA Pain Medicine and ASIPP.

3. Equipment and Facilities

Understanding of and familiarity with the necessary equipment are requisite,
including imaging modalities, emergency equipment, and policies. The fellow
should demonstrate knowledge of an effective procedure suite/operating room setup
to perform MBBs and RFAs.

4. Preparation and Performing the Intervention

The fellow has to demonstrate knowledge of the patient, the procedure, and

expectations and instructions including obtaining consent, which requires a detailed
understanding of the potential complications, ranging from post-ablation neuritis to
neurological injury. The fellow has to demonstrate effective communication with
the staff involved and their roles, knowledge and practice of setting up a sterile sur-
gical field, patient positioning and monitoring, knowledge of the RFA generator and
grounding electrode placement, knowledge and application of fluoroscopic needle



192 C.Huntetal.

guidance and radiation safety principles, sterile working conditions, performance of
the procedures, and postoperative monitoring and follow-up.

5. Compliance and Billing

The fellow has to understand the documentation and billing requirements for
MBBs and RFAs including the number of MBBs necessary per insurance require-
ments and obtained temporary pain relief.

6. Outcomes

The fellow has to demonstrate knowledge of the outcomes of MBBs and RFAs
including the capability to formulate these to healthcare professionals as well as
laypersons.

Facet joint interventions are well established for spinal facet joint pain with a record
of accomplishment of efficacy and safety. Based on the nature of the procedure and
the widespread utilization in diverse pain medicine practices, the fellow has to per-
form these interventions in person under supervision over the fellowship year to
gain longitudinal experience including assessment of outcomes and management.

Steroid Injection and Joint Ablation of Large Joints (Shoulder,
Hip, Knee)

D. O. Christy Hunt

Chronic joint pain is a prevalent problem, with knee and hip pain among the most
common areas of pain in the estimated nearly 245 million patients with chronic pain
in the United States [32]. Similar to low back pain, chronic joint pain is associated
with disability and mood symptoms [81-83]. Surgery does not always definitively
relieve pain symptoms: nearly 40% of patients continue to experience postoperative
pain after knee replacement surgery [84], with persistent opioid use following joint
surgery of particular concern [85].

When conservative management is inadequate for managing chronic joint pain
and surgery is not indicated, interventional pain management should be considered.
Herein we will discuss the use of techniques including intra-articular corticosteroid
(IACS) injections and radiofrequency ablation (RFA) of the large joints for manage-
ment of chronic pain of the hip, shoulder, and knee.

Injection of IACS has long been available for the treatment of joint pain due to
arthritis including osteoarthritis (OA) and rheumatoid arthritis [86]. Such
injections are relatively low risk when appropriate dosage and interval of
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methylprednisolone equivalents (MPE) are considered, and the physician is ade-
quately trained in the performance of IACS injections. Risks include bleeding,
infection, and post- procedural pain [87]. Certain types of anesthetics can be dam-
aging to cartilage, thus the use of the least chondrotoxic agent, ropivacaine, is used
in the injectate in combination with steroid [20]. Typically higher particulate ste-
roid is used as this is thought to have longer-lasting effect than non-particulate
steroid and there is no clear safety advantage to the use of non-particulate steroid
in appendicular joint injections. Steroid injection can be performed with or without
image guidance, although the use of ultrasound or fluoroscopy has been associated
with better accuracy [88] and less procedural pain [89]. Long- term outcomes in
combination with recommended conservative strategies including physical therapy
and medications are generally favorable, with guidelines emphasizing the impor-
tance of exercise, weight loss, and self-management strategies for long-term
improvement. Injection of IACS is generally avoided in the perioperative period,
as injection within 3 months prior to joint surgery has been associated with
increased risk of postoperative infection [90].

Radiofrequency neurotomy or radiofrequency ablation (RFA) of the hip, shoul-
der, and knee is a newer technique for the treatment of pain of the native large
joint or in patients with chronic postoperative joint pain [91, 92]. This involves the
creation of a thermal lesion inducing destruction of key sensory nerves supplying
the large joints using image guidance following a positive response to prognostic
nerve blocks using local anesthetic [93]. Risks of large joint RFA are rare but
include bleeding, infection, and post- procedural pain [94]. In addition, injury to
the skin has been described following knee RFA, a greater risk particularly in
patients with very thin body habitus where the location of the probe against the
periosteal target is very superficial [95]. Research is ongoing to identify optimal
candidates for the procedure of RFA in post-surgical patients [96]. Of particular
ongoing interest and study is the optimal approach for genicular RFA, given newer
anatomical studies suggesting wide variability of the location and distribution of
genicular nerves [97].

The Role of Telemedicine as Part of Pain Medicine Care
Terry Hunt II

The Centers for Medicare and Medicaid Services (CMS) announced the expansion
of coverage and payment options for telemedicine services in response to the
COVID-19 pandemic on March 17, 2020 [98], which rapidly disseminated virtual
health services [99]. Telemedicine can be defined as using technologies and tele-
communication systems to administer healthcare to patients geographically sepa-
rated from providers [100]. The implementation of telemedicine in pain medicine
practices and its effect on improving the patient experience by addressing social
determinants of health and reducing disparities [101] suggests that there should be
a role for telemedicine in pain medicine beyond the COVID-19 era.
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Despite the limitations of conducting a physical exam virtually, pain medicine
healthcare professionals interview, observe, and counsel patients with chronic
pain through audiovisual technologies. Telemedicine services include consulta-
tions and return visits with established patients (which may necessitate only a
limited physical examination), diagnostic tests and imaging review, medication
management, pre-procedural education, and e-consults with colleagues. Pain
medicine practices have successfully incorporated these virtual offerings
[102, 103].

Advantages of telemedicine services in the chronic pain population include
increased opportunities to address psychosocial and motivational factors, improved
convenience and access to care, and the ability to provide comprehensive evalua-
tions remotely while bridging gaps in medical care [104].

Behavioral and psychosocial support can be effectively provided through virtual
clinical interactions. For example, opioid safety education and evidence-based
behavioral therapies for chronic pain can be delivered by psychologists and social
workers [105] through telemedicine consistent with evidence-based Centers for
Disease Control and Prevention (CDC) guidelines [106].

Comprehensive evaluations can be offered through virtual office visits.
Multidisciplinary consensus physical examination algorithms exist for headaches
and lumbar and cervical pain [107]. Additionally, telemedicine has been used for
managing chronic pain by utilizing mobile applications and wearable devices to
monitor patient symptoms, physical activity, and adherence to care plans.
Telemedicine interventions are at least moderately beneficial concerning patient
outcomes [108].

Physical therapy can be offered virtually as an essential component of a pain
medicine treatment plan. It has been reported that physical therapy services deliv-
ered via telehealth for select patients produced similar outcomes to in-person care
with lower direct and indirect costs [109].

Patient satisfaction with telemedicine may be higher than face-to-face encoun-
ters when considering transportation challenges, time restrictions, financial limita-
tions, and concerns regarding the medical risk of leaving their homes [110].

Despite the purported benefits of telemedicine in pain medicine practices,
there are challenges and barriers to navigate. Commonly reported barriers from
the patient’s perspective include the need for a fast and stable internet connec-
tion, digital literacy, and engagement. Clinician buy-in and acceptance of tele-
medicine are crucial and often barriers to successful implementation. Commonly
cited concerns include difficulties forming a therapeutic bond with the patient
and communication challenges resulting in misunderstandings and misinterpre-
tations [108].

The future of the successful integration of telemedicine in pain medicine prac-
tices appears promising, assuming the resolution of related regulatory and legal
issues. There is potential for telemedicine to enhance patient experience and improve
patient outcomes while reducing costs for both the patient and healthcare system—
consistent with our collective pursuit of the quadruple aim.
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Conclusion

The preceding sections have outlined foundational knowledge for pain medicine
fellows and provided a “roadmap” for trainees and programs to consider when
acquiring knowledge over the course of a critical year that moves quickly. Facet
procedures, epidural steroid injections, and joint procedures are among the most
common procedures that are performed or considered by pain physicians, and
knowledge of the different types of steroid and local anesthetics, the emerging role
of regenerative medicine, and the importance of navigating a successful telemedi-
cine visit in the post-COVID-19 era should all be considered fundamental in the
armamentarium of the pain physician. We hope that the preceding section provides
a helpful summary of key points for consideration during pain medicine fellowship.
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LSS Lumbar Spinal stenosis

MAC Monitored anesthesia care

MILD  Minimally invasive Lumbar decompression
MRI Magnetic resonance imaging

OVF osteoporotic vertebral fracture

PMMA  polymethylmethacrylate

SCS Spinal cord stimulation

SI Sacroiliac

WDR Wide dynamic Range

Introduction

Pain medicine unifies a broad spectrum of therapies to treat patients suffering from
pain, ranging from integrative, medication, rehabilitative, and interventional
approaches. One of our main advances is in the area of procedures and surgeries to
treat pain. As we pain physicians have a very unique skill set and we provide longi-
tudinal care for our patients, these advanced interventions are well embedded in our
scope of practice. The fellow has to demonstrate proficiency in these procedures if
there is an intent to practice them independently after graduation. The curriculum
can be designed flexible to adjust to the circumstances of each individual fellow-
ship. The curriculum should have didactic sessions and “hands-on” experiences.
The “cross skill” set between most of the advanced interventions will aid tremen-
dously in providing the necessary skill set. For example, many interventions require
fluoroscopic guidance and/or tissue handling ranging from incision to dissection to
hemostasis and layered wound closures.

This document contains suggestions of a curricula and educational experiences
for the fellows to obtain the skill set to practice some or all of the advanced interven-
tions independently at the end of their fellowship year.

We divided this chapter into a General Section and Specific Sections addressing
certain interventions such as neuromodulation or intrathecal drug delivery.

Excursion: Definition Procedure versus Surgery:

One acceptable distinction is that “surgery” does require an incision, whereas a
“procedure” does not. It is important to understand that an “incision” does not nec-
essarily imply a riskier intervention or requiring a “higher” skill set.

General Section

Educational Approach to Advanced Procedures Surgeries
and Competencies

Competency in the advanced pain interventions and surgeries such as lumbar
decompressions (minimally invasive including endoscopically guided), implants,
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ablations, and fusions can be obtained employing a multilayered approach at the
discretion of the ACGME-approved pain medicine fellowship program. Structured
didactics including in-person or as independent study assignments as well as infor-
mal discussions are acceptable to gain subject knowledge.

Simulation can be used to supplement educational experience, for example, a
simulation of a “patient consent” discussion or “emergency—code scenarios.”
Educational events provided by our pain societies such as ASRA Pain are accept-
able in adding knowledge. Events sponsored by the industry or societies which are
heavily depending on industry sponsoring should only be considered if the content
has been reviewed by the ACGME-approved fellowship program faculty. It is rec-
ommended that the presenters of these events do not have any financial relationship
to the sponsoring industry or device manufacturer (e.g., consultant or advisor to the
device manufacturer). The application of the learned knowledge will happen in
direct patient interactions; the longitudinal care provided to patients will assess the
outcomes and will guide initiation of appropriate therapies pending patient’s clini-
cal coursse.

The manual skill set (“hands-on” experience) to perform advanced interventions
safely and successfully can only be learned by direct patient care. Educational labo-
ratories (cadaver and/or mannequin) can assist in this process, especially before the
direct patient interaction to re-enforce the knowledge and gain familiarity with the
necessary surgical tools or suturing techniques. However, these educational labora-
tories cannot replace the direct experience with patients.

Of note, especially the interactions with patients (clinic and procedure suite or
operating room) should always happen under the supervision of a pain medicine
board—certified faculty (e.g., American Board of Anesthesiology) as outlined in the
ACGME guidelines about supervisory requirements. This supervision should be
“direct” initially and can transition to “indirect” supervision per ACMG guidelines
as the fellow demonstrates progress in his/her skill acquirement.

“Direct” supervision: The supervising physician is physically present with the
fellow during the key portions of the patient interaction.

“Indirect” supervision: The supervising physician is not providing physical or
concurrent visual or audio supervision but is immediately available to the fellow for
guidance and is available to provide appropriate direct supervision. (ACGME).

Regular structured and informal feedback about the performance of the fellow
and the progress is crucial to ensure a successful transition to independent practice
by the end of the fellowship year.

Determinants of competency of each intervention are multitude of longitudinal
experiences specific for a certain intervention as well as cross skills, which all
should be considered when reviewing a fellow. The ultimate decision depends on
the individual fellowship program as there are no specific guidelines (e.g., numbers)
by the ACGME.
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Indication of the Intervention

The fellow has to understand the clinical presentation of the patient in total as well
as differentials. Appropriate diagnostic tools have to be employed including imag-
ing. He/she has to formulate long-term expectations and options given the diverse
portfolio of interventions we have in pain medicine. Additionally, Appropriate con-
sultations and referrals should be ordered for surgical interventions in patients with
acute neurological deficits. A multidisciplinary approach has to be integrated into
the long-term care plan for our patients to maximize the outcomes of our
interventions.

Patient Preparation for the Intervention

Knowledge of the entire medical history of the patient is vital. Discussion of the
alternative therapy options, risks, benefits, and expectations including temporary or
permanent postoperative restrictions is crucial in the indication, and finally, the con-
sent process. The fellow has to demonstrate his/her competency under supervision
until he/she can transition to be independent. Knowledge of the patient and the
planned intervention will guide the fellow to make appropriate decisions regarding
perioperative care, need for admission or anesthesiology services, and management
of already implanted devices such as cardiac rhythm devices and stimulator sys-
tems. Postoperative management has to be discussed with the patient and his/her
caregivers/family including postoperative pain control and monitoring for compli-
cations and contact management. Infection is one risk factor of our interventions
and appropriate guidelines should be followed. A preoperative, intraoperative, and
postoperative infection prophylaxis protocol should be implemented based on the
guidelines of our pain societies such as ASRA Pain. Similar thoughts have to be
given to the anticoagulation management of the patient based on his/her comorbidi-
ties, and guidelines should be followed, for example, from ASRA Pain or ASIPP.

Performing the Intervention

Appropriate supervision of the fellow as outlined in the ACGME guidelines (Pain
Medicine) has to be provided by the training program. The responsible faculty has
to have appropriate knowledge and experience in the intervention to be performed.
The fellow has to demonstrate knowledge of the facility, and familiarity with resus-
citation, emergency equipment, and policies is necessary prior to any intervention.
The fellows have to demonstrate appropriate and effective communication with the
team involved, for example, with the nursing staff and the surgical and fluoroscopy
technicians and anesthesiology as deemed necessary to provide a safe and effective
operating room environment. The fellow has to gain competency in setting up the
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procedure suite, for example, appropriate patient positioning and monitoring of the
patient, setup and position of the required imaging equipment, and the sterile field.
The fellow has to demonstrate competency in setting up a surgical sterile field and
maintain a sterile surgical field throughout the procedure. It is important to recog-
nize the indications of necessary surgical instruments and equipment including
tools for incision, hemostasis, suturing materials, and wound closure options. The
patient should be educated on appropriate adjustments to the intervention as neces-
sary. For example, the expansion of an intervention or even the abandonment of the
intervention pending the intra-operative course if this is in the best interest of the
patient.

Cross Skill Set

Cross skills are skills that can be used during the different interventions. These cross
skills are general concepts of patient preparation, positioning, operating room setup,
staff communication, working in a sterile surgical environment, familiarity with the
underlying anatomy, identification of pertinent anatomic points under imaging, set-
ting up and using the endoscope and endoscopic instruments, tissue handling
including dissection, hemostasis, “pocket creation,” tissue closure, and many more
concepts including infection prophylaxis, pain control, and postoperative wound
assessment and complication management.

Follow-Up and Outcomes of the Intervention

The fellow has to demonstrate competency in the follow-up of the intervention,
including determination of a successful outcome or identification and management
of complications. The postoperative period also includes the implementation of
eventual postoperative restrictions, even if temporarily.

Summary

Pain medicine and our ACGME-accredited fellowships have a record of accom-
plishment in procedures and surgeries to treat the most diverse pain conditions. Pain
medicine is always on the forefront of developing, teaching, and implementing
minimally invasive interventions combined with image-guidance to improve out-
comes and safety by minimizing the tissue trauma. In addition, our longitudinal care
approach makes pain medicine the most desired specialty to master the interven-
tions and surgeries mentioned. Appropriate curricula for our fellowships and train-
ing of our fellows under board-certified pain physicians are therefore mandatory to
maintain our excellent expertise.
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Special Considerations
Intrathecal Drug Delivery Systems

Introduction

Intrathecal drug delivery systems (IDDS), or intrathecal pumps, are specialized
devices designed for the management of chronic pain and severe spasticity by deliv-
ering medications directly into the cerebrospinal fluid (CSF) surrounding the spinal
cord. This targeted delivery system allows for lower doses of medication, minimizes
systemic side effects, and provides significant relief where other treatments have
failed. This comprehensive summary explores the technology, mechanism, patient
selection, medications, implantation techniques, complications, and MRI compati-
bility of intrathecal pumps.

Technology Involved

The core technology of intrathecal pumps involves a programmable pump and a
catheter that delivers medication directly to the CSF. These pumps are typically
implanted under the skin in the abdominal area and are connected by a catheter to
the intrathecal space of the spine [1]. Modern pumps are battery-operated and pro-
grammable, allowing healthcare providers to adjust the medication dose as needed
without further invasive procedures. Advances in pump technology have improved
patient outcomes by increasing the precision of drug delivery and reducing the need
for frequent surgical interventions [2].

Mechanism of Action

The efficacy of intrathecal pumps is primarily due to their ability to deliver medica-
tions directly into the CSF, bypassing the blood-brain barrier and reducing the
required dose for pain relief or muscle spasm control. This direct delivery method
impacts the pain-signaling pathways at the spinal level, which can lead to significant
improvements in symptoms with reduced systemic side effects [2-5].

Patient Selection

Selecting appropriate candidates for intrathecal pump therapy is critical for its suc-
cess. Ideal candidates are those with chronic pain or spasticity who have not
responded to less invasive treatments. Conditions frequently treated with intrathecal
pumps include severe chronic pain (non-cancer and cancer-related) and muscle
spasticity due to neurological disorders such as multiple sclerosis or spinal cord
injury. Prospective patients undergo a comprehensive evaluation including psycho-
logical assessment and a trial phase to gauge the potential effectiveness of the ther-
apy before permanent pump implantation [1].

Common Medications Used
The types of medications delivered through an intrathecal pump can vary depending
on the patient’s condition and specific needs. There are three FDA-approved drugs
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for ITP: Morphine, Ziconotide, and baclofen. However, many other drugs are used
on a regular basis. The most commonly used medications include:

1. Opioids: Morphine, hydromorphone, and fentanyl are the most frequently used
opioids in intrathecal therapy. These drugs bind to mu-opioid receptors in the
spinal cord, inhibiting the transmission of pain signals. Intrathecal opioids are
particularly effective for managing severe cancer pain and chronic non-cancer
pain that has not responded to oral or systemic opioids.

2. Local anesthetics: Bupivacaine and ropivacaine are local anesthetics used to
block nerve conduction by inhibiting sodium channels. These medications are
often used in combination with opioids to enhance pain relief and reduce opioid
dosages, minimizing the risk of side effects.

3. Ziconotide: Ziconotide is a non-opioid analgesic derived from cone snail venom
that blocks N-type calcium channels, reducing neurotransmitter release and pain
transmission. It is used in patients who are intolerant to opioids or who require
an alternative treatment for severe chronic pain.

4. Baclofen: Baclofen is a GABA-B receptor agonist used to treat severe spasticity
by reducing the release of excitatory neurotransmitters in the spinal cord.
Intrathecal baclofen is highly effective in patients with spasticity related to mul-
tiple sclerosis, cerebral palsy, or spinal cord injury, providing significant relief
with lower doses compared to oral administration.

5. Clonidine: Clonidine is an alpha-2 adrenergic agonist that enhances the analge-
sic effects of opioids and local anesthetics by modulating pain pathways in the
spinal cord. It is often used as an adjunct to other medications in patients with
complex pain syndromes [5].

Trial and Implantation Techniques

The trial phase involves temporary intrathecal delivery of medication to confirm the
effectiveness and appropriate dosing. Trials can either be done with a single injec-
tion of medication in the same fashion as a spinal anesthesia is administered, or a
catheter can be placed intrathecally or epidurally with titration of the a medication
infusion. If the trial is successful, indicating significant symptom relief with man-
ageable side effects, the permanent pump is then implanted through a surgical pro-
cedure. This surgery typically requires general anesthesia and involves placing the
pump in the abdomen and the catheter in the intrathecal space connected to the

pump [2].

Complications
While intrathecal pumps are generally safe, they are not without risks. Complications
can be categorized into surgical, device-related, and medication-related issues.

1. Surgical Complications: These include infection, bleeding, CSF leak, and
catheter-related issues such as dislodgement or migration. Infections are a sig-
nificant concern and can occur at the incision site, catheter entry point, or within
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the intrathecal space. Most infections can be managed with antibiotics, but
severe cases may require device explantation.

2. Device-Related Complications: These involve hardware issues such as pump
malfunction, battery failure, or catheter kinking or breakage. Catheter-related
complications can result in inadequate drug delivery, leading to loss of pain con-
trol or increased spasticity. Pump malfunctions, although rare, can occur and
may require surgical intervention to replace or repair the device.

3. Medication-Related Complications: The use of intrathecal medications can lead
to adverse effects, including respiratory depression, overdose, withdrawal symp-
toms, and neurotoxicity. Careful monitoring of drug dosage and patient response
is essential to minimize these risks. Additionally, granuloma formation at the
catheter tip can occur with long-term opioid use, potentially leading to catheter
occlusion and loss of drug efficacy.

4. Granuloma Formation: Granulomas, which are inflammatory masses that can
develop at the catheter tip, are a potential complication of long-term intrathecal
opioid therapy. These masses can obstruct drug delivery and lead to loss of pain
control. Regular imaging and monitoring are necessary to detect and manage
granulomas early.

5. Overdose and Withdrawal: Because intrathecal pumps deliver medication con-
tinuously, there is a risk of overdose if the pump malfunctions or is programmed
incorrectly. Conversely, abrupt discontinuation of intrathecal therapy can lead to
withdrawal symptoms. Clinicians must carefully monitor and adjust drug deliv-
ery to avoid these complications [2].

MRI Compatibility

Given the prevalence of MRI in medical diagnostics, compatibility with MRI is
essential. Most modern intrathecal pumps are designed to be MRI-conditional,
meaning they can withstand certain MRI environments under specific conditions
related to the magnetic field strength and type of MRI machine. Patients must con-
sult healthcare providers to ensure MRI compatibility and proper settings of the
pump before undergoing an MRI scan [6, 7].

Conclusion

Intrathecal pumps offer a significant improvement in quality of life for patients with
severe chronic pain or spasticity, providing a targeted method of drug delivery that
is both effective and efficient. Ongoing advancements in technology and a deeper
understanding of the optimal application of these devices continue to enhance their
efficacy and safety. However, careful patient selection, adherence to trial protocols,
and management of potential complications are crucial for the success of intrathecal
pump therapy. Healthcare providers must remain vigilant in monitoring these sys-
tems to maximize patient benefits and minimize risks.
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Lumbar Interspinous Spacers

Introduction

Lumbar interspinous spacers (LIS) are minimally invasive devices used in the man-
agement of lumbar spinal stenosis (LSS), a degenerative condition where narrowing
of the spinal canal leads to nerve compression, neurogenic claudication, and func-
tional impairment. This condition commonly affects older adults and can signifi-
cantly impact mobility and quality of life. Lumbar interspinous spacers provide an
alternative to traditional decompressive surgeries, such as laminectomy, by offering
a less invasive option that is particularly beneficial for patients with significant
comorbidities who may not tolerate open surgery well. The primary goal of LIS is
to maintain or increase the space between vertebrae, thereby alleviating pressure on
spinal nerves and improving symptoms such as pain, numbness, and reduced walk-
ing tolerance.

Mechanism of Action

Interspinous spacers function by mechanically distracting the spinous processes of
adjacent vertebrae, which increases the dimensions of the intervertebral foramen
and the spinal canal. This distraction helps to decompress the neural elements with-
out the need for extensive bone or soft tissue removal, as required in traditional
decompressive surgeries. By limiting excessive lumbar extension—a movement
that often exacerbates symptoms in patients with LSS—the spacers stabilize the
affected spinal segment while preserving the overall biomechanics of the spine.
This approach provides relief from neurogenic claudication and allows for improved
mobility during activities like walking and standing, which are typically challeng-
ing for individuals with LSS [8].

Studies and meta-analyses have shown that interspinous spacers can reduce
operation time and lower the likelihood of complications such as dural violations
compared to more invasive decompressive surgeries [9]. The ability to perform
these procedures under local anesthesia or with light sedation further enhances their
appeal for patients with higher surgical risk profiles, making LIS a suitable choice
for reducing perioperative risks in a broader range of patients.

Patient Selection
Selecting appropriate patients for interspinous spacer implantation is critical for
achieving successful outcomes. Ideal candidates typically include those with mild
to moderate lumbar spinal stenosis at one or two vertebral levels. These patients
often present with neurogenic claudication that is relieved by forward flexion, such
as sitting or leaning forward. Such symptoms are characteristic of lumbar spinal
stenosis and are effectively managed by spacers. Patients who may benefit the most
are often elderly and have comorbid conditions, such as cardiovascular disease,
pulmonary conditions, or are on anticoagulant therapy, which elevate their risk for
traditional open surgeries.

Contraindications for spacer use include significant spinal instability, high-grade
spondylolisthesis (greater than grade I), multilevel stenosis beyond what can be
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managed with spacers, and severe osteoporosis, which could compromise the
spine’s structural integrity. Detailed preoperative imaging, such as MRI and CT
scans, is essential to confirm the diagnosis and assess the suitability of the spacer
based on the patient’s specific anatomical characteristics. This thorough evaluation
helps in tailoring the surgical approach to the patient’s needs, optimizing the chances
of a successful outcome [8].

Intraoperative Techniques

The insertion of lumbar interspinous spacers is typically performed under local
anesthesia with sedation or general anesthesia, depending on the patient’s health
status and preferences. The procedure involves a small midline incision over the
affected level of the spine, with minimal dissection required to expose the interspi-
nous ligament. Specialized instruments are used to insert the spacer between the
spinous processes, and intraoperative fluoroscopy is employed to confirm correct
positioning. This minimally invasive approach is associated with shorter operative
times and reduced risks of complications, such as dural tears or cerebrospinal fluid
leaks, compared to traditional decompressive surgeries.

One of the key benefits of this procedure is the limited tissue disruption, which
often results in quicker recovery times and lower overall morbidity. Patients under-
going spacer placement typically experience less postoperative pain, reduced need
for opioid medications, and a faster return to normal activities compared to those
undergoing more invasive spinal surgeries. The reduced impact on surrounding tis-
sues also makes LIS an attractive option for patients who are looking for a less
intensive intervention with a shorter recovery period [9].

Complications

While lumbar interspinous spacers are generally safe and effective, they are not
without potential complications. Issues such as device migration, dislodgement, or
fracture can occur, necessitating further intervention. Another consideration is adja-
cent segment disease, where increased stress on neighboring spinal levels may lead
to new symptoms over time. However, these complications are relatively rare, and
the overall safety profile of spacers remains favorable, particularly in populations at
higher risk for traditional surgical approaches. Compared to open decompressive
surgeries, spacers offer benefits such as reduced operation time, lower risk of dural
violations, and decreased overall surgical morbidity [9].

Conclusion

Lumbar interspinous spacers offer a minimally invasive alternative for the treatment
of lumbar spinal stenosis, especially in patients with significant comorbidities that
preclude traditional open surgical options. By providing effective symptom relief
with fewer intraoperative risks and a faster recovery, these spacers can greatly
improve the quality of life for appropriately selected patients. As with any medical
intervention, careful patient selection and thorough preoperative assessment are
essential to optimize outcomes. Further research, particularly long-term
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comparative studies, will help refine patient selection criteria and enhance the
understanding of the spacers’ efficacy in managing lumbar spinal stenosis.

Minimally Invasive Lumbar Decompression (MILD)

Introduction

Lumbar spinal stenosis (LSS) is a prevalent condition characterized by the narrow-
ing of the spinal canal, leading to compression of neural and vascular elements in
the lumbar spine. It often results in chronic pain, radiating leg pain, and neurogenic
claudication, which significantly impair the quality of life. Traditional surgical
treatments, such as laminectomy, can be invasive with considerable complications,
making minimally invasive procedures an attractive alternative. Minimally invasive
lumbar decompression (MILD) is a percutaneous procedure designed to relieve
symptoms of LSS by removing portions of the hypertrophied ligamentum flavum,
thus enlarging the spinal canal and reducing neural compression. MILD is particu-
larly suitable for patients who are refractory to conservative treatments but are either
unfit or unwilling to undergo more invasive surgeries.

Mechanism of Action

The primary goal of MILD is to reduce compression of neural elements by debulk-
ing the ligamentum flavum, a common contributor to LSS. The procedure involves
the insertion of specialized instruments through a small incision under fluoroscopic
guidance. An epidurogram is often used to identify the borders of the dural and
epidural spaces, ensuring the safe removal of hypertrophic tissue. By targeting the
thickened ligamentum flavum, MILD alleviates nerve compression without signifi-
cant disruption to the surrounding structures, such as bone or muscles. This approach
minimizes postoperative pain and preserves spinal stability, making it a viable
option for patients with specific anatomical features of stenosis.

Long-Term Durability

Recent long-term studies have confirmed the durability of MILD over a 5-year fol-
low-up period, demonstrating its efficacy in providing significant pain relief and
reducing the need for further surgical interventions. A retrospective study at the
Cleveland Clinic included 75 patients who underwent MILD for LSS with hypertro-
phic ligamentum flavum. The results showed that only 12% of these patients
required subsequent open lumbar decompression surgery within 5 years, represent-
ing an annual incidence rate of 2.4% [10]. This finding underscores the long-term
benefits of MILD, highlighting its ability to significantly reduce the need for more
invasive surgeries while providing sustained symptomatic relief.

Additionally, the study reported statistically significant reductions in pain levels
and opioid use at 3-, 6-, and 12-months post-procedure, further supporting the effec-
tiveness of MILD in managing chronic pain associated with LSS [10]. The reduced
reliance on opioids also suggests potential benefits in terms of quality of life and the
broader implications of long-term opioid use in chronic pain management.
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Patient Selection

Patient selection is crucial for the success of MILD. Ideal candidates are those with
symptomatic LSS presenting with neurogenic claudication who have failed conser-
vative treatments such as physical therapy, oral medications, or epidural steroid
injections. Radiologic evidence of lumbar spinal stenosis, such as ligamentum fla-
vum thickness greater than 2.5 mm, supports the use of MILD. Contraindications
include prior surgery at the target level, lumbar spondylolisthesis greater than Grade
1, significant symptomatic disc protrusion, and inability to tolerate prone position-
ing during the procedure. Additionally, patients on anticoagulation therapy or those
with bleeding disorders are generally excluded due to the increased risk of
complications.

Intraoperative Considerations

The MILD procedure is typically performed under local anesthesia with sedation,
which reduces the risks associated with general anesthesia, especially in elderly
patients or those with multiple comorbidities. Intraoperatively, fluoroscopy is used
to guide the insertion of specialized instruments, such as a bone rongeur and tissue
sculptor, to remove hypertrophic ligamentum flavum through a small incision. The
use of an epidurogram is recommended in many studies to ensure safe decompres-
sion by delineating the epidural space and monitoring the flow of contrast medium.
The goal is to achieve sufficient decompression without compromising the integrity
of the inner layer of the ligamentum flavum, which helps maintain the structural
stability of the spine.

Complications

MILD is associated with a low complication rate, especially compared to more
invasive spinal surgeries. Reported complications are typically minor and include
localized soreness at the incision site and transient postoperative bleeding. Serious
complications such as dural tears, significant hemorrhage, or nerve root injury are
rare. The minimally invasive nature of the procedure reduces the risk of postopera-
tive epidural fibrosis and adhesion, which are common issues in more extensive
decompressive surgeries. Long-term complications are not well documented due to
the relatively recent adoption of MILD, but current evidence suggests that it is a safe
and effective option for properly selected patients.

Conclusion

Minimally Invasive Lumbar Decompression represents a valuable addition to the
spectrum of treatments available for lumbar spinal stenosis. It offers significant pain
relief and functional improvement with minimal risk and invasiveness, making it
particularly suitable for patients who are not candidates for open surgery. While the
procedure is not without its limitations, including a variable response rate and spe-
cific anatomical indications, the benefits of reduced recovery time, lower complica-
tion rates, and preservation of spinal stability make MILD a compelling option for
many patients with LSS. Ongoing research is needed to further refine patient
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selection criteria and to compare MILD directly with other minimally invasive spi-
nal interventions.

Neuromodaulation: Spinal Cord Stimulation

Introduction

Spinal cord stimulation (SCS) is an established neuromodulation therapy used to
manage chronic pain that has been refractory to conventional medical treatments.
Since its introduction in the 1960s, SCS has evolved significantly with advance-
ments in technology, patient selection criteria, and implantation techniques. The
goal of SCS is to reduce pain, improve the quality of life, and decrease reliance on
pain medications.

Technology Involved

The technology behind spinal cord stimulation involves a system that consists of
three main components: an implanted pulse generator (IPG), electrodes (leads), and
an external controller. The IPG, typically implanted in the gluteal region, generates
electrical pulses that are transmitted to the spinal cord via the leads placed in the
epidural space. These pulses modulate nerve activity to reduce the perception of
pain [11].

Modern SCS devices have evolved to include rechargeable IPGs, feedback loops,
multiple stimulation programs, and advanced waveform capabilities such as burst
and high-frequency stimulation. Burst stimulation delivers electrical impulses in
closely spaced groups followed by pauses, mimicking natural nerve firing patterns,
which some studies suggest may be more effective in certain patients. High-
frequency stimulation (10 kHz) pioneered pain relief without the paresthesia (tin-
gling sensation) associated with traditional SCS [12]. There are many other
waveforms that are paresthesia free.

Mechanism of Action
The exact mechanism by which SCS alleviates pain is not fully understood, but
several theories have been proposed. The most widely accepted theory is the Gate
Control Theory of Pain, introduced by Melzack and Wall in 1965. According to this
theory, SCS works by activating the dorsal columns of the spinal cord, which in turn
inhibits the transmission of pain signals through the spinothalamic tract. This pro-
cess effectively “closes the gate” to pain signals before they reach the brain.
Additionally, SCS may induce the release of inhibitory neurotransmitters like
gamma-aminobutyric acid (GABA) and serotonin, contributing to its analgesic
effects. Recent research also suggests that SCS may modulate central sensitization
and alter pain processing at the cortical level [13].

Patient Selection
Patient selection is crucial for the success of SCS therapy. Ideal candidates are those
with chronic, intractable pain that has not responded to conservative treatments,
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including physical therapy, medications, and less invasive interventions like nerve
blocks. The most common indications for SCS include failed back surgery syn-
drome (FBSS), complex regional pain syndrome (CRPS), and peripheral neuropa-
thy [11].

A multidisciplinary approach involving pain specialists, neurosurgeons, and psy-
chologistsis oftenemployed to assess the suitability of patients for SCS. Psychological
evaluation is particularly important, as conditions like depression, anxiety, or unre-
alistic expectations can negatively impact outcomes. Trial stimulation is a key com-
ponent of the selection process, where temporary leads are placed to test the efficacy
of the stimulation before committing to permanent implantation [14].

Trial and Implantation Technique

The trial phase involves the percutaneous placement of temporary leads in the epi-
dural space under fluoroscopic guidance. The patient typically undergoes a one- to
two-week trial period during which pain relief, functional improvement, and any
side effects are closely monitored. Success in the trial phase, usually defined as at
least a 50% reduction in pain and/or 50% increased functionality, is a prerequisite
for permanent implantation [15, 16].

Permanent implantation involves a similar technique, with the placement of
leads either percutaneously or through a laminotomy, depending on the specific case
and physician preference. The leads are then connected to the IPG, which is
implanted subcutaneously, usually in the lower abdomen or buttock. The entire pro-
cedure is typically done under local anesthesia with sedation or general anesthe-
sia [17].

Postoperative programming of the IPG is critical, as the device needs to be tai-
lored to the patient’s specific pain patterns. Patients can adjust the stimulation set-
tings using an external controller, allowing for individualized pain management.

Complications
While SCS is generally considered safe, it is not without risks. Complications can
be categorized into surgical, device-related, and biological.

1. Surgical complications include infection, bleeding, CSF leak, and lead migra-
tion. Lead migration, in particular, can lead to loss of efficacy, requiring revision
surgery.

2. Device-related complications involve hardware failure, such as battery deple-
tion, lead fractures, or IPG malfunction. Advances in SCS technology, such as
improved lead design and longer-lasting batteries, have reduced the incidence of
these complications.

3. Biological complications encompass issues like painful stimulation, develop-
ment of granulomas, or exacerbation of pain. Neuropathic pain at the IPG site,
although rare, can also occur.
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Infections remain a significant concern, with an incidence rate ranging from 3%
to 10%. Most infections are managed with antibiotics, but in severe cases, device
explantation may be necessary [18, 19].

MRI Compatibility

Traditionally, one of the major limitations of SCS has been the incompatibility of
the implanted devices with magnetic resonance imaging (MRI), a diagnostic tool
crucial for patients with chronic pain conditions. The presence of metallic compo-
nents in the SCS system can lead to significant safety hazards during MRI, includ-
ing heating of the device, movement of the leads, or image distortion.

However, recent advancements in SCS technology have led to the development
of MRI-conditional devices. These devices are designed to be safe under specific
MRI conditions, such as limiting the MRI scanner’s power and ensuring the device
is programmed to MRI-safe settings during the scan. Current MRI-compatible SCS
systems allow for full-body scans, which is a significant advancement over earlier
systems that restricted scanning to specific areas.

Clinical guidelines now recommend MRI-conditional SCS systems for patients
who are likely to require MRI imaging in the future. These systems have undergone
rigorous testing to ensure patient safety during MRI procedures, though certain pre-
cautions, such as constant monitoring during the scan, are still recommended
[20-23].

Conclusion

Spinal cord stimulation has become an invaluable tool in the management of chronic
pain, offering a viable option for patients who have exhausted other treatment
modalities. The evolution of SCS technology, combined with a thorough under-
standing of patient selection, trial, and implantation techniques, has significantly
improved patient outcomes. However, the potential for complications and the need
for MRI compatibility must be carefully considered in the decision-making process.
Ongoing research and technological advancements continue to refine the applica-
tion of SCS, making it an ever more precise and effective therapy for chronic pain
management.

Neuromodulation: Dorsal Root Ganglion Stimulation

Introduction

Dorsal root ganglion (DRG) stimulation is a relatively recent advancement in the
field of neuromodulation, specifically designed to treat chronic, intractable pain that
is often unresponsive to traditional therapies. Introduced in the early 2010s, DRG
stimulation has garnered attention for its targeted approach and efficacy in treating
conditions such as complex regional pain syndrome (CRPS) and chronic postopera-
tive pain. Unlike spinal cord stimulation (SCS), which modulates pain by targeting
the spinal cord, DRG stimulation specifically targets the dorsal root ganglion—a
cluster of nerve cell bodies located at the junction of the spinal nerve and spinal
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cord. This focused approach allows for more precise pain relief, especially in areas
that are traditionally difficult to treat.

Technology Involved

The technology behind DRG stimulation is similar in many ways to that of SCS but
with some key differences. The DRG stimulation system comprises three main
components: a pulse generator (IPG), leads with electrodes, and an external
programmer.

1. Implanted Pulse Generator (IPG): The IPG is a battery-powered device that gen-
erates electrical pulses. These pulses are delivered to the dorsal root ganglion via
the leads and electrodes. Modern IPGs are typically rechargeable and can be
programmed to deliver a range of stimulation waveforms, including tonic, burst,
and high-frequency stimulation, depending on the patient’s needs.

2. Leads and Electrodes: The leads are thin, flexible wires with electrodes at their
tips, which are placed near the dorsal root ganglia. Unlike traditional SCS, where
the leads are placed in the epidural space, DRG leads are positioned closer to the
spinal nerves, allowing for more precise targeting of specific pain areas. DRG
leads are much thinner than traditional SCS leads.

3. External Programmer: This device allows the patient and clinician to adjust the
stimulation parameters post-implantation. The ability to fine-tune the stimula-
tion is crucial for achieving optimal pain relief while minimizing side effects.

DRG stimulation systems have evolved to include enhanced programming fea-
tures and more sophisticated leads that minimize migration—a common issue in
earlier neuromodulation devices. The ability to precisely target the DRG enables the
system to address pain in specific body regions, such as the groin, knee, and foot,
which are challenging to manage with SCS. This form of focused energy delivery
reduces battery consumption up to 92.5% less than SCS and drastically extending
pulse generator lifespan [24].

Mechanism of Action
The dorsal root ganglion plays a critical role in the transmission of sensory signals,
including pain, from the peripheral nerves to the central nervous system. By target-
ing the DRG, this stimulation method can modulate the transmission of pain signals
at a very focal level.

The exact mechanism by which DRG stimulation alleviates pain is not fully
understood, but several hypotheses have been proposed:

1. Inhibition of Pathological Nerve Activity: Chronic pain is often associated with
abnormal, spontaneous nerve activity. DRG stimulation may inhibit this patho-
logical activity by stabilizing the electrical environment around the neurons in
the DRG, thereby reducing pain.

2. Neuroplastic Changes: Similar to other forms of neuromodulation, DRG stimu-
lation may induce neuroplastic changes in the nervous system, which can lead to
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long-term alterations in pain perception. This effect may be due to the repetitive
activation of certain neural pathways, which could reinforce non-painful sensa-
tions over time.

3. Modulation of Sensory Transmission: The DRG serves as a gateway for sensory
information traveling from the peripheral nerves to the central nervous system.
By applying electrical stimulation directly to the DRG, it is believed that the
excitability of the neurons within the DRG is altered, which in turn reduces the
transmission of pain signals [24, 25].

How It Differs from Spinal Cord Stimulation

While both DRG stimulation and spinal cord stimulation are forms of neuromodula-
tion designed to treat chronic pain, there are key differences between the two
modalities:

1. Target Area: The primary difference lies in the target of the stimulation. SCS
targets the dorsal columns of the spinal cord, which modulates pain signals in a
broad, often diffuse manner. In contrast, DRG stimulation specifically targets the
dorsal root ganglia, allowing for more precise, localized pain control.

2. Paresthesia: SCS often produces a tingling sensation known as paresthesia,
which overlaps with the painful area. Some patients find this sensation uncom-
fortable or unpleasant. DRG stimulation, on the other hand, can provide pain
relief without paresthesia, which is a significant advantage for many patients.

3. Efficacy in Certain Pain Conditions: DRG stimulation has shown superior effi-
cacy in treating certain types of pain that are difficult to manage with SCS, such
as CRPS and pain in areas like the lower limbs and groin. This is likely due to
the ability of DRG stimulation to target specific nerve roots that correspond to
these pain regions [26].

4. Lead Placement: In SCS, leads are typically placed in the epidural space, while
in DRG stimulation, the leads are positioned near the DRG, which is located at
the intervertebral foramen. This difference in lead placement contributes to the
more targeted nature of DRG stimulation.

Patient Selection

As with any neuromodulation therapy, patient selection is critical to the success of
DRG stimulation. Ideal candidates for DRG stimulation are those with chronic,
intractable pain that has not responded to conservative treatments such as medica-
tions, physical therapy, or less invasive procedures like nerve blocks.

1. Indications: DRG stimulation is particularly effective for treating CRPS, chronic
post-surgical pain (such as groin or knee pain following surgery), peripheral
causalgia, and neuropathic pain in the lower limbs. It is also considered for
patients who have failed SCS therapy or those who require more targeted pain
relief than SCS can provide.

2. Psychological Assessment: As with SCS, psychological evaluation is an impor-
tant part of the patient selection process. Conditions such as depression, anxiety,
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or catastrophizing behavior can negatively impact the outcomes of neuromodu-
lation therapies, including DRG stimulation.

3. Trial Stimulation: A successful trial of DRG stimulation is a prerequisite for
permanent implantation. During the trial, temporary leads are placed, and the
patient is monitored for pain relief, functional improvement, and side effects.
Typically, a successful trial is defined as a 50% or greater reduction in pain.

Additionally, patients should have realistic expectations about the therapy and be
willing to participate in the trial phase, which is crucial for determining the likeli-
hood of long-term success with DRG stimulation [27].

Trial and Implantation Technique

As with other neuromodulation therapies, DRG stimulation involves a trial phase to
assess the effectiveness of the therapy before permanent implantation. The trial and
implantation process involves several key steps:

¢ Trial Phase: During the trial, temporary leads are inserted into the epidural space
and positioned near the dorsal root ganglia associated with the patient’s pain.
This procedure is typically performed under local anesthesia with fluoroscopic
guidance to ensure precise placement of the leads. The leads are then connected
to an external stimulator, and the patient is sent home to evaluate the level of pain
relief over several days to a week. A successful trial is typically defined as at least
a 50% reduction in pain and improvement in function.

¢ Permanent Implantation: If the trial phase is successful, the patient may proceed
to permanent implantation. The permanent leads are positioned in the same loca-
tion as the trial leads, and the IPG is implanted under the skin, usually in the
lower back or abdomen. The procedure is typically performed under general or
local anesthesia, depending on the patient’s condition and the complexity of the
surgery. The leads are tunneled subcutaneously to the IPG, and the system is
programmed to deliver the desired level of stimulation.

The implantation procedure requires careful planning and precision, particularly
in the placement of the leads, as the effectiveness of DRG stimulation is highly
dependent on accurate targeting of the dorsal root ganglia. Post-operative care
includes wound management, pain control, and the initiation of DRG stimulation
programming. Patients may require several follow-up visits to optimize the device
settings and achieve the best possible pain relief [27].

Complications
While DRG stimulation is generally safe, it is not without risks. Complications can
be categorized into surgical, device-related, and patient-related.

1. Surgical Complications: These include infection, bleeding, and lead migration.
The proximity of the leads to the spinal nerves and DRG can increase the risk of
nerve irritation or injury. Lead migration is a particular concern with DRG
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stimulation, as even slight shifts in lead position can significantly impact the
efficacy of the therapy. Infection is a significant concern with any implanted
device. The incidence of infection in DRG stimulation is similar to that in SCS,
ranging from 3% to 10%. Most infections can be managed with antibiotics, but
in severe cases, device explantation may be necessary. Given the close proximity
of the leads to the spinal nerves and DRG, there is a risk of nerve injury during
the implantation procedure. This can result in transient or permanent neurologi-
cal deficits, depending on the severity of the injury.

2. Device-Related Complications: Common device-related issues include lead
migration, lead fracture, and hardware malfunction. Lead migration, where the
electrodes move from their intended position, can reduce the effectiveness of the
stimulation and may require revision surgery. Advances in lead design and IPG
technology have reduced the incidence of these complications, but they remain a
potential concern.

3. Patient-Related Complications: Patients may experience discomfort at the IPG
site, paresthesia, or pain due to improper lead placement. In rare cases, DRG
stimulation may exacerbate pain, a phenomenon known as “stimulation-induced
pain.” Additionally, some patients may develop psychological dependence on
the device, fearing the return of pain if the device is turned off. Long-term com-
plications, while rare, can include fibrosis around the leads or IPG, which can
impair device function and require revision surgery. Moreover, patients must be
monitored for the potential development of tolerance to DRG stimulation, where
the effectiveness of the stimulation diminishes over time [28-31].

MRI Compatibility

MRI compatibility is an important consideration for patients with implanted DRG
stimulation systems, as many will require imaging for diagnostic purposes during
their lifetime. The presence of implanted leads and the IPG can pose challenges for
MRI, including the risk of lead heating, device malfunction, and patient injury.
However, advancements in technology have led to the development of MRI-
conditional DRG stimulation systems:

* MRI-Conditional Systems: These systems are designed to be safe for MRI under
specific conditions, such as limiting the magnetic field strength (usually up to 1.5
Tesla) and following manufacturer-specific guidelines for patient positioning
and scan duration. It is essential that the radiology team is aware of the presence
of the DRG stimulation system and follows the recommended safety protocols to
avoid complications.

* Precautions: Before an MRI scan, the DRG stimulation system should be set to
a mode that minimizes risks, such as “MRI mode,” or the device should be turned
off entirely. After the scan, the DRG stimulation system should be thoroughly
checked to ensure it is functioning correctly, and the settings should be restored
to the patient’s preferred parameters.

* Despite these advancements, not all patients with DRG stimulation implants can
safely undergo MRI, particularly those with older or non-MRI-compatible
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systems. Alternative imaging modalities, such as CT or ultrasound, may be nec-
essary for these patients [22].

Conclusion

Dorsal root ganglion stimulation represents a significant advancement in the treat-
ment of chronic pain, offering a more targeted approach than traditional spinal cord
stimulation. The ability to selectively target specific areas of pain makes DRG stim-
ulation particularly effective for conditions such as complex regional pain syndrome
and chronic postoperative pain. While the technology and techniques involved in
DRG stimulation are similar to those used in SCS, the key differences in target
areas, efficacy, and potential complications highlight the unique advantages of DRG
stimulation. Ongoing research and technological advancements continue to refine
the application of DRG stimulation, making it an increasingly valuable option for
patients suffering from chronic, intractable pain.

Neuromodaulation: Peripheral Nerve Stimulation

Introduction

Peripheral nerve stimulation (PNS) is the application of electrical current to nerves
for medical use. This concept was originated during the first century AD by
Scribonius Largus with the Roman Empire, after incidentally finding that the elec-
trical discharges of the torpedo fish were capable to provide analgesia for gout and
headaches [32-34].

The first reported application of direct electrical stimulation of peripheral nerves
was in 1859 by Althaus, used to relief postsurgical pain of the extremity [35]. A
century later in 1960s, Wall and Sweet reported the use of percutaneous peripheral
nerve stimulation; the initial techniques involved surgical dissection of the nerve,
followed by a placement of bipolar leads on a “cuff-like” fashion around the nerve
connected to an internal pulse generator (IPG) [34]. Due to reports of nerve damage
due to scarring and compression, this method was later replaced in the 1970s by the
positioning of paddle leads over a transposed fascial graft located right next to the
nerve; however, this method fell out of favor as well due to the risks involved [34,
36, 37]. It was not until 1999 when Weiner and Reed used a percutaneous cylindri-
cal lead in close proximity of the nerve, bypassing the need for extensive surgical
dissection for its placement [36, 38—40].

The neuromodulation field has been exponentially growing for the past decades,
proving to be extremely beneficial for the management of pain. Application of neu-
romodulatory current to the spinal cord has attracted most of the attention as the
dorsal column has a high density of afferent fibers making it an appealing target for
multiple painful neuropathic conditions. However, the development of smaller,
more flexible, and better systems, combined with the improvement of ultrasound
imaging, has allowed other anatomical structures to be used, allowing technologies
like dorsal root ganglion (DRG) and PNS to be attractive alternatives for intracta-
ble pain.
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PNS has received marked attention lately, because patients have a preference for
less invasive procedures, requiring less incisions and smaller devices implanted.
The technology has markedly advanced miniaturizing the equipment, improving the
MRI compatibility, combating the risk of lead migration, and allowing the use of an
external battery, able to power and wirelessly communicate to the implanted elec-
trode (avoiding the implantation of a bulky IPG) [34, 38, 41]. Also, as mentioned
above, these devices are able to be placed under sterile conditions with mostly ultra-
sound guidance, avoiding the need for extensive surgical dissection or solely relying
on X-ray radiation and general anesthesia for lead positioning. As the depth of anes-
thesia does not need to be too deep, patient can provide feedback on nerve stimula-
tion during the procedure, adding a safety feature and allowing verbal feedback that
the lead is being placed at the correct location [34, 36].

Currently, there is no longer need to use the standard SCS systems to stimulate a
peripheral nerve. In the market we can find different FDA-approved devices dedi-
cated to PNS, some of them able to perform SCS+PNS: Freedom/StimQ (Stimwave
Technologies) and Nalu (Nalu Medical Inc), while others are exclusively dedicated
to peripheral nerve stimulation: StimRouter (Bioness), SPRINT (SPR therapeutics),
and Reactiv8 (Mainstay Medical). Most of them consist of fully implantable leads,
excluding SPRINT that offers a temporary 60 days, externalized leads placement.
Most of these systems are MRI compatible with the exception of SPRINT, which is
not MRI compatible.

StimRouter was one of the PNS systems obtaining earlier FDA clearance (2015)
and comprises of a short fully implantable electrode connected to an external pulse
generator (EPG) worn on the skin on an adhesive patch that should be replaced
every 48—72 h. The cylindrical tined lead has 3 electrodes, measures 15 cm in
length, and does come with a silicone anchor to reduce migration [34, 42].

The StimQ system gained FDA approval in 2016. The provider may choose
between the 4 and 8 electrode Freedom PNS™ Jeads, which have a receiver and
stimulator embedded. The energy is provided by a wearable external antenna/bat-
tery pad “Wearable Antenna Assembly” (WAA) worn on top of a layer of clothing
[34, 43, 44].

In 2018, the SPRINT system gained FDA clearance as a temporary implant,
indicated for 60 days of continuous use. This intervention has demonstrated in stud-
ies, sustained relief for 14 months (and potentially longer). Its electrode lead is
stainless steel with a coiled design that enhance fibrotic ingrowth, reducing the risk
of both migration and infection. This lead is externalized and directly connected to
an EPG worn on the skin until the time of removal. Unfortunately, this device is not
MRI compatible; however, due to its temporary design, it can be easily removed
without a surgical intervention [34, 45-48].

Reactiv8 is a system that was approved by the FDA in 2020. This peripheral
nerve stimulation system targets the multifidus muscles and, rehabilitates them to
treat secondary low back pain. This treats more mechanical etiology of chronic low
back pain. It uses two leads targeting the L2 medial branch nerves at the L3 trans-
verse process, which are then connected to an IPG able to deliver two 30-min ses-
sions of stimulation daily [34, 49].
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Nalu is one of the recent systems on the market, obtaining FDA approval in
2020. The fully implantable electrode leads have a microstimulator (IPG) that is 27
times smaller than other standard IPGs used for SCS. This is powered by an external
upgradeable therapy disc that requires to be worn with a single-use adhesive clip to
the skin, or a belt [34].

A summary of PNS targets is given in Table 9.1.

Mechanism of Action
Peripheral nerve stimulation modulates peripheral factors and also affects the cen-
tral nervous system.

Its main mechanism is based on the gate control theory which was first proposed
by Melzack and Wall in 1965 [50]. The theory states that within the dorsal horn
there exists a “gate” which allows the progression or inhibition of afferent impulses.
The control of this gate can be modified by large diameter A-f fibers (carry afferent
signals such as touch and pressure) as well as the small C -fibers (pain). For exam-
ple, rubbing your knee after falling excites inhibitory neurons in the dorsal horn,
thus impeding the progression of pain from the small fibers. A cat model has also
shown that stimulating the A-f fibers of the pudendal nerve led to an increased
activity of inhibitory input on bladder-related inter-neurons at the V1, v2 Rexed
laminae in the S2 spinal region [51].

Endogenous neurotransmitters in the spinal cord are also modulated during
PNS. For instance, sciatic nerve stimulation upregulates the “Arc” protein in a bone

Table 9.1 Summary of Common Peripheral Nerve Targets

Location Nerves Indication
Head and neck Occipital nerve Occipital neuralgia
Cervical medial branch nerve Cervical facet arthropathy
Upper extremity/ Brachial plexus CRPS
shoulder Suprascapular nerve Phantom limb/residual limb
Axillary nerve pain
Median/ulnar/musculocutaneous/radial Shoulder pain
nerve
Truncal Ilioinguinal/iliohypogastric/genitofemoral Post-inguinal herniorrhaphy
nerve neuralgia
Intercostal Intercostal neuralgia
Lumbar/thoracic Thoracic/lumbar medial branch nerve Lumbar/thoracic facet
spine Cluneal nerve arthropathy

Cluneal neuralgia
Multifidus atrophy

Lower extremity Lateral femoral cutaneous Meralgia paresthetica
Femoral nerve and branches (saphenous =~ CRPS
nerve) Phantom limb/residual limb
Sciatic nerve and branches (tibial and Knee/ankle pain

peroneal nerve)
Genicular nerves

Less common targets include facial stimulation (V1,V2,V3), sphenopalatine, vagal nerve. Leads
for these targets are more likely to be placed by a functional neurosurgeon
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cancer rat model. This Arc protein downregulates GluA1 transcription leading to
decreases in allodynia and hyperalgesia [52].

Further modulation of receptor activity has been shown in humans with median
nerve peripheral stimulation. These patients showed increased NMDA plasticity
after stimulation [53]. NMDA activity is correlated with wind up activity [54]. In
fact, it has been shown that there may be a reduction in the activation of WDR (wide
dynamic range) neurons [55].The WDR neurons show increased excitability and
response to peripheral stimuli after a nerve injury or tissue inflammation. Repeated
noxious input of the same stimulus leads to a summative response of the WDR neu-
rons, also known as “wind up.” Studies have shown that this pathway leads to hyper-
algesia. A study done by Yan, Fei et al. revealed the reduction of hypersensitivity
and activation of the WDR neurons in the dorsal horn, after stimulating the dorsal
root in L5 nerve root ligated mice [56].

PET scans taken during PNS stimulation has shown the supraspinal effects of
PNS. Accessory nerve PNS has demonstrated increased activity of the dorsolateral
pre-frontal cortex and sensorimotor cortex. These areas are associated with
sensorimotor-discriminative and affective-motivational senses [57]. In addition,
stimulation of the brachial plexus resulted in modulation of the primary sensory and
motor regions of the cortex, S1 and M1 [58].

A human study evaluated the response of A and C fibers to repeated electrical
stimulation. In the study, intradermal microelectrodes were inserted into nerves
such as the saphenous nerve. Repeated stimulation of these nerves showed an
increase in latency of the A and C fibers. This eventually stabilized, however, after
a certain number of impulses. The same study also showed decreased conduction
velocity and decrease excitability of C fibers at low frequencies such as 0.5/s [59].
Not only are A and C fibers modulated but various studies have also shown that
peripheral nerve stimulation may accelerate axon regeneration in nerve injury
[60, 61].

Furthermore, the local tissue environment during PNS is also modulated. In fact,
a study showed increased macrophage activity and CGRP expression in Taxol-
treated rats after sciatic nerve injury. The same study also demonstrated increased
axon numbers after stimulation, thus displaying the effects PNS can have on the
local inflammatory environment on nerve regeneration [62].

Location of Peripheral Nerve Stimulation
There is a vast array of peripheral nerve targets for PNS. Common targets include
(Table 9.1):

Implantation of Peripheral Nerve Stimulators
Implantation of PNS depends on the device utilized. As described earlier, some
devices are only temporary devices and others are permanent devices with an
implantable IPG. Most permanent devices will trial a temporary device in a similar
fashion to a SCS.

There are two imaging techniques routinely utilized for placement: Ultrasound
and Fluoroscopy. Generally if the nerve can be clearly imaged on ultrasound, it is
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the preferred technique for implantation such as brachial plexus and it’s respective
individual nerves, and femoral and sciatic nerves and there respective branches and
suprascapular nerve. Figures 9.1 and 9.2 demonstrate a femoral nerve target and
lateral femoral cutaneous nerve target for a peripheral nerve stimulation, respec-
tively. These are placed in a similar fashion to a peripheral nerve catheter placed by
an anesthesiologist for perioperative pain control.

Some nerves are not clearly visualized on ultrasound and/or have very reliable
fluoroscopic targets including medial branch nerves, genicular nerves, and cluneal
nerves. Figures 9.3 and 9.4 demonstrate targets for genicular nerves. Some targets
such as the intercostal may benefit from utilizing ultrasound in conjunction with
fluoroscopy.

In lightly sedated or wake patients, stimulation can be confirmed with patient
input to confirm appropriate coverage of stimulation.

Vertebral Augmentation

Introduction

Osteoporotic vertebral compression fractures (OVFs) are common among the
elderly population, often resulting from reduced bone mineral density. These frac-
tures can lead to significant pain, reduced mobility, and decreased quality of life.
Most commonly, kyphoplasty and vertebroplasty are minimally invasive surgical
interventions developed to treat OVFs by stabilizing the fracture, reducing pain, and
in the case of kyphoplasty, attempting to restore vertebral height. Both procedures
involve the percutaneous injection of bone cement into the vertebral body, though
they differ in their approach and mechanism. This chapter will explore the mecha-
nisms of action, patient selection criteria, intraoperative considerations, potential
complications, and outcomes associated with kyphoplasty and vertebroplasty.

Fig. 9.1 Ultrasoudn image
of Femoral nerve and
artery, with sartorius
muscle lateral to the
femoral nerve
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Fig.9.2 Ultrasound
Image of the Lateral
Femoral Cutaneous Nerve

Fig. 9.3 AP fluoroscopic Acc
view of final PNS lead g 2022 Apr 18
location at the inferior
medial genicular nerve site

Mechanism of Action

Vertebroplasty involves the direct injection of polymethylmethacrylate (PMMA)
cement into the fractured vertebra to stabilize the bone structure. This procedure
aims to provide immediate pain relief by stabilizing the micro-movements of the
fractured bone. Kyphoplasty, on the other hand, includes an additional step where a
balloon is inflated within the vertebral body to create a cavity before cement injec-
tion, which may help restore some vertebral height and correct kyphotic deformity.
The choice between these techniques often depends on the desired mechanical sta-
bilization and the degree of vertebral height restoration needed.
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Fig. 9.4 Lateral
fluoroscopic view of final
PNS lead location at the
Inferior medial genicular
nerve site; lead contacts
are shown within the red
rectangle

d:DCM / Lin:DCM / 1d:T5
65635 L:32767

Patient Selection

Patient selection for kyphoplasty and vertebroplasty is critical to optimizing out-
comes. Ideal candidates are those with painful OVFs that are refractory to conserva-
tive management, including analgesics, bracing, and physical therapy. Imaging
studies, such as MRI, are used to confirm the presence of bone edema and to cor-
relate the fracture with the patient’s symptoms. Contraindications include fractures
that are not associated with pain, extensive vertebral destruction, spinal instability,
or an infection at the site of the procedure. Both techniques are generally reserved
for patients who have experienced significant pain for several weeks to months and
who exhibit functional impairment despite conservative treatment [63].

Techniques

The patient is positioned supine, followed by standard preparation and draping. AP
and lateral fluoroscopic views are obtained to guide the procedure. After local anes-
thesia is administered to the skin superior and lateral to the target pedicle, a cannula
is introduced. Under serial AP and lateral fluoroscopic guidance, the working can-
nula is advanced through the pedicle, aiming to access the vertebral body without
breaching the medial border of the pedicle. In a bipedicular approach, both cannulas
are positioned near the midline within the anterior third of the vertebral body.
Alternatively, a curved system can be used for a unipedicular approach, advancing
along a curved trajectory toward the medial border of the contralateral pedicle on
the AP view. For kyphoplasty, a radiopaque balloon is inserted and inflated to create
a void for cement placement—a step not included in vertebroplasty. Cement is then
injected, with careful monitoring to prevent intravascular leakage and to avoid
extravasation outside the vertebral body, especially retrograde flow toward the spi-
nal canal. The equipment is subsequently removed, ensuring there is no cement
leakage through the access pathway. Third-generation systems, such as the Spine
Jack, involve additional implants and steps not covered in this review.
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Intraoperative Considerations

Both procedures are typically performed under local anesthesia with sedation or
general anesthesia, depending on the patient’s condition and preferences.
Fluoroscopic guidance is crucial for the accurate placement of the needles and
cement injection to avoid complications such as cement leakage. In kyphoplasty,
balloon inflation must be carefully monitored to avoid overexpansion, which can
lead to fractures in adjacent vertebrae or cement extrusion. The viscosity and vol-
ume of the cement are also critical factors; cement should be injected slowly and
under low pressure to reduce the risk of leakage. The procedures can be completed
within an hour and generally allow patients to return home the same day, highlight-
ing the minimally invasive nature of these treatments [63].

Outcomes

Both vertebroplasty and kyphoplasty have a significant improvement in pain rela-
tive to conservative management. Certain studies have shown that kyphoplasty out-
performs vertebroplasty in measured disability, quality of life improvement, cement
extravasation rate, and kyphosis correction [64—66], though the data varies on the
significance of this improvement. Notably, mortality rate decreases s/p vertebral
augmentation compared to medical management [67].

Complications

Complications of kyphoplasty include bleeding, infection, cement leakage, pulmo-
nary embolism, adjacent fractures, and, rarely, death [68]. Bleeding can occur due
to vascular injury during the procedure, while infections, though uncommon, can be
severe, such as spondylitis requiring surgical intervention. Cement leakage is the
most frequent complication, seen in about 8.1% of cases, and can lead to spinal cord
compression or pulmonary embolism if the cement migrates into critical areas.
Pulmonary embolism, though rare (0.17%), can be life-threatening [69].

Adjacent vertebral fractures are reported in 11.1% of cases, often due to altered
spinal biomechanics or cement leakage into disc spaces. While the overall mortality
rate is low, kyphoplasty still carries risks, including severe complications that
require immediate intervention. Therefore, the procedure should be performed by
skilled spine surgeons to minimize these risks and manage complications effec-
tively [69].

Conclusion

Kyphoplasty and vertebroplasty offer effective pain relief and functional improve-
ment for patients with OVFs that do not respond to conservative treatment. While
both procedures share common benefits, kyphoplasty may provide the added advan-
tage of vertebral height restoration and kyphotic angle correction. Careful patient
selection and adherence to technical considerations during the procedure are essen-
tial to minimize complications. Ongoing research and advancements in technique
may continue to refine these procedures, enhancing their safety and efficacy for
patients with OVFs.
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Basivertebral Nerve Ablation

Introduction
Basivertebral nerve (BVN) ablation is a minimally invasive procedure approved by
the FDA in 2016 that targets the basivertebral nerve within the vertebral body to
treat chronic axial low back pain (LBP) [70, 71]. LBP remains a leading cause of
disability worldwide, with a substantial burden on healthcare systems due to its
chronic nature and the frequent lack of effective long-term treatments. Identifying
specific pain generators in the spine has historically been challenging, as the etiol-
ogy of LBP is often multifactorial and non-specific. However, recent advances have
highlighted the role of vertebral endplate damage and the associated basivertebral
nerve as significant contributors to chronic vertebral pain, a distinct subset of LBP.
BVN ablation addresses this pain by interrupting nociceptive signals from the
vertebral endplates, which are highly innervated and prone to inflammatory changes,
fissuring, intraosseous edema, and degeneration [72]. This chapter explores the
mechanism of action, patient selection criteria, intraoperative considerations, poten-
tial complications, and the overall clinical significance of BVN ablation in manag-
ing chronic axial LBP.

Mechanism of Action

BVN ablation aims to alleviate pain by creating a thermal lesion at the BVN termi-
nus, effectively severing the nerve’s capacity to transmit nociceptive information
from damaged vertebral endplates. The basivertebral nerve arises from the sinuver-
tebral nerve and enters the vertebral body via the basivertebral foramen, where it
branches to innervate the superior and inferior endplates of the vertebrae. These
endplates are susceptible to Modic changes, which are pathological alterations vis-
ible on MRI that correlate with vertebral pain.

There are three types of Modic changes: type 1, characterized by inflammatory
changes and fissuring within the endplates; type 2, marked by fatty degeneration of
the bone marrow; and type 3, associated with subchondral bone sclerosis. Type 1
changes, in particular, have a strong association with severe, prolonged LBP and are
considered the primary targets for BVN ablation. By ablating the nerve at its termi-
nus, BVN ablation interrupts the flow of inflammatory mediators and pain signals,
such as substance P and calcitonin gene-related peptide (CGRP), which are involved
in chronic pain pathways [73, 74].

Patient Selection

Appropriate patient selection is paramount to the success of BVN ablation. The
ideal candidates are those with chronic axial LBP persisting for more than 6 months,
which has been refractory to conservative treatments, including physical therapy,
oral analgesics, and non-steroidal anti-inflammatory drugs. Patients with vertebral
endplate pain often experience significant functional impairment and severe pain
that worsens when sitting, standing, or bending forward (spinal flexion), unlike dur-
ing extension [75, 76]. The pain is typically described as a burning, deep, and achy
sensation localized in the midline of the lumbar spine, without associated radicular
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symptoms, motor weakness, numbness, or tingling. These patients must also exhibit
specific imaging findings, namely Modic type 1 or 2 changes on MRI at one or more
vertebral levels from L3 to S1.

Patients with a history of spinal surgery, significant spinal stenosis, radicular
symptoms, or other predominant sources of pain, such as sacroiliac joint dysfunc-
tion, are generally excluded. Additionally, contraindications include systemic infec-
tions, incomplete skeletal maturity, and proximity of the ablation zone to sensitive
structures like the spinal canal or nerve roots. Safety concerns also preclude patients
with implantable pulse generators, severe cardiopulmonary compromise, or condi-
tions that increase the risk of intraoperative complications, such as morbid obesity
or bleeding disorders.

Intraoperative Considerations

BVN ablation is performed using advanced image-guided technology to ensure pre-
cise targeting of the basivertebral nerve within the vertebral body. The procedure
typically employs fluoroscopy or CT guidance to navigate instruments through a
transpedicular approach. Key instruments include an introducer trocar with a dia-
mond or bevel tip, a curved cannula assembly, and a bipolar radiofrequency abla-
tion probe.

The procedure begins with the patient in a prone position under general anesthe-
sia or monitored anesthesia care (MAC). The surgical site is prepared using a sterile
technique, and imaging guidance is used to identify the target vertebral level. The
surgeon first establishes an ideal anterior-posterior view of the pedicles at the level
of interest, marking the skin entry point and confirming the correct trajectory for the
transpedicular approach.

Local anesthesia is administered along the planned needle path, and a small inci-
sion is made to accommodate the introducer trocar. The trocar is advanced through
the pedicle under continuous imaging, creating a pathway for the curved cannula.
The cannula assembly, equipped with a straight stylet, allows for the creation of a
channel within the vertebral body toward the BVN terminus. Accurate placement is
verified with both anterior-posterior and lateral fluoroscopic views to avoid breach-
ing the spinal canal or contacting nearby neural structures. The BVN is positioned
30% anteriorly into the vertebral body at 50% caudal from the superior endplate for
lumbar levels, and 50% anterior into the vertebral body and 40% caudal from the
superior endplate for the sacral levels [70, 71, 77].

Once the target site is confirmed, the stylet is removed, and the radiofrequency
ablation probe is introduced. The probe is connected to a radiofrequency generator,
which delivers controlled energy—typically at 85 degrees Celsius for 7 or 15 min—
to create a spherical lesion at the nerve terminus. This ablation disrupts the nerve’s
ability to transmit pain signals from the vertebral endplates.

Upon completion of the ablation, the instruments are carefully withdrawn, and
the incision is closed with minimal suturing or adhesive strips. Post-procedure,
patients are monitored in a recovery area, where vital signs and neurological func-
tion are reassessed before discharge. Patients receive instructions on activity



230 R. Przkora et al.

restrictions, incision care, and signs of potential complications, such as infection
and neurological changes or deficits, to watch for after the procedure.

Complications

BVN ablation is generally considered safe, with a low incidence of serious compli-
cations. Most adverse events reported are mild and self-limiting, such as transient
exacerbation of LBP or minor radiculitis that resolves with conservative treatment.
Rare but notable complications include vertebral compression fractures, particu-
larly in patients with underlying risk factors like osteoporosis or ongoing hormonal
therapy. Other serious complications, such as retroperitoneal hemorrhage, have
been documented but remain exceedingly rare.

The procedure’s safety profile is bolstered by meticulous intraoperative tech-
nique and careful patient selection to minimize risks. Proper imaging guidance is
essential to avoid unintended damage to nearby structures, and adherence to sterile
protocols helps prevent infections. Overall, the low complication rate and favorable
safety profile make BVN ablation a viable option for patients meeting the selection
criteria.

Conclusion

Basivertebral nerve ablation offers a targeted, minimally invasive treatment option
for patients with chronic axial low back pain attributed to vertebral endplate dam-
age. By directly addressing the nociceptive pathways from these damaged end-
plates, BVN ablation provides significant pain relief and functional improvement in
a subset of patients who have exhausted conservative therapies. The procedure’s
efficacy, combined with its safety profile and relatively straightforward technique,
underscores its value in the comprehensive management of vertebral pain.

As our understanding of vertebral endplate pathology continues to evolve, BVN
ablation may gain an increasingly prominent role in the interventional landscape for
LBP. Future research and long-term outcome data will further refine patient selec-
tion criteria and procedural protocols, optimizing the therapeutic impact of this
innovative approach to pain management.

Sacroiliac Joint Fusion

Introduction

It is estimated that 15-30% of low back pain can be attributed to sacroiliac (SI) joint
pathology [78, 79] and that it may be the culprit in up to 40% of residual low back
pain following lumbar fusion [80]. Minimally invasive SI joint fusion procedures to
treat SI joint pain were first adopted by spine surgeons in the early 2000s and
involved the placement of screws from lateral to medial, through the ilium, and
across the SI joint [81]. The sacroiliac joint, located between the sacrum and ilium
of the pelvis, plays a crucial role in transferring the weight from the upper body to
the lower extremities and stabilizing pelvic movement. Dysfunction of this joint,
often due to degenerative changes, trauma, or post-partum conditions, can lead to
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significant and persistent pain. Conservative treatments, including physical therapy,
medications, and corticosteroid injections, are typically the first line of therapy.
However, in patients with refractory symptoms, SIJ fusion can offer relief by stabi-
lizing the joint and reducing pain.

Mechanism of Action

S1J fusion aims to stabilize the sacroiliac joint by promoting bony fusion between
the sacrum and ilium. This procedure is typically performed minimally invasively
with implants or screws to immobilize the joint. By eliminating micro-motions
within the joint, SIJ fusion reduces mechanical stress and irritation of the surround-
ing structures, alleviating the pain generator. Over time, the goal is for the bone to
grow around the implanted hardware, leading to a permanent fusion. There are vari-
ous surgical techniques, including percutaneous and open approaches, but the pri-
mary goal remains the same: joint stabilization. Different techniques are shown in
Fig. 9.5.

Patient Selection

Treatment of SI joint pain is very similar to that of other osseous sources of low
back pain—starting with conservative management via physical therapy and
NSAIDs, escalating to steroid injections of the joint (Fig. 9.5), and then further to
RFA of the lateral branch nerves innervating the SI joint. RFA does have the draw-
back of only being able to target the posterior nerves of the joint, and not the ante-
rior [82]. Anterior innervation of the sacroiliac joint is from the ventral rami of the
L5 to S2 nerve roots. The lateral branches of the dorsal rami of the S1 to S4 nerve
roots innervate the posterior portion [83]. If none of these methods prove sufficient
in achieving satisfactory pain control, then SI joint fusion may be considered.

Fig. 9.5 SIjoint, as seen
during fluoroscopy-guided
contrast injection
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Intraoperative Considerations

There are several SI joint fusion devices currently on the market each with small
differences in their surgical technique. However, the major steps of the procedures
are fairly similar and will be described here.

Preparation

Patient is placed supine on the OR table, prepped and draped in standard sterile
fashion. C-arm should be placed in a position where direct AP, lateral, and oblique
images of the joint can be obtained.

Locating the Joint

The joint on the target side should first be identified on direct AP imaging. A guide-
wire placed on the skin can be used to help mark the location of the PSIS and
PIIS. A localizing device will then be placed into the joint under fluoroscopic guid-
ance; this can be either guidewire(s) or a larger, handled device, depending on the
specific product being used. Depth of advancement into the joint space should be
checked on lateral and oblique imaging.

Bone Preparation

Once access to the SI joint has been established, the bony surfaces of the sacrum and
ilium will need to be prepared to accept the implanted device. Some older devices
relied on this step being done freehand using a bone curette, which required direct
visualization of the joint, and even microscope utilization. Some newer devices
(such as the Vyrsa Nevrol and PainTEQ LinQ) achieve joint space preparation and
decortication through proprietary percutaneous systems. Figure 9.6 demonstrates
the introducer device placed in the lateral position. This generally involves placing
a dilator over top of the original joint locating device, followed by a guide for either
a drill, chisel, or rasp-like device that will clear soft tissue and a superficial layer of
bone from the joint space.

Device Implantation

Many products will require the placement of trial, sizing devices into the joint prior
to definitive fixation. Once a device size that fits snugly into the joint is found, the
final implant can be placed using an administrator included in the device kit. These
implants generally consist of either titanium or allogenic bone graft.

Efficacy
To date, outcome data for SI joint fusion through the posterior interpositional
approach remains sparse and study quality is lacking. However, the limited studies
available indicate a significant reduction in numerical pain scores following the
procedure and possibly delay/avoidance of future procedures on the joint [84, 85].
A cadaveric study has also indicated that interpositional devices are able to
achieve a comparable level of fixation to that of traditional lateral screw fixation
[86], which have a longer track record of pain improvement [87].
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Fig. 9.6 Implantation of
the Vyrsa Nevrol fusion
device

Complications

As with any surgical procedure, SIJ fusion carries a risk of complications, though it
is generally considered safe when performed by experienced surgeons. Some poten-
tial complications include:

» Hardware-related issues: Implant migration or loosening can occur, especially if
there is insufficient bone for proper fixation or if the procedure does not achieve
adequate immobilization of the joint.

* Infection: As with any surgery, there is a risk of postoperative infection, which
can range from superficial wound infections to deep infections that may neces-
sitate hardware removal.

* Nerve injury: Though uncommon, there is a potential risk of injury to the nearby
nerves, which could result in numbness, tingling, or motor weakness in the
affected limb.

* Nonunion: Failure of the joint to fuse, also known as nonunion, may result in
continued pain and potentially require revision surgery.

* Adjacent segment disease: Immobilizing the sacroiliac joint could potentially
lead to increased stress on adjacent joints, such as the lumbar spine or hip, which
may result in new pain or degeneration in these regions.

Conclusion

SIJ fusion can provide significant relief for patients with chronic sacroiliac joint
dysfunction who have not responded to conservative treatment options. By promot-
ing fusion of the sacrum and ilium, the procedure aims to stabilize the joint and
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reduce pain caused by micro-motions and mechanical stress. Careful patient selec-
tion is essential for successful outcomes, and while complications can occur, they
are relatively rare when performed by experienced surgeons. As research continues
to evolve and newer minimally invasive techniques are developed, SIJ fusion
remains a promising solution for managing chronic sacroiliac joint pain.

Emerging Procedures/Surgical Interventions Including
Endoscopic Interventions

Background

The specialty of pain medicine is seeing expansion in scope and upscaling of skill
sets since the past few years. More and more advanced procedures are now being
performed by well-trained pain medicine physicians, and the lines are getting
blurred between spine surgery and the procedures or surgeries being performed by
pain medicine physicians. The term “Pain Surgeon” has been getting traction due to
the advancement in complexities of the procedures and surgeries being performed
these days. Most of the advanced interventions like interspinous spacers (Vertiflex),
MILD, and basivertebral nerve ablation (Intracept) utilize fluoroscopic guidance
and the actual spinal canal is not directly visualized. Endoscopic spine decompres-
sion is done under direct endoscopic visualization, whereby a high-definition mag-
nified image of the anatomical structures inside the spinal canal (ligamentum
flavum, dura, nerve roots, posterior longitudinal ligament, intervertebral disc, etc.)
can be viewed once the working channel and the endoscope with continuous irriga-
tion is safely placed inside the spinal canal via the interlaminar window or via the
neuroforamen.

Standardizing the Training

Endoscopic spine surgery is the least invasive form of spine surgery, has a minimal
footprint, and has several advantages over traditional open and microscopic
approaches to spine. It does have a steep learning curve even for trained spine sur-
geons and needs a master trainer initially [1]. Proper interpretation of MRI & CT
images is essential to get a 3D perspective for pain medicine fellows before attempt-
ing to learn endoscopic spine techniques. The training for pain medicine fellows and
practicing physicians should encompass cadaver sessions at the outset to get famil-
iarity with holding the endoscope and wielding various surgical instruments as well
as drills/burrs through the endoscope. The cadaver sessions should also focus on
recognizing complications like a Dural tear at an early stage and, depending on the
type of tear, taking a call on either leaving it alone or patching it with fibrin/surgicel
or suturing it with 5-0 Prolene. The skill set of the pain medicine physician should
be honed under direct supervision of a master trainer. A progressive increase in
complexity of cases starting from transforaminal approach to foraminal disc hernia-
tions then progressing to paracentral and central herniations should give the trainee
a good idea of the transforaminal technique of spine endoscopy. The trainee should
simultaneously be coached about the interlaminar endoscopic approach starting out
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with L5-S1 disc herniations (largest interlaminar window) and then slowly advanc-
ing to disc herniations at higher levels in the lumbar spine, where bone work would
be needed and getting experience in using drill/burr becomes necessary. Once the
trainee feels comfortable in performing disc herniation surgeries under minimal
supervision, he/she should then be exposed to foraminal stenosis and lateral recess
decompression cases, where understanding spinal architecture and stabilizing forces
becomes crucial in preserving integrity and stability of spine during decompression.
Neuromonitoring with EMG for lumbar spine provides an added layer of safety for
stenosis and more difficult cases in lumbar spine, and the trainee should have at
least a basic understanding of interpretation of EMG waveforms and awareness to
the audio feedback of the variations in continuous EMG recordings. Once adequate
experience is gained with the above stenosis decompression techniques, subsequent
exposure with central canal stenosis decompression starting on one side then going
‘over the top’ for bilateral central canal as well as lateral recess decompression. This
should make the trainee gain expertise to handle any lumbar spine decompression
cases utilizing the ‘full endoscopic’ technique. After enough experience with lum-
bar spine is gained and the trainee is confident about handling any complex cases or
complications arising out of endoscopic decompression in the lumbar spine, an
exposure to posterior cervical decompression as well as thoracic decompression
would be the next logical step to expand on the skill sets of the trainee. Since every
trainee is different with baseline skill sets, some can get well trained relatively
quicker than others and the assessment by the master trainer should guide the pro-
gression of the complexities of the cases for the trainee. A completion certificate can
be granted to the trainee upon satisfactory demonstration of diagnostic skills, image
interpretation, and surgical skills.
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Introduction

While fellowship programs thoroughly educate trainees in the clinical aspects of
medicine, practicing pain interventionalists require much more. Physicians must
also be experienced in operating clinics, obtaining reimbursement from insurance,
and obtaining employment. In the following guideline, we address topics for pro-
grams to integrate into their curricula, such as job search, contract negotiations,
practice management, inpatient and outpatient pain services, and personal and pro-
fessional wellness.

Basic Practice Management Principles

In addition to the clinical aspects of medicine, fellows will learn the following ter-
minology related to basic practice management.

Current Procedural Terminology (CPT®) Codes Current Procedural Terminology
(CPT®) codes are defined as a uniform language for coding medical services and
procedures. CPT® codes are numeric or alphanumeric five-digit sequences [1]. For
example, the code for percutaneous implantation of a peripheral nerve stimulator is
64,555 [2]. Universally, a procedure’s medical necessity must be established before
performing the procedure. Private insurance often requires that a procedure is
explicitly authorized in writing before it is performed, whereas for most procedures,
Medicare only requires proof of medical necessity if the clinic practice is audited.
For most procedures, Medicare will state that there is “no auth required,” but the
proceduralist should carefully document medical necessity in the case of a future
audit. The typical audit period is 6 years, and in the event of an improper payment,
Centers for Medicare and Medicaid Services (CMS) will require that this be repaid
within 60 days of identification [3]. Historically, no authorization was required for
any procedure if the patient was insured by Medicare, but now certain procedures
require authorization prior to completion. Notable exceptions to this are chemical
denervation procedures such as the administration of botulinum toxin for migraine
headaches and the implantation of spinal cord stimulator devices. Medicare billing
and documentation requirements are established by local coverage determinants
(LCDs) [4]. The ICD-11 diagnosis code associated with the procedure code must be
an approved diagnosis code for a CPT to be covered by a given insurer. For exam-
ple, insurers will only authorize medial branch blocks if the associated diagnosis is
“lumbar spondylosis.”

Global Period Most insurers will enforce a 10-day global period after neuromodu-
lation procedures such as botulinum toxin injection or spinal cord stimulation. The
physician providing the service will be restricted from charging a fee for the 10 days
subsequent to that procedure, although the patient may be billed for healthcare ser-
vices from other specialties [5].
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Relative Value Units (RVUs) Instruction on RVUs will delineate the differences
between work, practice expense, and malpractice RVUs and relate these RVU types
to CPT codes. Work RVUs (wWRVUs) account for the amount of time, skill, training,
and intensity required of a given service. Practice expense RVUs capture the cost of
maintaining a practice, including rent, equipment, and non-physician staff.
Malpractice RVUs represent the payment for professional liability expenses [6]. For
example, a spinal cord stimulation trial with epidural is associated with 66.47 non-
facility RVUs and 12.15 facility RV Us, for a total of 78.62 RVUs on average [7].

Evaluation and Management (E/M) Visits Evaluation and Management (E/M)
visits are cognitive services in which a physician diagnoses and treats illness or
injury [8]. In these visits, typically, a patient is evaluated with a history and physical
exam, and orders for diagnostic procedures are placed. Therapeutic methods such as
medications, physical or behavioral therapies, or procedural treatments are also
ordered. E/M visits for pain patients evaluated in a pain specialist office are typi-
cally billed at a “level 3” or a “level 4” wRVU level although in very complex cases
a “level 5” billing may be appropriate. Higher levels of billing are associated with
higher reimbursements from payers (i.e., insurance companies).

Time-Based Visits Time-based visits are defined by the portion of a medical visit
allocated to counseling or coordination of care. If more than 50% of an encounter is
dedicated to counseling and care coordination, an E/M visit may be listed under a
time-based visit code [8]. These time units are very specific and are reimbursed at a
variable rate for level 3, 4, and 5 visits, with higher time requirements for new
patients than for follow-up patients.

Professional and Facility Fees Fellows should also be apprised of how facility and
non-facility RVUs impact reimbursement [9]. Professional fees are paid directly to
the health care provider. Facility fees are those that cover overhead costs, such as
rent, electronic medical record systems, billing, and administrative expenses [10].
Although the pain physician is the entity contracted with each insurer, they may
work at several clinical sites, and a payer may not cover services provided at certain
service sites. If a pain physician works with an existing practice, that infrastructure
will already be in place during the onboarding process to ensure that the physician
is credentialed and contracted with the insurers. However, if the intention is to start
a de novo new practice, it may be necessary to hire an administrator to assist in the
burdensome legal task of obtaining contracts with target payers in the surrounding
community while ensuring coverage of all service sites staffed by the physician.

Service Sites (10, 11, 19, and 22) Service sites are defined as the locations where
services are provided. The codes associated with these sites specify the entity where



244 R. Przkora et al.

services are rendered to individual payers for reimbursement policies. Several ser-
vice sites relevant to pain management fellows include telehealth (SOS 10) pro-
vided in the patient’s home, an office, and an off-campus-outpatient hospital, and on
campus-outpatient hospital. Telehealth provided in a patient’s home is defined as
services given to a patient located in their home (a location other than a hospital or
facility where the patient receives care in a private residence) through telecommu-
nication technology. An office is a location other than a hospital, military treatment
facility, nursing facility, public health clinic, or intermediate care facility where the
health professional provides examinations, diagnosis, and treatment on an ambula-
tory basis. An off-campus-outpatient hospital provides diagnostic, therapeutic, and
rehabilitation services to patients who do not require hospitalization. An on-campus-
outpatient hospital (SOS 22) provides similar services but is part of a hospital’s
main campus [11]. A facility fee is paid for the on/off-campus-outpatient hospital
places of service but is only exacted when the facility is a SOS 19 or 22 [4].

Job Search and Contract Negotiations A significant component of entering the
workforce is understanding the various practice options available for pain manage-
ment physicians. While fellows may have a clear picture of academic medicine,
other forms of practice include private, part-time, locum tenens, group practice, and
large health maintenance organizations (HMOs). Points to cover when initiating the
job search include day-to-day responsibilities, salary compensation, working hours,
and physician autonomy [12]. Fellows will also want to understand what their
appointment percentage will entail. A full-time equivalent (FTE) may have variable
hour requirements for clinical work at different institutions. In many academic prac-
tices, fellows will have the opportunity for day-to-day clinical variability and may
divide time among multiple settings: operating room (OR), regional anesthesia,
acute pain service (APS), or chronic pain outpatient clinic. However, in most private
settings, the attending pain physician will work principally in the outpatient pain
clinic, although there is the possibility of locum work with primary specialty-based
practices to maintain skills.

Administrative Aspects of Pain Services

Private Practice or Academic Practice As pain fellowship is a single-year pro-
gram, interventional pain fellows typically begin their employment search 6 months
into their training. Community-based practices offer a career path that is conspicu-
ously different from academic practices affiliated with university hospitals.
Generally, there is greater opportunity for economic growth and freedom of fiscal
diversification in community practices, but in an academic practice, the clinician
will have the opportunity to continue to engage in educational exploits or research
investigations. In the time frame immediately following graduation from fellow-
ship, the number of clinical hours spent directly providing patient care is higher for
private practice settings. However, this balance may shift if the provider in
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community practice adopts more administrative roles in their clinical practices as
they gain experience. Although initially acute pain services (APS) were offered
only in academic settings, the field is now expanding into private practice settings,
where it is often integrated with regional pain services [13].

Chronic Pain Clinics Chronic pain clinics rely heavily upon a referral base to sup-
port a patient census that ensures a full or nearly full clinical template. This requires
the chronic pain physician to market their skills, availability, and location to nearby
referring clinics. The most common referral centers will be primary care clinics,
either internal medicine or family practice, or surgical practices, especially orthope-
dic or spine surgery clinics. In rare circumstances, the interventionalist may wish to
promote their services at emergency care or urgent care facilities, as often patients
present with unexplained pain, but after concerning etiologies are ruled out, the
patient still requires long-term or at least subacute management of their pain.

Inpatient Services for Acute on Chronic, Chronic, and Cancer Pain The field of
acute pain medicine (APM) is growing in the United States and is becoming more
standardized after the American College of Graduate Medical Education (ACGME)
accreditation in 2017. However, at an institutional level, this specialty is staffed in a
variable way. In some practices, APS is a standalone service, which is staffed by
practitioners who do not have concomitant responsibilities in providing regional
pain services or operating room services. However, in many smaller hospitals, these
responsibilities will be combined, and a single faculty member will be responsible
for two to three of these patient care assignments [14]. Of note, when acute pain
management services are rendered outside of the OR, CMS will not permit the anes-
thesiologist providing these services to also bill for OR anesthetic supervision [3].
A hospital system may also have a palliative care inpatient consult team, which may
have some overlap in duties with APS but generally treats patients with chronic
cancer-related pain. Acute pain services for cancer patients would then be more
specific to patients with acute pain post-operatively (e.g., after resection of a neo-
plasm) rather than pain from cancer itself.

Pain Surgical Services Integration Enhanced recovery after surgery protocols
were originally developed to standardize the care of patients undergoing certain
surgical procedures. Often, the goals include shorter hospitalization duration or
decreased opioid requirements at the time of discharge. Many of these protocols are
integrated into APS services, and entire societies now exist to develop these periop-
erative care guidelines. Some clinical trials have resoundingly supported their effi-
cacy, but incomplete adherence to protocols can often mar the real-world efficiency
of the practice [15-17]. Recognized barriers to compliance with protocols include
individual surgeon preference, general resistance to change, and increased burden
of interface with the electronic health record. Strong multi-disciplinary
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communication is the best method to reduce the impact of these barriers, although
that requires significant buy-in from anesthesiologists, nurses, and surgeons, in
addition to support from informational technology (IT) administrators.

Wellness and Burnout for Pain Physicians

Burnout is common among physicians across the nation. One study found that
chronic pain anesthesiologists had significantly greater burnout than physicians
from other anesthesiology subspecialties [18]. To prevent fellow and physician
burnout and promote resilience, programs will inform trainees of wellness prac-
tices. Wellness and burnout prevention can manifest in either personal or profes-
sional manners. Curricula for personal wellness will include discussions on
work-life balance, setting boundaries, nutrition, fitness, emotional health, financial
literacy, and behavior adaptability [19]. Discourse on professional wellness will
include methods to reduce physician workload, regular provider meetings focused
on work-life issues, flexible or part-time work schedules, and solutions for covering
unexpected leave [20].
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Abbreviations

FDA  Food and Drug Administration

IME  Independent medical examination

IND  Investigational New Drug (application)
IRB  Institutional review board

PMA  Premarket approval

RCT Randomized control trial

Introduction

The clinical practice of pain medicine is often the focal point of one’s career with
additional opportunities including research, consulting and teaching which can fur-
ther enrich and inform a career in medicine. Pain medicine is one of the most
dynamic fields of medicine secondary to active research and innovation. Pain physi-
cians are uniquely positioned to make a significant contribution to healthcare and
society given their background medical training in combination with the under-
standing of the impact of pain and therapies on patients. This chapter highlights
these opportunities for outreach and career building beyond clinical practice.

Legal Consulting

Physicians, as members of society and as professionals, have a duty to testify in
court as expert witnesses [1]. The American College of Physicians strongly encour-
ages this participation by physicians in the administration of justice and as a com-
ponent of their professional activities [1]. A physician should agree to participate as
an expert only in cases they feel have strong merit, whether in support of the plain-
tiff or defendant [1].

Recommended qualifications for a physician expert witness include a valid and
unrestricted license to practice in the state they practice, be certified by an appropri-
ate American Board, have evidence of continuing medical education, and actively
involved in the clinical practice of the specialty or the subject matter of the case for
three of the five preceding years [1].

General guidelines recommend that the physician testify honestly, fully, and
impartially to their qualifications and the medical information involved in the case.
In addition, the physician should review standards of practice prevailing at the time
of the alleged occurrence. Compensation of the physician expert witness should be
reasonable and commensurate with the time and effort used for case preparation
such as depositions and court appearances [1]. The acceptance of fees that are dis-
proportionate to those customary for such professional endeavors is improper and
may be construed as attempting to influence testimony given by a witness [2]. A
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physician should not accept compensation that is contingent upon the outcome of
the litigation [2].

The physician expert witness must ensure that their testimony does not narrowly
reflect their views about applicable standards to the exclusion of other acceptable
and more realistic choices. The physician should make a clear distinction between
medical malpractice and medical maloccurrence [2].

There are occasions when clinicians are summoned to court to testify. The physi-
cian may be served with a subpoena. The legal system is adversarial, and most clini-
cians do have feelings of dread, anxiety, and panic when they receive a subpoena
[3]. Understanding the legal arena, court proceedings, and how to properly prepare
can assist the clinician to stay calm under pressure if subpoenaed to testify. If unsure
about the purpose of the subpoena, clinicians should ask for help from the legal
counsel at the place of employment. In addition, the clinician should call the request-
ing attorney to find out exactly what is required and the likelihood that the clinician
would indeed testify [3].

In preparation, the physician should furnish the attorney with a curriculum vitae.
They should review questions that may be asked during direct examination in
advance. The physician should also consider visiting the courthouse to familiarize
themselves with the surroundings [3]. Speaking to other colleagues who have been
through the process may help reduce the anxiety associated with testifying in a
courtroom. A physician’s appearance and dress are important as they will convey an
impression with the desired one being one of professionalism and credibility [3].
Jurors ultimately rely on proxies such as appearance and demeanor to determine an
expert’s credibility [4]. A highly qualified expert with impressive professional cre-
dentials can buttress the jury’s belief in the physician’s opinion and even eliminate
juror speculation regarding the appropriate standard of care [4]. On the other hand,
evidence of a witness’s past misconduct is admissible in narrow contexts. However,
prior malpractice evidence is inadmissible in the courts [4].

Narratives and Case Review

Before entering an agreement to be an expert on a case, the physician witness must
ensure that there is no conflict of interest between themselves and the case at hand
[5]. The actual request, specified questions asked and expected to be fully answered,
and reasons given for the answers should be clearly enunciated in writing [5]. The
claimant must be made aware that the expert physician is acting as an evaluator not
a treating physician [5]. The expert, during their case review, should not venture into
areas that are not solicited. In the expert witness’ report, they must be clear and
concise in their report and if possible, give all the appropriate reasons for their
medical diagnosis [5]. The physician must clearly state and distinguish what is said
by the claimant, consultant, therapist, and by the nurse and under what circum-
stances. The narrative must be kept in order and the train of events recorded in a
consecutive manner. No person’s opinion should be infused in the discussion of
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facts—there should be a factual, objective, and non-judgmental expose of the
case [5].

Depositions, Subpoenas, Trials

Experts may be subject to disciplinary sanctions from professional organizations
and state medical boards due to the increased legal scrutiny being applied to expert
witness testimony in medical malpractice litigation [6]. Under appropriate circum-
stances, state professional boards can revoke the medical license of a physician who
is found to have delivered false testimony in a medical malpractice lawsuit [6]. It
may be prudent for the expert to carry liability coverage that will support a legal
defense in the event that expert witness work triggers a lawsuit against the testifying
expert [6].

Independent Medical Examinations (IMEs)

IMEs have protected the rights of workers in the United States. IMEs represent a
valuable mechanism for determining alleged impairment and/or disability [7].
Medical professionals must adhere to the same principles of impartial and ethical
conduct that they uphold in general patient care when dealing with IMEs. A limited
doctor-patient relationship may be forged during an IME [7].

Consulting for Industry

The relationship of clinicians partnering with industry is a collaboration that dates
back to Earl Bakken and Wilson Greatbatch using engineering to partner with phy-
sicians to develop the pacemaker world of innovation [8]. This was followed in the
arena of medical devices in the spine by leaders such as Dr. Richard Penn, a pioneer
of baclofen pumps [9]. Similarly, cardiac pacemakers and other devices and medi-
cations were delivered to the clinical arena because of successful partnerships which
were developed around a patient-first model.

There are five terms that the authors submit are necessary to understand for
delivering ethical clinical care in the face of industry collaboration: transparency,
disclosure, hypocrisy, recusal, and conflict. Transparency is important to maintain
ethical boundaries between physicians’ clinical practice and their responsibility to
their working relationship with industry [10]. Transparency dictates that the physi-
cian divulges all industry relationships which has the potential toward clinician bias.
Disclosure is the active release of this information [11]. The failure to disclose con-
flicts with industry is an example of hypocrisy [12]. “Recusal” is a term reserved for
practitioners to abstain from making professional decisions based on a perceived or
real complex of interest with a working partner [13]. Furthermore, conflict in this
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context is often a dollar sum which is considered by most to have the potential to
cause clinician bias; most academic institutions standardize this amount to $10,000.

Corporate entities often approach physicians who have a skill set that is valuable
to the vendor and knowledge base which advances their product(s). The fair market
value leading to a financial offer is proportional to the curriculum vitae of the prac-
titioner, experience, demographics, as well as the consultant’s ability to engage
either an audience within the corporation or to improve other practitioners’ use of
the product and improve the safety and efficacy.

Basic medical consulting often involves a clinical practitioner speaking on behalf
of a company in order to increase either the use of the device or improve the safety
and efficacy of the use of the technique. Public on-label discussions are important
to mitigate legal repercussions on the clinician and corporation. The authors here do
suggest that clinicians interested in working for industry select companies that have
a track record of honest and moral clinical and public relations. It is important for
the clinicians not to use industry-sponsored events as a local reach for patients, nor
should it be used for local practice referrals.

There are several ways that clinicians can become involved with medical corpo-
rations in addition to consulting. An example of a role is as a member of a medical
advisory board. The desirability of the physician for this type of project increases if
the physician has a special skill set, such as creation of a randomized controlled trial
(RCT) or other research designs for the company. There should be a valid need for
the physician’s expertise and unique skill set that can contribute to the team.
Furthermore, industry may ask for clinicians to help in product development/
improvement or develop a unique idea/patent.

Clinician practitioners may also become investors of medical device/pharmaceu-
tical companies. Small start-up companies may remunerate physicians by payment
in stock options if they do not have fluid cash on hand. Companies invest in the
clinician based upon the fair market value that is commensurate with the strength of
the receiving. It is strongly advised that clinician investors, or family members of
clinicians, with a 5% or greater stake in a company disclose this information to
maintain conflict of interest standards [14]. In addition, in order to work in an
equity-based option model, there must be fair market value for the work done to
equal the stock grant; furthermore, this should be carefully documented on time-
based documents. In addition, if a spouse or close relative invests in a company,
disclosure to any professional or clinical entity who may be influenced by the
physician-industry relationship is still needed. Furthermore, since the Sunshine Act,
a United States legal requirement for company disclosure, does not exist in other
countries, we encourage international physicians to be transparent when consult-
ing [15].

Irrespective of the relationship a clinician has with industry, the transparency of
work relationships and financial investments are important to determining long-
term success with medical corporate entities and mitigating conflicts which may
lend itself to legal reprisal.

It is the opinion of the authors here that clinicians interested in corporate rela-
tionships invest in a compliance attorney, as guidelines and recommendations for
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clinical relationships, investment, and disclosures may have geographic and indi-
vidual variability on a case-by-case basis.

Rules of Consulting

Physician skills and knowledge should be applicable for the work needed such as
teaching or research.

The amount of reimbursement for consulting work should be based on fair market
value, a term which is derived from the physicians’ achievements, research, and
publications.

The use of a product or service should not be directly related to the consulting work
done for a company. The payment for use of a device or service is non-compliant
and should not be tied to any work done.

The physician should be transparent with any conflicts of interest.

The physician should disclose conflicts of interest when relevant.

The physician should only agree to work with an entity when patient efficacy and
safety is the main goal or concern of the interested parties.

Research Integration in Clinical Practice

Integrating research into clinical practice can expand the scope of one’s clinical
expertise, act as a source of new engagement with the academic community, and
improve patient care. Possessing an extensive research background is not necessary
to begin academic work. However, knowledge of fundamental research principles,
including ethical standards in research and study design, is essential for success.
Moreover, setting up a research center in a practice requires investment in research
infrastructure, budgeting, and developing an institutional review board (IRB)
relationship.

Ethical principles in pain research evolved significantly during the twentieth cen-
tury following a larger referendum on paternalistic and abusive research practices
common during that time period [16]. Early pain research was conducted by psy-
chologists using painful stimuli to study learning and behavior [17]. As attitudes
toward human subject research changed, the American Psychological Association
published an ethics code detailing requirements for research involving deception
and physical pain [17, 18]. Additionally, the Declaration of Helsinki and other pain
management societies, such as International Association for the Study of Pain, have
further developed guidelines for ethical practices specific to pain research [19].

One of the fundamental principles in research ethics holds that the pursuit of
knowledge cannot infringe upon the safety and rights of human subjects [20].
Furthermore, research should be guided by the principles of beneficence, justice,
and respect, first conceived of in the Belmont Report [21]. Comprehensive informed
consent processes should be central to subject recruitment, and there should be pro-
visions in place for vulnerable population protection and IRB oversight [20]. Pain
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trials should be designed to maximize benefit to participants so that they may reap
the benefits of the study at its conclusion [22].

The application of these principles to RCTs has drawn scrutiny. Some ethicists
hold that the routine use of placebo in RCTs is deceptive and offers little benefit to
participants [23, 24]. Subjects risk untreated pain for the duration of the trial and
lack of access to potentially beneficial therapies. Crossover RCT design may address
this issue since subjects are exposed to both treatment and control study arms [22].
Other ethical issues in pain RCTs include studies that offer only incremental
improvement in pain symptoms. Although the magnitude of treatment effect is often
unknown prior to an RCT, studies anticipating only minor improvement in pain
endpoints offer diminished benefit to participants [22].

Pain research utilizing laboratory animals poses unique challenges to the pain
investigator. Since informed consent is immaterial in animal research, the burden of
designing a scientifically sound study falls on the research investigator. The ethical
debate of pain research in animals is predicated on the notion that since pain is a
known negative and unpleasant force, it should be minimized in animal subjects.
Vocalization, avoidance, and nursing behaviors are witnessed across animal species
[17]. However, the pain experienced in non-sentient beings may not accurately rep-
resent the conscious interpretation of pain in humans [25, 26]. The ability to sense
pain may be universal, but the capacity for suffering may be unique to humans. Pain
research in animals is likely most suited for gathering basic science data and under-
standing the physiology of pain pathways. Animal studies relying on nursing and
withdrawal behaviors are of less value when generalizing to humans [17, 27].

Investigators must also provide adequate justification for exposing animals to
pain [28]. Exposure should be maintained at the minimum level needed to achieve
the study goals [29]. This requires that the design of the study is clearly thought
through, with the goal of bridging the gap between animal and human pain experi-
ences. Practically speaking, researchers must be familiar with normal behavior in
the animals they are studying and be able to recognize pain behavior [29].
Additionally, there should be protocols in place to provide animals with analgesia,
if consistent with the study design, and for animal removal from the study if the pain
becomes debilitating [30]. Finally, the pain researcher must adhere to all govern-
mental guidelines regulating laboratory animal research.

Chronic pain research frequently utilizes a variety of study designs. RCTs are
considered the gold standard for studying interventional and pharmacologic expo-
sures. However, they can be resource intensive and carry ethical implications as
previously mentioned [31]. Observational studies can be designed to overcome
some of the practical limitations of RCTs but are prone to selection and measure-
ment biases. Choosing a study design depends on the goals of the study and the
resources at the disposal of the investigator. Designing any clinical research study
begins with formulating a question that addresses the “who” and “what” of the proj-
ect [32]. The research question determines the exposure of interest, designates the
patient population, and defines the scope of the study. If pursuing an RCT, the next
steps in study design involve determining recruitment, outcomes, and controlling
systematic biases.
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Recruitment for chronic pain trials should be limited to patients suffering from
moderate to severe chronic pain. Registering participants without significant pain
symptoms at baseline will underestimate the effects of the intervention [32]. The
study should be designed to maximize benefits to the participants, and the outcome
measures should reflect this goal. Other quality-of-life metrics (i.e., sleep quality,
mobility, and employment capacity) and changes in medication utilization should
be measured when possible [32, 33].

RCTs in general produce higher level evidence than observational studies
because they more reliably link causation between exposures and outcomes due to
the advantage of randomization and blinding. Yet, they are also susceptible to biases.
For instance, chronic pain patients typically experience the greatest magnitude of
the treatment effect early on after a study intervention, with diminishing benefits at
longer intervals. Thus, short-duration studies can overestimate the effect of the ther-
apy due to duration bias [32, 34]. Attrition and imputation bias reflect patients who
withdraw or who are lost to follow-up; RCTs that have high attrition rates or carry
forward data from withdrawn participants will overestimate treatment effect size.
Finally, studies lacking sufficient sample sizes will also tend to overestimate effect
size [32]. Therefore, investigators should carefully consider these factors to improve
the fidelity of their studies.

Developing a research center requires research infrastructure, including person-
nel that can vary in composition but often includes nurses, research assistants, data
managers, and administrative support staff. A research coordinator who is experi-
enced with practice operations is important for managing the research team, over-
seeing individual projects, and delegating tasks [35]. These tasks include, but are
not limited to, patient screening, gathering informed consent, submissions to the
IRB, coordinating patient visits, data collection, budgeting, site audits, and safety
reporting. Personnel training and the assignment of clear roles are critical for ensur-
ing proper execution of study protocols. Receiving IRB approval is also often a
hurdle for study investigators that can take months and delay study initiation.
Clinicians affiliated with a hospital or university may use their institutional IRB,
while community providers without such access can consider an external commer-
cial or central IRB. Central IRBs are preferred for multicenter trials where a single
protocol can be approved and used for multiple sites.

Financial support is essential for all research centers. Insight is needed on start-
up fees and recurring costs to sustain a research practice. If institutional or federal
support cannot be obtained, alternative sources such as grants from professional
societies, academic groups, or industry can be considered. Researchers should also
be aware that per-patient reimbursements may not be received until after enrollment
and may not cover all operational costs. Furthermore, standardizing formats for
clinical study contracts and processes for reimbursements help to expedite contract
agreements between potential sponsors and leave any major negotiations to project-
specific issues.

Ethical principles in research continue to change as investigators negotiate the
process of scientific inquiry with the need for research subject protection. Therefore,
it is incumbent upon the pain investigator to be knowledgeable of current research
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ethical standards and to be proficient in research study design. Although instituting
a research practice requires an initial intellectual and capital investment, future
research endeavors will benefit from a comprehensive approach toward practice
development.

Innovation and Patents

Physicians can change the scope of medical care through innovation. Being directly
engaged in patient care, they are best suited to recognize the shortcomings and inef-
ficiencies within the system. Most physicians identify these problems, and many
have ideas for solutions. However, the execution of transitioning these ideas to real-
ity can be intimidating.

Prescription drugs are some of the most important interventions in medicine.
They fundamentally changed the prognosis of once fatal cardiopulmonary and
infectious diseases into curable or manageable conditions. However, on account of
major side effects and public health crises that followed the widespread use of pre-
scription drugs, major regulations were imposed on drug testing and advertising
with more focus on drug safety than drug efficacy. These regulations gave rise to
prolonged, expensive approval process.

Following the birth defects associated with thalidomide, the Kefauver-Harris
Drug Act was passed in 1962 including the main elements for testing of a new drug
before approval by the FDA [36].

There are four elements required by the FDA before approving a drug to be sold
in the US market [37]:

First, there is the drug discovery that includes the identification of the compound
that acts on a clinical pathway through pivotal basic science. This is followed by
translational studies and testing on animals. Depending on the risk profile, testing
on multiple animal species may be advised.

Afterward, the drug sponsor will submit an investigational new drug application
(IND) to the FDA which includes the drug’s acting ingredients, excipients, the man-
ufacturing process, and the indication that will be studied in the clinical trials. A
committee in the FDA will review the application and will determine if the animal
studies are sufficient to start testing on humans.

Subsequently, clinical trials in three phases are established. Phase 1 clinical trials
emphasize safety and including healthy volunteers. Phase 2 clinical trials emphasize
drug effectiveness and include hundreds of patients followed by Phase 3 clinical
trials, ideally randomized, controlled, and blinded that stress both safety and effec-
tiveness of the drug in different populations and different doses.

During the application review, the FDA may require changes to drug labeling
and may inspect the drug manufacturing facilities before final drug approval.

Furthermore, the FDA may require Phase 4 trials to test for safety in the
population.

After the clinical trial, the drug sponsor will file the new drug application (NDA).
Once the NDA is received, the FDA has 6 months for review if the NDA is granted
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priority review and 10 months for standard review. Determination is based on
benefit-risk profile and no minimum threshold for effectiveness is required.

The De Novo development process entails on average 8 years from the time of
the IND submission to approval of the NDA. Total drug development is longer since
the time of preclinical development must be added to these 8 years.

In contrast, drug repurposing may cost less as it skips the initial phases of drug
discovery, screening, and Phase 1 clinical trials.

In addition, in conditions where the FDA determines that the drug needs urgent
review, approval may occur after Phase 2 trials.

Medical Device

While pharmaceutical innovation and medical device innovation share broad simi-
larities in the pathway from inception to market, medical device innovation has
unique factors that must be considered [38].

Medical devices are typically cheaper to bring to market as compared to pharma-
ceuticals. This is largely due to a reduction in costs associated with obtaining regu-
latory permission to bring products to market. Therefore, proof of concept becomes
vital with regard to valuation of the product, which is usually embodied in prototyp-
ing. Additionally, the pathway for medical device regulatory permission is different
compared to that of pharmaceuticals.

Prototyping

Once the viability and necessity of a product in the market has been clarified, the
next step is patenting and prototyping. Prototyping is an iterative process. At its
infancy, it is used to demonstrate proof of concept. As it continues to mature, it
begins to resemble the end user product. Therefore, the following prototyping pro-
cess will be described broadly as “proof-of-concept” phase and “refining” stages.

In the “proof-of-concept” phase, the first step is to define the product’s goals.
These goals are multifaceted, such as the goal of the product itself, the requirements
of the product as it pertains to the end user, the regulatory requirements that the
product is intended to obtain, and the quality assurance requirements for the product
for manufacturing and distribution.

As the clinician, it is imperative that product goals and end-user requirements are
outlined by the physician. While it is not necessary to employ regulatory and quality
assurance requirements in preliminary prototyping, it can avoid redundancy or set-
backs in future stages of prototyping. Advice on regulatory and quality assurance
requirements of the products can be obtained through engineering and legal partners.

Once a “proof-of-concept” prototype has been demonstrated, the “refining”
phase begins. In this phase, the product is transitioned from prototype to an end-user
product. This includes the abovementioned regulatory board approval and quality
assurance costs, such as analysis of product liability insurance and warranty, as well
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as creating cost-efficient product manufacturing and distribution. As the clinician, it
is important to take an active role in end-user testing of the prototype to improve the
product, as most times the clinician is best suited to evaluate end-user outcomes.
Engaging with engineering partners is important to trial different materials and pro-
cesses to reduce costs while maintaining standards of end-user outcomes. It is com-
mon at this stage to approach manufacturers to determine the current cost of goods
and quality assurance measures that will be needed for efficient mass production
and distribution. Once the prototype approaches the end-user ready product, it can
be submitted for regulatory approval.

Regulation

There is high variance in medical device regulation from a worldwide perspective.
In the United States, medical devices are regulated by the Food and Drug
Administration. All medical devices are categorized into three classes, based largely
on risk and safety of the device [38]. Class 1 and 2 devices are considered the lowest
and moderate risk potential for harm, respectively. Class 3 devices are considered
the highest risk for potential harm, such as devices that sustain or support life, are
implanted, or present potential unreasonable risk of illness or injury. All medical
devices require general controls, such as labeling and device listing. Some Class 2
devices may require special controls, such as special labeling, design characteris-
tics, performance standards, or premarket data requirements. Class 3 devices require
premarket approval (PMA), which encompasses most stringent control. There are
exemptions that exist for a few Class 1 and some Class 2 medical devices, such as
premarket notification (510 k), which can bypass regulatory testing if a device ful-
fills the criteria of a pre-approved device on the market.

The costs of obtaining regulatory approval are dramatically increased as a device
is categorized in higher classes, particularly for non-exempt Class 2 and Class 3
devices. Therefore, it is imperative to research the potential classification for your
medical device, prior to patenting and prototyping, to estimate the value of the prod-
uct in the market.

Patenting

In the United States, an invention must meet three criteria to be patentable: novel,
nonobvious, and useful [38, 39]. Therefore, when considering patenting an idea, it
is important to assess the existing patents in the field or industry, commonly referred
to as prior art. It is important to note that all issued patents are available for public
review and can be researched through patent databases. However, leaning on legal
partners at this early stage can be useful, especially in navigating prior art claims
that may impede the invention’s patentability.

Once an inventor determines that an invention can be patented, there are two
routes to patenting: nonprovisional patent application or provisional patent
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followed by nonprovisional patent application. Patents are examined and issued
from nonprovisional patent applications. Filing provisional patent applications
allows inventors 12 months from provisional application date to file a nonprovi-
sional patent application.

Benefits of provisional patent application include ability to safely disclose inven-
tion information prior to patent issuance and cost-spreading of legal fees, while
risks include longer time period until patent issuance. Benefits of nonprovisional
patent applications include quicker patent issuance, but higher upfront costs.

Conclusion

Clinical practice is the mainstay of most physicians’ professional careers. With the
uniqueness as well as the evolution and development of the specialty, pain medicine
also provides numerous opportunities for clinicians to expand beyond the tradi-
tional patient care practice. These opportunities, from medical consulting to involve-
ment in research to business endeavors, highlight non-traditional pathways beyond
the typical clinical setting. Medical legal consulting, from expert witness to IME,
enables the clinician to expand on and utilize their clinical expertise. Involvement
and integration of research into and beyond the traditional clinical practice is another
common opportunity. With the development of pharmaceuticals and biotechnology,
industry-centered consulting has further enabled physicians to expand and partici-
pate in various roles: consultants, advisors, researchers, and educators. Though less
common, innovation from pharmaceuticals to medical devices patents further allow
the entrepreneurial clinicians to translate their expertise and skillsets. For all these
potential avenues, clinical practice serves as the foundation for ever-evolving pros-
pects for diverse, challenging, and stimulating careers. All these opportunities need
thoughtful preparation and understanding but can be exciting and fulling while pro-
viding significant satisfaction and reward to those who participate.
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