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Abstract: Chronic pain has increasingly become a significant health challenge, not just as a symp-
tomatic manifestation but also as a pathological condition with profound socioeconomic implications.
Despite the expansion of medical interventions, the prevalence of chronic pain remains remarkably
persistent, prompting a turn towards non-pharmacological treatments, such as therapeutic education,
exercise, and cognitive-behavioral therapy. With the advent of cognitive neuroscience, pain is often
presented as a primary output derived from the brain, aligning with Engel’s Biopsychosocial Model
that views disease not solely from a biological perspective but also considering psychological and
social factors. This paradigm shift brings forward potential misconceptions and over-simplifications.
The current review delves into the intricacies of nociception and pain perception. It questions long-
standing beliefs like the cerebral-centric view of pain, the forgotten role of the peripheral nervous
system in pain chronification, misconceptions around central sensitization syndromes, the contro-
versy about the existence of a dedicated pain neuromatrix, the consciousness of the pain experience,
and the possible oversight of factors beyond the nervous system. In re-evaluating these aspects, the
review emphasizes the critical need for understanding the complexity of pain, urging the scientific
and clinical community to move beyond reductionist perspectives and consider the multifaceted
nature of this phenomenon.

Keywords: pain; chronic pain; nociception; sensory neuron; pain neuroscience education

1. Introduction

Pain is the chief reason for emergency medical consultations [1]. Beyond this im-
mediate concern, the escalating incidence of chronic pain in recent decades has emerged
as a major health challenge. It is now recognized as a primary contributor to disability
and work-related absenteeism, reflecting profound socioeconomic implications [2,3]. The
taxonomy of chronic pain remains under scrutiny, especially regarding whether it should
be considered merely as a symptomatic manifestation that lasts more than 3 months or
acknowledged as a distinct pathological condition [4]. In fact, the category “Chronic Pain”
is included in the ICD-11 (International Classification of Diseases) comprising seven differ-
ent groups of chronic pain [5]. This distinction plays a pivotal role in shaping discussions
around its therapeutic strategies and the necessity for patient-specific interventions.

In the realm of chronic pain management, in some conditions, a discernible paradox
emerges: Despite the proliferation of medical interventions, the prevalence of pain disor-
ders persists unmitigated [6]. Considering the modest outcomes associated with many
pharmacological regimens and the recalcitrant nature of pain across an individual’s lifespan,
there is an evident gravitation towards investigating non-pharmacological interventions
that promise cost-effectiveness and notable improvements in patient quality of life [7,8].

Notably, contemporary clinical guidelines for diverse chronic pain conditions advocate
for the integration of therapeutic education, structured physical activity, and cognitive-
behavioral therapy as foundational therapeutic avenues [9-11]. Within this context, the
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past decade has witnessed an augmented focus on pain neuroscience education, conceived
to equip patients with a coherent comprehension of their condition. This strategy seeks
to dispel prevailing uncertainties, curtail fear-avoidance tendencies, and fortify patient
self-efficacy, among others [12].

With advancements in cognitive neuroscience, there emerges an interpretation that
posits pain primarily as a brain-derived output. In a figurative context, pain pedagogy un-
derscores pain as a cerebral appraisal [13]. This viewpoint aligns with the tenets of Engel’s
Biopsychosocial Model, positing that disease manifestation is not merely a consequence
of biological underpinnings but is intricately interwoven with psychological and social
factors [14].

This shift in paradigm has introduced nuanced complexities, potentially leading to
misconceptions that bear substantial ramifications for patients, educators, and researchers
in practical settings. Consequently, within this review, we endeavor to re-examine the
intricate mechanisms underpinning pain, emphasizing the necessity to eschew reductionist
interpretations of this multifaceted phenomenon.

Highlighting the seminal findings of recent years that challenge long-held assumptions
in both clinical and research domains: Is pain experience a cerebral phenomenon? Have we
conflated nociception with pain? Is the chronification of pain solely attributable to central
mechanisms? Have we misunderstood central sensitization syndromes? Is there a specific
neuromatrix dedicated to pain processing? Have we overlooked critical elements beyond
the nervous system?

2. Pain and Brain: A Mereological Fallacy We Should Abandon

The nascent period of neuroscience and the exploration of cortical studies engendered
certain “cerebrocentric” tendencies. In this paradigm, the brain was posited as the sole
agent and thus the focal point of pain. This notion pervaded the pedagogy of pain, forging
viewpoints profoundly shaped by the currents of functionalism and connectionism. This
led to the propagation of aphorisms such as “pain is an output of the brain” or “pain is
an opinion of the brain” [13]. A conception that emerged from connectionist analogies
describes that the brain processes information through neural networks, similar to how
a computer would use its circuitry to perform computations. Continuing with this, the
brain would take stimuli as inputs, producing outputs in the form of behaviors and
perceptions [15]. This all culminates with the hypothesis by several authors that when the
brain perceives a threat (or potential threat), it decides to produce pain for the protection
of the organism. Where “the impact of pain is dependent on the value of the perceived
threat” [16], rescuing an “evaluativist” vision of pain [17].

It is true that this perspective may be backed by some evidence, where several authors
uphold this connectionist hypothesis when facing a threat. For example, connectivity prior
to a stimulus can modulate and determine the perception of pain [18], dopamine and the
reward system (relevant in motivational states) influence the perception of pain [19], the
insula plays an important role in the chronification of pain [20], complex emotions such as
nostalgia modulate the perception of pain through thalamocortical mechanisms [21], and
brain activity may monitor and modulate the relevance and degree of pain [22], among
a host of other studies focused on brain research in pain contexts through neuroimaging.
However, are these data examples truly supportive of the mentioned narrative?

We must be cautious in how this evidence is interpreted and avoid falling into exces-
sively “brain-centric” reasoning, as this reduces a complex human and subjective experience
to merely the consequence of an organ, thereby falling into the known mereological fal-
lacy [23]. A concept that describes the error of attributing characteristics and subjective
experiences to single components of a whole. In fact, some authors highlight this fallacy
as “the central error of many cognitive neuroscientists” [24]. Pain is more understand-
able when we assign it to the whole itself and to the emergent properties that arise from
the interactions of the components of a complex system. This is not limited to pain but
applies to biology itself, also viewed epistemologically from the perspective of complex sys-
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tems [25,26]. Ascribing aspects solely to the brain, disregarding the organism, constitutes a
fallacy, falling into speculation rather than empirical evidence and fact-checking.

Building upon this discourse, we have now come to recognize that even pain typically
ascribed to central mechanisms often embodies alterations or involvement within periph-
eral systems. Consider, for example, phantom limb pain—an aftermath of amputation—
which has historically been perceived through a predominantly brain-centered lens, at-
tributing this condition to cortical reorganization [27]. However, the significant role that
peripheral factors play in both the onset and maintenance of this pain has often been
insufficiently acknowledged [28]. These consist of the interplay of peripheral neuromas,
the influence of ectopic discharges, and the sensitization of dorsal root ganglia, among
others [29]. In fact, interventions aimed at the periphery can also yield effective results
in mitigating phantom limb pain [30]. Therefore, the binary discourse debating whether
phantom limb pain is a bottom-up or top-down process is not as straightforward, and the
pivotal contribution of peripheral mechanisms to changes in cortical reorganization, among
other factors, should not be underestimated.

Fibromyalgia presents another salient example of a condition characterized by widespread
chronic pain. Owing to its apparent nonspecific nature, it has over recent decades been
relegated to a controversial catch-all category, laden with labels and stigma, where the
condition seemed reduced to “psychosomatization”. This perspective perhaps still persists
today in Western societies [31]. However, fibromyalgia is now more widely recognized, and
neuroimaging studies have revealed significant alterations in the brain areas that have been
identified as key regions in the pain experience, as described by Melzack. Along with the
popularization of the concept of central sensitization, this led to a portrayal of fibromyalgia
as a condition of purported “pain amplification” and hypersensitivity, where, once again,
the brain ultimately decides to elicit it [32]. These terms and conceptions continue to
provoke rigorous analysis and debate in the field today. Moreover, this point of view
inadvertently ignores the other side of the story. If we consider peripheralist perspectives,
it is known that the peripheral nervous system can play an essential role in the production
and maintenance of pain [33]. For example, there is a potential link between fibromyalgia
and pathological changes in small nerve fibers, characterized by a reduction in the density
of both myelinated and unmyelinated fibers [34], low-grade systemic inflammation which
can affect nociception itself [35-37], changes in gut microbiota [38], and microvascular
alterations, among other factors [39].

These examples of two contexts commonly attributed to cortical reorganization cast
doubt on the occasional reductionist tendency within the field of pain. However, it is not
solely a matter of the peripheral nervous system interacting with the central system but
also the myriad contributors that continuously modulate its activity. This underscores the
importance of other factors such as the immune system and hormonal variables [40].

In this context, it is imperative to approach dichotomous perspectives with caution.
Within the biomedical domain, we must circumvent the fundamental missteps that have
historically ensnared other disorders, as exemplified by the serotonergic hypotheses associ-
ated with depression [41]. In our area of study, adherence to simplistic metaphors, such
as an imbalance between excitation and inhibition, may lead to an oversimplified belief
that medical intervention targeting one pathway could suffice to ameliorate the condition.
Nonetheless, the contentious application of opioids and antidepressants, accompanied by
their long-term effects, is an example that reflects a nuanced complexity that transcends
any binary categorization [42—44]. The current predicament surpasses the realm of specific
pharmaceuticals, presenting us with a debatable issue of healthcare medicalization and/or
over-medicalization that also demands critical scrutiny [45]. Concurrently, the burgeoning
trends in cognitive-behavioral modalities must not neglect the vast expanse of biomedical
knowledge, acknowledging that the experience of pain transcends mere cerebral interpreta-
tion, a perspective that has to consider the under-treatment of pain that is present in some
contexts [46].
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Ultimately, caution is necessary to avoid the mereological fallacy in the field of pain,
where hypotheses postulating that the perceived threat compels the brain to produce pain
are, to some extent, unfalsifiable; hence, many of them are unscientific. Such perspectives
should not detract from the body of knowledge that has been accrued in the field of pain
science today.

3. Discerning the Ambiguity between Pain and Nociception: A Crucial Source
of Misnomers

The International Association for the Study of Pain (IASP) diligently examines its
ontology and epistemology, meticulously crafting logical terms and definitions published
by the association [47]. However, when confronted with terms not adequately defined
by the IASP, a scenario of epistemic gaps emerges, potentially leading to confusion [48].
In this light, pain neuroscience education has gained prominence as a prevalent clinical
approach in recent years [49]. Within such a framework, statements such as “pain is not
nociception” or “pain is not tissue damage” have been frequently reiterated. Nevertheless,
the amalgamation of inherent simplicity and continual repetition may instigate both the
bias of plausible simplicity and the availability bias, where simplified and repetitively
echoed statements become accepted truths without question [50,51]. These biases can
significantly influence decision-making processes not just in clinical settings but also within
scientific contexts [52].

This sets the stage where these assertions run the risk of generating confusion and
misinterpretations. As a result, we must confront an essential question: Are we over-
simplifying these distinctions to the point where we risk creating fallacies?

On the one hand, the International Association for the Study of Pain (IASP) acknowl-
edges the inherent complexity that characterizes pain, defining it as an unpleasant sensory
and emotional experience associated with actual or potential tissue damage, or described in
terms of such damage [47]. Therefore, pain is connected to a highly individual experience,
characterized by unique properties shaped by qualia [53]. This concept, which has been
popularized in the fields of philosophy of science and mind, encapsulates the subjective
and idiosyncratic qualities of perception. It highlights the intricacy involved in compre-
hending pain, echoing the so-called hard problem of consciousness: The enigma of how,
why, and at what point a subjective experience originates from physical processes within
our bodies [54].

This phenomenon is also inseparable from the exploration of the interrelation between
mental phenomena and their substrates [55]. Hence, pain as a qualia cannot merely be
reduced to nociception but rather requires considering the subject’s subjective experience
with the accompanying high degree of interindividual variability.

Nociception, on the other hand, is conceived as the neural substrate linked to harmful
or potentially harmful elements. This term is specifically defined by the IASP as the neural
process of encoding noxious stimuli [56]. Despite the clarity of the primary distinction
between the terms—pain and nociception—a plethora of misinterpreted concepts persist.
It must be remembered that pain is not a “concrete thing”, and the representation of it is
heavily influenced by language [48]. In this context, countless misnomers are encountered
at both the scientific and clinical levels: Names or terms applied incorrectly that ultimately
lead both research and clinical practice astray [57]. Notable misnomers include concepts
like pain thresholds, pain processing, pain amplification, pain fibers or pathways, and pain
hypersensitivity, among others [48]. Rather than providing clarification, these concepts
contribute to confusion in the field of pain-related medical education.

In addressing this topic, a substantial part of pain pedagogy leans towards reduc-
tionism, often resorting to thought experiments and contentious, debatable case studies.
One such case involves a situation where a man presented to the emergency room with
severe pain despite the absence of any apparent noxious stimulus [58]. The case recounts
an incident where a man suffered an accident at work involving a large nail that fell onto
his foot. This accident caused him intense pain, but upon removing his boot, the nail
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was found lodged between his toes without any evident tissue damage. This scenario
prompts the question: Does it genuinely illustrate the existence of pain without nociception
and/or damage?

The reality remains that the evidence supporting this assertion is far from compelling,
and these perspectives run the risk, erroneously, of leading patients and clinicians back
to a psychogenic phenomenon. Untested thought experiments and anecdotal evidence
distance us from a reality that we must keep in mind: Nociceptive activity remains one
of the strongest predictors of the experience of pain [59,60]. Demonstrating the empirical
manifestation of pain without underlying nociceptive activity is truly challenging. It is
crucial to maintain a critical stance and rethink new propositions that have emerged in the
past decade, such as pain without nociception. Once again, this assumption deviates from
evidence-based substantiation and should be approached with caution, at least for now.

However, it is true that the relationship between nociception and the perception of
pain is not linear. Nociceptive information is modulated by a variety of factors. In this
context, cognitive factors, such as attentional processes, expectations, and placebo, can
greatly influence the final perception of pain [61]. Emotional states [62], uncertainty [63],
descending inhibitory and facilitatory modulation [64], and other sensory inputs, as pro-
posed by the Gate Control Theory [65], are among the many factors that can also play an
important role.

Within this context, specifically concerning therapeutic pain education, a debate may
arise between the utility and accuracy of language [66]. We find ourselves coexisting
with concepts we have had to abandon in recent years despite their seeming usefulness,
precisely because of the inherent nocebo effect they carry. In an effort to improve pain
management, new conceptualizations that encompass advancements in the understanding
of pain were proposed. However, in agreement with Cohen et al., language is all we have in
some respects, and utility should not overshadow the precision required by the complexity
of pain—particularly considering that pain may not be a “thing” with inherently active
properties or characteristics [67].

Hence, all of these aspects bring nuance to the traditional notions we hold, indicating
the inherent complexity of both nociception and pain. While these concepts are not syn-
onymous, they are not so distinct as to be separated by a clear-cut line in pain pedagogy.
Moreover, it is crucial to acknowledge the profound importance of language, as it plays a
guiding role in shaping our understanding.

4. Starting from the Periphery: Does Pain Modulation Begin in the Central
Nervous System?

From a reductionist standpoint, it can be observed that the study of pain has encom-
passed both cerebrocentric and peripheralist perspectives. Initially, the understanding in
this field was markedly shaped by the Cartesian viewpoint, a paradigm that propelled a sig-
nificant leap forward in the physiology of pain by Descartes proposing that pain emanated
from nociceptive projections directed towards the pineal gland [68]. As time progressed,
the focal point of study gradually transitioned towards the central nervous system.

At present, it is acknowledged with considerable certainty that noxious (or potentially
noxious) stimuli, whether originating internally or externally, are transduced to nerve
impulses. This transduction is facilitated largely due to the pivotal role of nociceptors and
some mechanoreceptors, which are endowed with a vast array of ion channels specialized
in sensing and reacting to various environmental factors, such as temperature, mechanical
stress, or pro-inflammatory conditions, among numerous others [69].

Within this complex system, there are ion channels vital for nociception: those that
facilitate the transduction of specific stimuli through the influx of calcium and/or sodium
(TRP family, P2X, ASIC, PIEZO, etc.), voltage-dependent channels that hold significant
relevance in the genesis and propagation of action potentials (Nav, Cav, etc.), and channels
that govern potassium discharge (Kv, Kir, K2P, KaCa, KNa, etc.), among others (5-HT3,
HCN channels, TMEM16, TKTr, etc.) [70]. Furthermore, these nociceptors are essentially
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pseudounipolar neurons, with their somas situated within the dorsal root ganglia, a struc-
ture integral to nociception. However, it must be emphasized that the scenario is more
complex than it seems, and based on their individual characteristics, various types of
nociceptors can be identified.

Based on myelination levels, most nociceptors are categorized as C fibers, which have
small diameters and low myelination, conducting impulses at speeds between 0.4 and
1.4 m/s. In contrast, A fibers feature higher myelination and faster conduction speeds
ranging from 5 to 30 m/s [71]. However, it is clear that the complexity goes beyond
mere myelination levels and is also determined by their specialized roles, governed by
differences in expression patterns. Within this context, several nociceptors have been
identified, each exhibiting different sensitivities and functionalities. For instance, there are
non-peptidergic mechanonociceptors that seem to respond solely to mechanical stimuli
(MrgprD*), alongside peptidergic nociceptors sensitive to harmful cold temperatures
(TRPMS8™). Furthermore, some peptidergic nociceptors are responsive to both noxious heat
and, likely, mechanical stimuli, identified by markers, such as TRPV1, TRKA, and CGRP.
Additionally, A fiber mechanoreceptors without free nerve endings play a crucial role in
mechanonociception. These include receptors mediating pin-prick pain, characterized
by TRKA, CGRP, and Npy2r presence, as well as those facilitating painful mechanical
sensitivity (TRKA and CGRP") [72]. However, this classification is complex, encompassing
silent nociceptors that become active in the presence of inflammation [73], as well as
low-threshold C fibers serving as mechanoreceptors, facilitating the pleasant touch [74].

In light of the information discussed, the activity of nociceptors is intrinsically inter-
twined with the immune system’s operations. This correlation is prominently illustrated
through the events of peripheral sensitization, a condition delineated by the IASP as a
state of “Increased responsiveness and diminished threshold of nociceptive neurons in
the periphery to the stimulation of their receptive fields” [56]. In an effort to elucidate
the neurobiological mechanics of this phenomenon, previous investigations have revealed
a plethora of mediators in the extracellular milieu, alongside a sophisticated cross-talk
with the immune system. This interaction is capable of triggering signaling cascades that
ultimately augment the sensitization of nociceptors, enhancing their responsiveness to
external and internal stimuli [75].

Beyond the essential characterization of peripheral phenomena and peripheral sen-
sitization, there are recent and significant implications that should not be overlooked in
this field. Indeed, in a popularized and simplified manner, it has been established that
the integration of information and modulation of nociception commence at the spinal
cord level, grounded on the Gate Control Theory, which hinges on the action of inhibitory
interneurons [65]. This assumption might be steered by the apparent absence of inhibitory
interneurons and synapses in the periphery.

However, recent propositions suggest that intrinsic GABAergic signaling is in opera-
tion within the dorsal root ganglion (DRG) itself, potentially serving as the “first peripheral
gate” at the axonal bifurcation of the DRGs [76,77]. The discourse extends beyond merely
addressing GABAergic modulation in the DRGs; it additionally underscores the importance
of the peripheral opioid and endocannabinoid systems [78,79]. This includes their active
roles at the terminals, where they appear to mediate a substantial portion of the analgesic
effects of synthetic cannabinoids, notably through the engagement of CB1 receptors [80].
Furthermore, observations point to a diminished release of inflammatory mediators in
states of peripheral sensitization, a process mediated through CB2 receptors in the immune
system [81]. This delineates an area of research that demands further intricate exploration
and deciphering.

Furthermore, a frequently neglected facet regarding the significance of the periphery
resides in the inherent spontaneous activity of sensory afferents, which might be intricately
linked with a sustained feedback interaction with the central nervous system (CNS), fos-
tering a persistent somatosensory alteration. Indeed, this peripheral activity could play
a pivotal role in sustaining central sensitization [82]. Despite the prevailing assumption
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that pain is perpetuated by central mechanisms in pathophysiological contexts, emerg-
ing evidence suggests that peripheral hyperexcitability and spontaneous activity might
be intricately connected to pain [83,84]. These occurrences are closely associated with
membrane potential instabilities (MPIs), manifesting as membrane potential oscillations or
spontaneous depolarizing fluctuations, potentially serving as a theoretical model for ectopic
discharges and repetitive firing, among other phenomena [85]. It seems that both MPIs
and spontaneous activity might be correlated with the spontaneous opening of channels
permeable to Na* and/or Ca?* [83-87].

Additionally, recent findings illuminate the complexity of peripheral cross-talk, in-
cluding the transfer of mitochondria from macrophages to nociceptors as a modulation
strategy for inflammation [88], the role of cytokines such as the macrophage migration
inhibitory factor in the previously mentioned spontaneous activity [89], the critical commu-
nication between satellite glial cells and the DRGs [90], and the regulation of nociceptor
sensitization through top-down mechanisms, including the engagement of the HPA axis in
the peripheral nociceptors regulation [91].

Therefore, we encounter evidence that underscores pivotal aspects in understanding
nociception, which ought to be emphasized: (1) the inherent dynamic adaptability of the
peripheral nervous system to transition between various states, (2) the ongoing discourse
regarding whether the subjective perception of different experience of pain stems from the
processing and integration of all sensory inputs or, alternatively, from the specific neural
activity of various subtypes of sensory afferents, (3) the critical role of continuous commu-
nication between the immune system and the nervous system operating as a cohesive unit,
(4) the chronification of pain is not solely rooted in alterations within the central nervous
system, and (5) both the integration and modulation of nociception are ubiquitous phenom-
ena. Consequently, this perspective challenges a cerebrocentric view of pain emergence,
wherein the significance of the peripheral contributions cannot be dismissed.

5. Central Sensitization as a Focus of Confusion: Weaving Threads of Uncertainty

The spinal cord plays a pivotal role in transmitting and processing information. Pe-
ripheral nociceptors send information to the dorsal horn, where second-order neurons
receive and transmit it in an ascending manner to cortical areas. However, within the dorsal
horn, a complex network of excitatory and inhibitory interneurons utilizes glutamate and
GABA (among others) as key neurotransmitters to modulate the transmission of nociceptive
signals, ensuring precise and accurate modulation [92]. Additionally, descending projec-
tions from higher brain regions, including the periaqueductal gray matter, rostroventral
medulla, dorsal reticular nucleus, and ventrolateral medulla, exert regulatory control over
nociception. These descending pathways critically modulate nociception, contributing to
the overall pain experience [93].

The synapses formed between nociceptive afferents and second-order ascending
neurons are located in key regions of the dorsal horn. In fact, Rexed classified spinal
cord neurons into different laminae (I-X) based on their size, shape, and structure [94].
Specifically, laminae I, II, and III play a crucial role in the processing of nociceptive infor-
mation, receiving inputs from unmyelinated polymodal C fibers and thinly myelinated A%
fibers [95].

Within these laminae, intricate neural circuits are formed, where components of the
posterior horn are interconnected with multiple interneurons and primary afferents. The
proposal of the Gate Control Theory by Melzack and Wall emphasized the importance
of these circuits [65]. In this aspect, injury or inflammation, for instance, can lead to
the development of hyperalgesia, allodynia, and spontaneous pain. These processes are
believed to involve changes at the level of these dorsal horn synapses, including synaptic
plasticity (long-term potentiation, LTP), reduction in inhibitory GABAergic/glycinergic
neurotransmission, and alterations in the properties of mechanoreceptive afferents, among
other mechanisms [96]. Therefore, this area is essential for understanding nociception.
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Along the same line of inquiry, it was Woolf who conceptualized and characterized the
phenomenon of central sensitization in preclinical studies. This intricate phenomenon in-
volves enduring modifications in the excitability of second-order neurons within the spinal
cord, elicited by heightened afferent activity, thereby intricately altering the somatosensory
system itself [97]. The profound implications of this concept were further underscored by
the seminal discovery of long-term potentiation (LTP) in the hippocampus by Bliss and
Lomo, where synchronous high-frequency input was found to engender synaptic efficacy
enhancement [98]. Subsequently, analogous mechanisms were unearthed in the spinal cord
with the discovery of long-term depression (LTD) [99].

Today, LTP is recognized as an indispensable mechanism underpinning our compre-
hension of central sensitization [100]. The substrates underlying this synaptic plasticity are
profoundly activity-dependent, intricately governed by glutamatergic neurotransmission
and the modulation of post-synaptic AMPA and NMDA receptors, among other factors.
Indeed, the neurobiological underpinnings of central sensitization extend far beyond mere
adjustments in synaptic efficacy (particularly those confined to activity-dependent modifi-
cations). They encompass comprehensive transformations in neural circuitry, manifested by
an augmented release of neurotransmitters from the presynaptic neuron, a down-regulation
in inhibitory signaling, modulations in membrane excitability, adaptations in microglial re-
sponsiveness, and astrocytic disturbances, among a multitude of other nuanced alterations.

The progressive comprehension of central sensitization has emphatically underscored
the clinical significance and pragmatic repercussions of these biological underpinnings in
the realm of pain perception, a clinical viewpoint defended by Woolf [101]. Concurrently,
Yunus, within the context of clinical research, pioneered and substantiated the perspective
that various diffuse clinical presentations (such as fibromyalgia, myofascial pain syndrome,
chronic fatigue, and irritable bowel syndrome, among others) exhibited considerable com-
monalities in the absence of discernable tissue origin. This observation prompted him to
introduce the concept of “central sensitization syndromes” (CSS), constructing a theoretical
model that was predicated on the phenomenon of “central sensitization” [102]. Neverthe-
less, the association drawn between central sensitization and CSS was an extrapolation
from deductive reasoning. In fact, it was postulated that the atypical responses of subjects
to thermal stimuli (among others), coupled with discernable neuroimaging alterations in
reaction to these stimuli, indirectly hinted at the central sensitization mechanisms proposed
by Woolf.

Abiding by the foundational principles of logic, the presented argument does not
withstand a valid or scientifically robust line of reasoning. It reveals a potential flaw
in deduction, where strong general premises based on preclinical studies with animal
models (central sensitization) lead to specific conclusions in another distinct area (clinical
presentations). Within this deductive framework, there can be an occasional failure to
contemplate all potential models when addressing a problem.

Thereby leading to the inference of conclusions that remain in the realm of possibility
rather than being definitively correct or accurate [103]. Ergo, the application and tacit
acceptance of these premises (central sensitization as the main mechanism of CSS) remain
notably contentious. In fact, at present, we lack a definitive method to establish and
demonstrate the presence of central sensitization in human subjects.

Moreover, recent systematic reviews suggest that purported central sensitization
questionnaires do not entirely align with sensory aspects. However, they demonstrate a
substantial correlation with psychological constructs, such as depression, catastrophizing,
anxiety, stress, and kinesiophobia, among others [104]. Furthermore, other reviews that
incorporate neuroimaging studies from diverse pathological contexts fail to support the
concept of CSS. In these studies, it is observed that, notwithstanding a commonly amplified
response to stimuli, the assorted phenotypes remain indistinguishable in their classification.
This underlines that marked heterogeneity is observed in individual differences, both
across different syndromes and within the same syndrome [105].
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Notwithstanding the aforementioned, over the course of time, the hypothesis that cen-
tral sensitization underlies chronic pain has surreptitiously transitioned into an assumption.
This shift seems to dismiss the fact that central sensitization has been delineated within
laboratory environments, employing electrophysiological experiments that facilitate the
recording of neural activity through a range of paradigms.

Thus, the mystified concept of centralized pain resulting from central sensitization
became ingrained in clinical practice, research, and education [106,107].

In a similar vein, these interpretations and classifications gained traction within the
field of pediatrics, encapsulating constructs such as amplified pain syndrome. This sweep-
ing categorization includes non-specific headaches, generalized musculoskeletal pain, and
various types of abdominal discomfort, among others. All of these conditions exhibit a
hypothetic unifying feature: central sensitization [108]. These challenges reemerge due
to persistent epistemological confusion, where the purported hypersensitivity integral to
central sensitization is not directly attributed to pain itself. Instead, it could arguably and
speculatively (at least in humans) refer to phenomena that modulate nociception, ultimately
influencing the painful experience. Despite the latter, these pathophysiological scenarios
continue to be perceived as manifestations of central sensitization, thereby inducing hyper-
sensitivity. This leads us to a circular argument: “The primary pathophysiological feature is
a sensitized central nervous system that results in an enhancement in the processing of pain
and sensory stimuli” [107,108]. Upon close scrutiny, it seems that the pain is ascribed to
sensitization that heightens hyperexcitability, consequently intensifying pain—an argument
that paradoxically uses itself to explain its premise [108].

However, these presuppositions pertaining to central sensitization have found broad
acceptance in the domain of clinical taxonomy, thus endorsing premises that are currently
inaccurate. The objective of this review is not to dispute the potential role of central sensiti-
zation as a mechanism underpinning chronic pain states; rather, it challenges the notion of
CS serving as the primary etiopathogenesis in an array of contexts. Concurrently, it under-
scores the necessity for a discerning stance on generalizations—a fundamental pitfall that
needs to be rectified in scientific endeavors. Just as the recourse to circular arguments for
elucidating intricate pathologies should be avoided. At this juncture, it is incumbent upon
us to critically examine our inferences and adopt more appropriate provisional concepts,
while exploring and corroborating the factors substantiated in pathologies of such profound
complexity. In the same context, it is vital to acknowledge that central sensitization, as
characterized in animal models, is not merely a process of synaptic plasticity. Indeed, its
neurobiological underpinnings extend to encompass the neural circuitry at large [101].

6. Cortical Processing: Does the Pain Neuromatrix Really Exist? A Controversial
Simplification

The information derived from nociceptors is conveyed to higher cortical areas through
various ascending pathways within the anterolateral system, facilitating its processing
through the coordinated interaction of distinct brain regions. This system encompasses
the spinothalamic tract, spinoreticular tract, and spinotectal tract and was evidenced
by previous investigations utilizing post-mortem and neurosurgical studies, which also
proposed a discernible functional division within the spinothalamic tract [109]. Wherein a
lateral and medial pathway exists, exhibiting differential transmission and processing of
nociceptive information [110,111].

Within this framework, the lateral system has traditionally been recognized as a prin-
cipal contributor to the sensory-discriminative aspects of pain, encompassing aspects such
as localization, intensity, and duration [112]. This system involves the lateral thalamic
nuclei, somatosensory cortices S1 and S2, as well as the insular cortex, which collectively
contribute to the integration of sensory afferences [109]. Conversely, the medial system has
been proposed as a comparatively slower pathway responsible for the processing of affec-
tive components of pain [112]. It encompasses structures like the medial thalamic nuclei,
anterior cingulate cortex, prefrontal cortex, and key structures like the amygdala [113].
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Clinical cases and lesion paradigms provide support for distinct functional roles
of these areas in relation to pain, as evidenced by how localized lesions in the anterior
cingulate cortex (ACC) induce alterations in affective pain components [114], while lesions
in somatosensory areas impact the sensory-discriminative components of pain [115,116].
A particular instance exemplifying this role differentiation is pain asymbolia, a specific
type of depersonalization. In such cases, individuals experience a dissociation wherein the
pain perceived is not acknowledged as their own [117]. Such dissociative cases present two
opposite poles: a division between the sensory facets of pain and the affective-emotional
constituents, and vice versa [118].

In this aspect, it is important to clarify a fundamental distinction between essential
percepts: pain and suffering as closely interconnected entities, albeit not synonymous [119].
Suffering can occur independently of pain, just as pain can be experienced without implicit
suffering. These phenomena likely differ in their underlying biological correlates, which is
crucial for understanding pain. In this aspect, pain is considered an acute stressor [120],
and prolonged pain can lead to alterations in the correlates of pain unpleasantness, anal-
ogous to the effects of chronic stress [121,122]. For instance, studies have demonstrated
that in healthy individuals, pain-related brain activity involves the ACC and anterior
insula [123]. Conversely, chronic pain appears to engage cognitive areas of the insula
and other corticolimbic regions associated with emotional processing [124,125]. Paradox-
ically, suffering can modulate our susceptibility to pain perception, with psychosocial
factors such as catastrophizing, helplessness, and excessive rumination influencing pain
experiences [126,127].

The growing availability of neuroscientific techniques like fMRI, PET, SPECT, and
EEG, among others, has shed light on the significant role of cortical processing in pain
perception. Former perspectives based on localizationism suggested the existence of specific
and specialized regions responsible for pain perception [128], proposing the notion of a
“pain center”. However, contemporary evidence suggests that pain does not stem from
the activation of a single center but involves the coordinated engagement of multiple
brain structures. This led to the hypothesis of a “pain neuromatrix”, a network of specific
structures responsible for processing nociceptive information and generating the experience
of pain [129].

However, this concept was originated by Melzack, who initially proposed the existence
of a neuromatrix consisting of widespread neural networks that include somatosensory,
limbic, and thalamocortical components. Together, these components contribute to the
sensory-discriminative, affective-motivational, and cognitive-evaluative aspects of the pain
experience [130]. Moreover, Melzack’s theory introduced the concept of a neurosignature,
suggesting that pain is determined by the synaptic architecture of the neuromatrix, influ-
enced by both genetic and sensory factors [130]. Importantly, the neuromatrix theory of
Melzack was not limited to a specialized network solely dedicated to pain processing but
plays a crucial role in perceptual outputs.

Many other researchers have further developed and characterized this theoretical
model, leading to the emergence of the pain neuromatrix [131]. This term arose due to
the observed correlation between perceived pain intensity and the magnitude of response
within the structures of the pain neuromatrix [132]. Additionally, the pain neuromatrix
areas demonstrate modulatory capabilities influenced by those factors that can reduce
pain perception [133]. Consequently, the concept of a pain-processing network gained
momentum in pain research, and some authors even consider the pain neuromatrix as a
potential biomarker and an objective measure of pain perception [134,135]. However, these
perspectives suggesting that pain is the exclusive percept emerging from this network have
generated debate [136]. Therefore, it remains crucial to question whether those suggesting
specific activation of the pain neuromatrix have robust experimental evidence to support
their claims.

Looking at the other side of the argument, there are observations that challenge this
model [129,131,136,137]. A significant portion of neural activity within the pain neuroma-
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trix in response to nociceptive stimuli appears to be nonspecific to nociception itself [129].
Notably, certain points emerge: (i) no primary cortical area has been exclusively identified
to process thalamocortical nociceptive input; (ii) no cortical column exhibiting preferential
response to nociceptive stimuli has been described; (iii) specific nociceptive neurons have
been reported across different areas, but their distribution is extensive, and their charac-
terization is based on a high activation threshold. It is noteworthy that many of these
neurons can also be activated by other sensory modalities, such as visual stimuli perceived
as “threatening”; (iv) the relationship between perceived pain intensity and neuromatrix
activation is nonlinear; and (v) the influence of context and novelty on neuromatrix acti-
vation has been emphasized [129,136]. These findings challenge the notion of specificity
in exclusively eliciting pain. In fact, authors like Patrick Wall suggest that continuing to
search for such specific cells is an act of faith [138]. Thus, it raises doubts about whether
the information processed within these areas is intrinsically linked to pain or rather to the
salience and relevance of sensory stimuli. It is plausible that some nociceptive projections
may be involved in predicting and evaluating consequences, indicating a nonspecific role
in pain perception.

The preceding discussion prompts the consideration of theoretical models that chal-
lenge the notion of a specific neuromatrix for pain. From an alternative perspective, the
emphasis shifts towards the importance of the matrix in detecting the salience of sensory
stimuli [136]. This view aligns with the nonlinearity often observed in the experience of
pain, and the “pain neuromatrix” is conceptualized as a system involved in the detection,
attentional orientation, and response to highly relevant sensory events within a specific
context. This cortical system is believed to play a fundamental role in detecting events that
are significant for bodily integrity, regardless of the sensory modality involved. Addition-
ally, it is proposed that this system contributes to the construction of a multimodal cortical
representation of the body and its immediate spatial surroundings, serving as a potential
defensive system for the organism [136].

This salience hypothesis aligns with insights provided by other researchers in un-
derstanding the underlying mechanisms of reward and aversiveness at the cortical level,
offering a more comprehensive perspective on the dynamic interplay between these con-
structs [139].

The unpleasantness of pain constitutes a crucial component in its understanding, and
there is evidence to suggest that complex conditions such as chronic pain may share neuro-
biological foundations with addictive disorders [140]. Within this framework, functional
magnetic resonance imaging studies have indicated that the impact of a reward diminishes
in the presence of a threat, and conversely, the perception of a threat is attenuated in the
presence of a reward. These findings support the notion that reward and threat processing
are not inherently independent but rather engage in a competitive process. Key structures,
including the anterior insula, ventral tegmental area, putamen, and striatum, are implicated
in detecting and evaluating salient stimuli. This competitive system is hypothesized to
enable the identification of stimuli crucial for the organism’s survival and adaptation [139].

Nonetheless, these models could overlook the unceasing predictive ability of complex
organisms, a vital factor for survival. Recent developments in the computational realm
of cognitive neuroscience and machine learning are introducing pain as a heuristic and
probabilistic mechanism [141,142]. Indeed, the incorporation of pain probabilistic mech-
anism paves the way for effective maneuvering in a world saturated with uncertainty, a
concept phenomenologically defined as “A state where a given depiction of the world
cannot be employed as a compass for guiding subsequent behavior, cognitive processing,
or emotional response” [143].

It is therefore noteworthy to emphasize the emergence of a Bayesian approach to
comprehending pain [144]. In fact, perception itself follows a probabilistic model to some
extent, allowing for the management of ambiguity and the filling of informational gaps
with prior knowledge. Thus, the perception of pain extends beyond the mere processing of
sensory information, incorporating predictions based on past learning experiences. In fact,
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the concept of chronic pain has been described by some researchers as aberrant Bayesian
inferences [145], highlighting the role of predictive processes in shaping the experience
of ongoing pain. Within this context, it is essential to recognize the fundamental role of
learning processes in the understanding of pain. Evidence suggests that both classical and
operant conditioning mechanisms significantly contribute to the complex phenomenon of
pain [146-148]. Moreover, studies have demonstrated the capacity to evoke nocifensive
behaviors by exploring specific engrams, which represent the intricate configuration of
neural connections associated with a particular memory [149]. These learning processes also
modulate nocebo and placebo effects arising in pain treatment through expectations, where
prior conditioning and/or suggestion can influence both the exacerbation and alleviation
of the patient’s pain experience [150-152].

Referencing the Bayesian Model within the context of pain indirectly references one
of many modern theories of consciousness (ToC), specifically the comprehension of con-
sciousness through predictive processing [115,153]. This approach suggests a framework
for the systematic mapping of neural mechanisms onto certain domains of consciousness.
Within this context, key dichotomies must be noted when discussing different theories of
consciousness [154]. These include (i) global states versus local states, where the former is
understood as levels of consciousness and the latter correlates with conscious contents or
qualia; (ii) phenomenological properties versus functional properties, each having a unique
objective; and (iii) the selection of a local state (why a subject possesses a specific local state)
versus the experiential characterization of local states (why a specific local state is tied to a
particular experience).

In essence, various theories of consciousness align with one or some of these perspec-
tives, yet there remains a lack of a single, comprehensive theoretical model that satisfactorily
accounts for consciousness in its broadest form. Regardless, these theories are crucial for
pain understanding. Some of them emphasize higher-order processing (High-order the-
ories) [155], while others focus on a physical substrate capable of emulating a virtual
workspace (Global-workspace theories) [156].

There are theories that underscore mathematical quantification, depicting the degree
of information produced by a collection of elements and its irreducibility to the information
generated by its constituent parts (Integrated-information Theory) [157], or the ones related
to top-down processing, such as predictive theories [153] or re-entry theories, which suggest
that information does not solely flow in one direction, from sensory areas to more complex
processing areas. Instead, they propose a reverse information flow from higher to lower
regions, serving as an essential re-entry in consciousness and perception [158].

Even though these represent different viewpoints, they typically share a common
factor leading to a focus on a concept often mentioned but rarely delved into deeply:
“information”. Numerous hypotheses are framed in terms of information and abstraction,
and this gives rise to a question: What is this entity termed as information?

While information is intangible, it remains a constant presence in organisms, ranging
from the simplest to the most intricate levels. In the realm of neuroscience, information
is conceptualized as a dynamic process encompassing the encoding, transmission, and
decoding of diverse and innumerable neural activity patterns. This understanding is
grounded in the application of the Information Theory, a theoretical backbone for many
contemporary scientific disciplines that centers around the mathematical quantification
of information [159,160]. This theory serves as one of the most reliable pathways for deci-
phering the neural code and stems from the principle of applied probability in information
transmission within communication systems. It determines the distribution of possible
outputs according to specific signals [161]. However, the implementation of Information
Theory within neuroscience poses significant complexity. Neural modeling must not only
consider the stimulus but also all preceding states. In this context, a stimulus can be
depicted as a vector of various parameters, each symbolizing a preceding state of the
stimulus that is pertinent to the response under scrutiny. For instance, in the case of a
stimulus capable of taking on eight different values and a response contingent upon seven

12



J. Clin. Med. 2023, 12, 7080

previous states, there would emerge 16,777,216 (8"7) distinct stimulus conditions [162].
Thus, it is evident that the application of Information Theory carries immense value for
understanding Neuroscience, and by extension, the nature of pain.

In this aspect, it is critical to acknowledge the significant heterogeneity inherent
in the neural correlates of the pain experience and the overarching abstract concept of
information, which presents challenges in terms of external validity and the potential
for generalization within scientific research [137]. The issue extends beyond the mere
absence of a universally accepted biomarker or neuromarker; it involves the intricate task
of authentically characterizing an inherently idiosyncratic event that exhibits not only
interindividual variations but also intraindividual differences influenced by contextual
factors. Philosophical perspectives in the realm of mind theory have ventured towards
eliminativism in this regard. Yet, scientific inquiry necessitates a form of generalization that
can achieve equilibrium, acknowledging the commonalities we discern while still honoring
the unique individual variances [137].

In conclusion, the concept of a specific “Pain Neuromatrix” has been both defended
and challenged over recent years. This stark divide showcases the intricate nature of
pain and how it is processed by our neural networks. Modern research suggests that the
perception of pain is likely not tied to a single neural network but instead emerges from a
multifaceted network responding to important sensory stimuli. This view emphasizes the
key role of sensory stimuli in the pain experience. Additionally, innovative models like the
Bayesian Model propose a novel perspective on pain, framing it as a probabilistic and infer-
ential process, where perception is shaped not only by present sensory information but also
by past experiences. The study of cortical processing and pain shines a light on the complex
interaction between pain and consciousness. This understanding is crucial for guiding
future research and holds significant potential for enhancing the clinical management of
chronic pain.

7. Summary

The investigation into pain has uncovered intricacies that challenge conventional and
reductionist views we might have held to date. With the advent of neurosciences, we might
have fallen into misconceptions that have permeated various fields. In this regard, pain
was conceived as a product of the brain, thereby succumbing to the mereological fallacy—a
fallacy that should be avoided when studying complex phenomena dependent on emergent
properties arising from interactions within system components (Figure 1).

Consequently, there is a prevalent confusion between pain’s multidimensionality
(qualia or the individual experience of pain) with the neurophysiology of nociception.
However, caution is imperative. While they are not identical concepts, they are intricately
related; it is challenging to evidence pain without nociception.

Align with this, to explain the perpetuation of chronic pain, the focus has been on
underlying central mechanisms. This trend has often overshadowed the crucial role of the
peripheral nervous system, where substantial evidence suggests its active involvement
in pain chronification. This goes beyond the communication between the peripheral and
central nervous systems but also the cross-talk between the nervous system and other
systems. This perspective challenges views that overemphasize the brain as the primary
pain generator, underscoring the importance of peripheral contributions.

Similarly, central sensitization has been proposed as a mechanism responsible for pain
chronification, characterized by an increase in the hyperexcitability of the second neuron
in the dorsal horn. Yet, its significance in some domains has become an umbrella term
to justify vague clinical contexts. In clinical taxonomy, it is crucial to critically assess its
role as the primary etiopathogenesis of clinical presentations. Central sensitization has
been described in basic research and, therefore, is contentious when generalized to clinical
contexts. Presently, there is no evidence demonstrating central sensitization as described
by Woolf in human subjects, and current evaluation tools for humans, such as central
sensitization questionnaires, show controversial correlations with sensory aspects. On the
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other hand, quantitative sensory testing could provide patient sensory data that might
suggest, or not, the presence of central sensitization, as these are not a direct measure of
the neurophysiological phenomena. Thus, it seems more appropriate to suggest that it
enables the evaluation of nociceptive signal modulation rather than directly indicating
central sensitization itself. Therefore, it is vital to adopt more suitable concepts, given the
complex nature of widespread pain pathologies.

Hypotheses from the last decade have posited the existance of a
specialized pain neuromatrix, a dedicated neural network postulated

to process nociceptive stimuli (lannetti, GD et al., 2010). Nonethelesss,

the purported specificity of this neuromatrix is currently under scrutiny
(lannetti, GD et al., 2010; Tracey, | et al., 2007; Legrain, V et al., 2011;

Coninx, S 2023). Itis conjectured that this matrix may serve a broader
function, disceming and reacting to salient sensory stimuli that transcend

nociception alone (Legrain, V et al., 2011). This integrative function
encompasses the confluence of sensory, affective and cognitive data.

Y
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A

Peripheral nerve terminals

Peripheral transduction of stimuliis a complex interplay where
nociceptors, equipped with an array of ion channels, convert noxious
external or internal stimuli into nerve impulses (Dubin, AE et al., 2010;
Benarroch, EE 2015). These nociceptors exhibit a dynamic cross-talk
with the immune system, which is particularly evident during peripheral
itization processes, where i to stimuli
is significantly increased (IASP, 2023; MacGlone, F et al., 2014).

Descending
Pathways

Ascending
Pathways

Pain Experience

Pain is experienced as a unique qualia, deeply personal and subjective
to each individual (Raja, SN et al., 2020; Skokowski, P 2022). This
experience is also shaped by predictive processing, which is governed
by top-down mechanisms (Hohwy, J et al.,2020; Eckert, AL et al., 2022;
Clark, A 2013). In this aspect, y
have often neglected the mereological fallacy (Figdor, C 2018), ascribing
to the brain a suite of functions that surpass its own confines

Dorsal Root Ganglia

Recent insights have shifted the spotliight to the dorsal oot ganglia
(DRGs), suggesting they play an active role in nociception
modulation, challenging the central nervous system-centric view of
pain. Crucially, emerging evidence indicates that the DRGs may
exert an early modulatory influence on nociception through intrinsic
GABAergic mechanisms, potentially acting as a preliminary ‘gate’.

Central Sensitization

Central sensitization is defined as a sustained increase in the
excitability of second-order neurons in the central nervous system,
resulting from heightened afferent activity, which alters

y Itwas ized in basic science
where synaptic plasticity mechanisms were deemed essential
(Woolf, CJ 1983; Ikeda, H et al., 2006). Yet, it is not solely about
synaptic changes but also involves the circuitry at large. This

advanced i that central i
entails a complex and dynamic reconfiguration of neural networks,
extending beyond synaptic plasticity to include alterations in

(Du, X et al., 2017; Hao, H et al., 2023). Moreover, the
activity originating from the DRGs could be a critical element in the
understanding of pain (North, RY et al., 2022; Tian, J et al., 2023).

release, ion of inhibitory signaling,
in ions in microglial
and astrocytic

Figure 1. Schematic overview of the principal elements addressed in this narrative review.

Finally, in the past decade, pain awareness has been attributed to a possible specific
neuromatrix composed of various brain regions. The specificity of this “Pain Neuromatrix”
has been debated, highlighting the inherent complexity of pain.

Recent research against this theory suggests that rather than processing pain-associated
information, it processes salient sensory information significant to the organism without an
evident specificity. Contemporary theories, in line with consciousness models, propose pain
from a Bayesian Model that perceives pain consciousness from a probabilistic and inferential
approach, influenced by both current sensory information and past experiences. In this
light, we cannot detach pain experience from consciousness research. Comprehending
pain as an experience necessitates a deep understanding of the complexities inherent in
consciousness.

In summary, the study of pain and nociception is an expansive and multifaceted field
that necessitates an approach recognizing the interplay among diverse systems. This under-
standing is paramount for guiding future research and enhancing the clinical management
of chronic pain.
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Abstract: The COVID-19 pandemic has brought its fair share of consequences. To control the trans-
mission of the virus, several public health restrictions were put in place. While these restrictions had
beneficial effects on transmission, they added to the pre-existing physical, psychosocial, and financial
burdens associated with chronic pain, and made existing treatment gaps, challenges, and inequities
worse. However, it also prompted researchers and clinicians to seek out possible solutions and
expedite their implementation. This state-of-the-art review focuses on the concrete recommendations
issued during the COVID-19 pandemic to improve the health and maintain the care of people living
with chronic pain. The search strategy included a combination of chronic pain and pandemic-related
terms. Four databases (Medline, PsycINFO, CINAHL, and PubMed) were searched, and records were
assessed for eligibility. Original studies, reviews, editorials, and guidelines published in French or in
English in peer-reviewed journals or by recognized pain organizations were considered for inclusion.
A total of 119 articles were analyzed, and over 250 recommendations were extracted and classified
into 12 subcategories: change in clinical practice, change in policy, continuity of care, research avenues
to explore, group virtual care, health communications/education, individual virtual care, infection
control, lifestyle, non-pharmacological treatments, pharmacological treatments, and social considera-
tions. Recommendations highlight the importance of involving various healthcare professionals to
prevent mental health burden and emergency overload and emphasize the recognition of chronic
pain. The pandemic disrupted chronic pain management in an already-fragile ecosystem, presenting
a unique opportunity for understanding ongoing challenges and identifying innovative solutions.
Numerous recommendations were identified that are relevant well beyond the COVID-19 crisis.

Keywords: chronic pain; COVID-19; pandemic; management; care treatment; recommendations;
solutions; review

1. Introduction

The global population have seen their health and lives affected by the COVID-19
pandemic and its numerous consequences [1]. In fact, the pandemic has caused a combina-
tion of physical consequences (e.g., virus-related dry cough, fever, respiratory difficulties,
fatigue [2], long-haul COVID [3]), psychosocial consequences (e.g., psychological distress,
limited access to health services, domestic violence [4]), and economic consequences (e.g.,
business closures, increased unemployment rates, reduced work hours [5]). During the
crisis, efforts were rapidly deployed to help people affected by the virus and to control its
spread as much as possible [6]. The COVID-19 pandemic and its consequences mentioned
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above have disproportionately affected vulnerable groups, such as persons marginalized
by their social identities, the elderly, people living with disabilities, women, and people
with chronic illness [4,7]. For example, the pandemic has exacerbated the physical, psycho-
logical, economical, and health challenges that people living with chronic pain (CP) face
on a daily basis [8-10]. Even before the COVID-19 pandemic, CP was an under-reported,
under-recognized, under-diagnosed, and frequently under-treated disease [11-14]. Several
barriers are named as potential sources leading to this suboptimal management, such as
the lack of access to multidisciplinary care and the suboptimal integration of multimodal
approaches which seek a balance between pharmacological and non-pharmacological
treatments [13,15-17]. The restrictions imposed by public health during the COVID-19
pandemic, including lockdowns, the closure of non-essential services, and requirements to
stop in-person treatment, have affected the accessibility of treatment, therefore potentially
causing significant harm to people living with CP [8,9]. The pandemic has also wors-
ened pre-existing physical, psychological, and financial burdens associated with CP and
increased risk factors such as reduced sleep, inactivity, fear, anxiety, and depression [10,18].
COVID-19 has certainly intensified the existing gaps, difficulties, and inequalities in
treatment for people living with CP, but has also emphasized the magnitude of the disease
and created a sense of urgency in research [8]. In the most urgent time of the pandemic,
much research was conducted on the impacts of the pandemic and many recommendations
were made by researchers, experts, and healthcare professionals. Considering the current
slower COVID-19 transmission rates and the concomitantly ongoing recovery of our health-
care systems from such a trial, it is vital to analyze the research carried out during this
period. This is relevant not only to prepare for potential new pandemics, but to harness
recommendations issued during the crisis that could help improve pain management well
beyond the COVID-19 crisis. Therefore, this study represents a state-of-the-art review,
conducted to synthesize concrete recommendations issued during the COVID-19 pandemic
(2019-2021) for improving the health and maintaining the care of people living with CP.

2. Methodology

A “state-of-the-art” review [19] was conducted to address the state of knowledge
regarding suggested improvements for the management of CP during the first 20 months
of the COVID-19 pandemic and to classify the recommendations to be implemented. This
type of review is time-bound in terms of literature temporal exhaustiveness and focuses on
rapidly but methodically searching the current literature to address contemporary issues;
its results focus on knowledge and priorities for future investigation and research [19].

Eligibility criteria. This review considered original studies, reviews, editorials, and
guidelines that have been published in peer-reviewed journals or in some reports/statements
issues by recognized pain organizations (e.g., International Association for the Study of
Pain, Canadian Pain Society), or other grey literature. The articles had to focus on adults
(age > 18 years old) living with CP (pain that persists for more than 3 months [20]) of
non-cancerous origin. They also had to be published in English or in French between
December 2019 and July 2021. As an example, this period corresponded to the first three
COVID-19 waves of the pandemic in Canada [21]. The present review thus allowed us to
harness the recommendations published during the crisis and to put them into perspective
with the current situation in healthcare facilities that have slowly recovered from the
COVID-19 crisis.

Exclusion criteria. Preclinical studies were excluded, as well as articles specifically
addressing molecular aspects of pain, post-COVID syndrome (long COVID), cancer pain
or pediatric pain.

Information sources and search strategy. Studies were retrieved on 1 July 2021 by
searching the following computerized databases: Medline (Ovid), PsycINFO (Ovid),
CINAHL (EBSCOhost), and PubMed (past 7 days). The search on PubMed was made
to capture potential new articles indexed on PubMed but not yet on Ovid (as both are
windows for Medline but PubMed indexation is sometimes more rapid) [22].
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The search strategy was developed in collaboration with an experienced medical
librarian of the Centre Hospitalier de I’ Université de Montréal (CHUM). The strategies were
peer-reviewed by another senior information specialist prior to executing using the PRESS
Checklist [23]. The search strategy included synonyms for: (1) CP and (2) COVID-19
(File S1). Different types of chronic non-cancer pain conditions (e.g., CP in general, neuro-
pathic pain, fibromyalgia, arthritis, back pain, and migraine) as defined by the International
Association for the Study of Pain (IASP) Task Force for the Classification of Chronic Pain [24]
were included in the search strategy.

Study selection. All citations were entered in the citation management software
Endnote X9® and duplicates were removed by the librarian using the method reported by
W. Bramer [25]. A fast process was favoured, so the selection process was achieved by one
trained reviewer with medical expertise (TS) rather than two. Firstly, titles and abstracts
were screened according to the inclusion criteria. Secondly, full texts of previously selected
studies were reviewed to assess their eligibility.

Data Extraction. The data collection process was carried out using a standardized ex-
traction form that was pretested and improved with a sample of 14 studies at the beginning
of the extraction process. For each study meeting the eligibility criteria, the following infor-
mation was retrieved: date of publication, authors, country of data collection (if applicable),
the type of article, and concrete recommendations to improve health and maintain care for
people living with CP. In order to remain as precise as possible, the recommendations have
been extracted keeping the authors” wording. Relevant data were also extracted to allow
the classification of recommendations and to check whether they were made for specific
populations (e.g., elderly, migraine populations, fibromyalgia, specific cultural groups, etc.).
All this information was collected in an Excel® spreadsheet.

Synthesis of results. The various recommendations retrieved from studies were de-
scribed, combined in tables, and classified into 12 categories. The categories were chosen by
consensus after the analysis of all the recommendations issued. When a recommendation
could be inserted in more than one category, a choice was made by two of the authors
(MG-P and AL) on the most representative category.

3. Results

Flow diagram representing the study selection process is shown in Figure 1. After
assessing the articles for eligibility, a total of 119 articles were included in the study. The
characteristics of these studies and their respective recommendations to improve health and
maintain care for people living with CP are detailed in File S2. From the 119 articles, over
250 concrete recommendations were extracted and then reduced to 150 recommendations to
minimize redundancies. Recommendations were then classified into 12 distinct categories:
change in clinical practice, change in policy, continuity of care, research avenues to explore,
group virtual care, health communication/education, individual virtual care, infection
control, lifestyle, non-pharmacological treatments, pharmacological treatments, and social
considerations (Figure 2). For the sake of the brevity of this report, two illustrative recom-
mendations from each category were selected by the research team and are presented in
Table 1. The complete list of recommendations is presented in File S3.
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Table 1. Illustrative recommendations for the 12 different categories.

Recommendation
Categories

Recommendations

Change in clinical
practice

Need for increased participation of psychiatrists and psychologists to support psychological
distress [26].

Need for a reinforcement of non-urgent healthcare services and outpatient assistance to redirect
CP patients away from overly saturated emergency services in an environment of scarce
resources, which can be achieved by means of increased collaboration between multidisciplinary
pain treatment facilities and community /primary care healthcare teams. This can include
preparing “rescue care” plans, home delivery of medications, and self-administered therapies to
keep patients away from emergency departments and limit their exposure to COVID-19 [27,28].

Change in policy

Need to improve the recognition of CP experience and related physical limitations, through
information and advocacy to the public, healthcare professionals, and policymakers [9].
Urgency that policymakers take action to prevent the pandemic’s detrimental effects on mental
health of people living with CP, especially the most socially and economically vulnerable.
Implementing accessible psychosocial interventions tailored to these vulnerable populations
appears essential [9].

Continuity of care

Need for routine follow-up visits, whether conducted virtually (telehealth options) or in person.
These visits can be performed by any member of the healthcare team and should be time-limited,
focused, and regularly scheduled. These encounters will allow for assessing current symptoms,
adherence to medication regimens, and the presence of any red-flag concerns [29-31].

Need for CP to be treated as an urgent condition and for healthcare professionals to feel morally
and ethically obliged to ensure continued support for CP patients. Some may require urgent pain
consultations, interventions, or medication titration and refills, as the deferment of
multidisciplinary pain treatment facilities consultations and limited access to primary care can
increase morbidity and mortality [32-34].

Research avenues to
explore

Need for studies evaluating the long-term impact of the pandemic on pain-related, emotional,
and psychological outcomes in CP patients, and determinants implicated in such outcomes (e.g.,
coping skills, self-management) [35,36].

Need for studies evaluating the efficacy of non-pharmacological treatment modalities conducted
virtually [37].

Group virtual care

Evaluate whether the use of synchronous videoconferencing to deliver pain management
programs is worthwhile, and if so, how to develop, deliver, and measure outcomes of such
programs [38].

Implementation of group virtual care to benefit patients struggling with loneliness and social
isolation, in addition to helping address concerns in overwhelmed clinicians [39].

Health communica-
tion/education

Need to ensure that key information regarding serious infectious diseases is as accurate and
transparent as possible with timely updates. Public administration and media should facilitate
public awareness and reduce false rumours that can cause widespread panic and unease [40].
Provide online resources that can disseminate pain education and online self-management
programs that can be developed for those living with pain, those close to them, and healthcare
professionals [41].

Individual virtual care

Healthcare professionals and support group organizations should implement individual virtual
care options to supplement safe in-person care. Online interventions and knowledge transfer
activities could also prioritize informing and empowering people living with CP regarding
alternative physical/psychological approaches when the usual ones are not feasible. Harnessing
the web could enhance treatment access for people living with CP well beyond the COVID-19
pandemic [8].

Mobile health apps for headache documentation such as Migraine Buddy, Migraine Coach, and
Migraine Monitor have been shown to be useful in improving communication between patients
and physicians. A balance between the amount of data collected by the app for clinical purposes
and the patient’s perception of satisfaction must be assessed. Likewise, physicians should allow
for an adjustment period when introducing an app to their patients and ensure that they have
been well informed on how to use it [42].
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Table 1. Cont.

Recommendation
Categories

Recommendations

Infection control

Triage of pain patients may be helpful in terms of differentiating those who may be adequately
treated by virtual care versus in-clinic consultations. Triage factors may also include acuity and
severity of pain, whether or not the patient has comorbid psychiatric conditions, but also
occupational risks of infection (e.g., whether the patient is a first responder) and social situation
(e.g., whether the patient is also a caregiver or has children) [43-45].

Reinforcing patients” and healthcare workers” education on fundamental preventive gestures,
such as frequent hand washing, social distancing, and symptom monitoring will aid in reducing
transmission of infectious diseases [46].

Lifestyle

Need for healthcare professionals to provide patients with proper education and guidance on
ways to stay physically active at home during future pandemics [47,48].

Migraine patients could benefit from lifestyle changes associated with intelligent lockdown, such
as working from home, scaling down demanding social lives, and freedom to choose how to
organize one’s time [49].

Non-pharmacological
treatments

Healthcare professionals should take the opportunity to further reinforce the utility of effective
nonpharmacologic treatment options including graded exercise, healthy lifestyle, meditation, and
meditative movement activities (tai chi and yoga), mindfulness activities, paced diaphragmatic
breathing, supportive counselling, cognitive behavioural therapy, biofeedback therapy, sleep
hygiene, and ongoing patient education [29].

Interdisciplinary interventions should be designed in such a way that psychologists and medical
care staff work together to minimize the psychological distress of patients with central
sensitization pain syndromes [50].

Pharmacological
treatments

Ensuring the availability of pharmacological treatments for CP patients at all times via the
establishment of programs in conjunction with local pharmacies is a priority. Identification and
implementation of strategies aimed at ensuring continuity of care provision while mitigating the
risk of inadequate analgesic treatment, self-medication with potential risk of adverse events, and
even treatment discontinuation, are crucial [26,51].

Prescribe pain drugs for an extended period of time—i.e., filling of prescriptions of controlled
substances (opioids and psychotropics) for longer periods than usual (e.g., 60 to 90 days) [52].

Social inequalities

Need for strategies aimed at the reduction in disparities related to healthcare access, such as
improvements in the accessibility of telehealth services (impoverished, rural, digitally illiterate
populations) [41,53,54].

Need for an increased awareness, identification, and reduction in conscious and unconscious
biases involved in affecting the management of CP patients from vulnerable and /or minority
groups [9,55].

4. Discussion

This state-of-the-art review resulted in 12 categories of concrete recommendations
(evidence-based or from different experts) issued during the COVID-19 pandemic. The
recommendations consider many areas of healthcare that must be taken into consideration
in order to hope for positive changes in CP management. By focusing on the recommen-
dations issued in crisis time, this article provides an opportunity to describe and classify
solutions that have been issued to improve the health and maintain the care of people
living with CP well beyond the pandemic.

4.1. Virtual Care

The literature underlined that restrictive measures put in place by the government,
along with the beginning of the lockdown, created new uncertainties regarding the continu-
ity of healthcare services for the treatment of CP [9]. Moreover, difficulties accessing medical
services, medication refills, and non-pharmacological treatments have been reported [8].
Knowing the importance of a multimodal approach for the management of CP, accessibility
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to non-pharmacological care was a major issue during the pandemic [8]. To address this
gap, recommendations were made to provide the opportunity to offer non-pharmacological
treatments in a virtual manner. The use of synchronous videoconferencing to deliver pain
management programs [38] and the implementation of virtual support groups have been
recommended [39]. These group meetings allowed patients to break the isolation brought
on by the pandemic [39]. Indeed, some have reported that online support groups played
an important role in their psychological well-being during the pandemic [9]. In addition
to virtual treatment, communication and education can also be provided through virtual
modalities. The development of online pain acceptance programs or self-management
programs (e.g., Agir pour moi program [56]) could not only help patients, but also clinicians
and patients’ families [41]. Healthcare professionals and support groups’ organizations
could also use online modalities for interventions, and knowledge transfer activities regard-
ing alternative physical/psychological approaches, allowing CP patients to still benefit
from these kinds of treatment [29]. For example, education on possible exercises to do at
home to stay active despite the confinement, meditation exercises, or relaxation techniques
could be provided via online modalities, and were recommended as important elements to
ensure the continuity of care [47,48]. Despite the importance of increasing the accessibility
of virtual care [53,54], studies should be conducted to validate the effectiveness of virtually
conducted treatments [37], and special attention should be paid to inequalities in access
to care. Indeed, although virtual care can be beneficial for persons living outside of large
urban centres, it can be more challenging for individuals with low digital literacy (e.g.,
members of the elderly population) or people living in isolated geographical areas (i.e.,
with limited access to the internet). Also, a communication of trust is more difficult to
establish with healthcare professionals [9,57]. One Canadian study reported that nearly
15% of patients were not well equipped to receive virtual care [58]. Despite some accessi-
bility challenges, the development of effective non-pharmacological treatments delivered
virtually may be essential during any future pandemic, especially when lockdowns are in
place. Many multidisciplinary pain treatment facilities in Canada are now well prepared
to deliver virtual care and consider virtual care to be sustainable for any future pandemic
and well beyond [58]. It is also a good opportunity for healthcare professionals to reinforce
the utility of effective non-pharmacological treatment options and their benefits in pain
management [29]. The COVID-19 pandemic developments have accelerated the adoption
of virtual care and have brought huge benefits (e.g., cost saving for patients [59], improved
access and efficiency [60], and greater geographical reach for clinicians [58]), even while
still being a work in progress [61].

4.2. Involvement of Different Healthcare Professionals and Mental Health Burden

Long before the pandemic, a multidisciplinary approach was recommended for CP
management [15]. As this condition is responsible for many physical, psychological,
and emotional consequences, many key players must be involved in order to ensure
adequate management (e.g., psychologists, physicians, nurses, pharmacists, and physio-
therapists) [11]. The pandemic brought a climate of fear and a considerable increase in the
patients’ level of stress, anxiety, and depression [62,63]. Considering that the impacts on
Considering that the impacts on physical health, and mental health, and well-being may be
heightened during times of stress periods [10], it is now clear that the pandemic will have
increased psychological distress in the general population [64,65] and people living with
CP [9]. Indeed, in a study on a population of people living with rheumatoid arthritis, it
was reported that the lockdown had increased pain and impairment of function, both of
which were linked to increased rates of depression, anxiety, low self-esteem, insomnia, and
other mental health problems [26]. In the light of these observations, it was recommended
that the participation of psychiatrists and psychologists in CP management be increased in
order to deal with this incoming surge of mental illnesses [26]. Even though psychologists
are often involved in tertiary care multidisciplinary teams [66], different barriers prevent
patients from being able to consult these specialists for their pain management (e.g., access
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is limited and patients end up having to consult privately, which can directly cause a
financial limit [8], and there is a shortage of trained pain psychologists [67]). Other allied
healthcare professionals such as social workers should thus be involved. Since interdisci-
plinary interventions where staff work together can minimize psychological distress [55], it
is, therefore, important that policymakers prevent the pandemic’s harmful effects on the
mental health of people living with CP and make accessible psychosocial interventions
rapidly [9]. Furthermore, accessible psychosocial interventions that take into consideration
the most socially and economically vulnerable are required [9], and are recommended to
deal with the impacts of the pandemic. Recognizing that mental health challenges existed in
people with CP before the pandemic, and that COVID-19-related anxiety may persist, [68]
a multidisciplinary approach with psychologists remains relevant beyond the pandemic.

4.3. Involvement of Different Healthcare Professionals and Overcrowded Emergency Departments

In addition to increasing skills to deal with the negative consequences that the pan-
demic had on people living with CP, collaboration between healthcare professionals could
help to decrease the number of patients with CP who attend already-overcrowded emer-
gency departments. This problem was known long before the COVID-19 pandemic, but
was exacerbated during this period [69]. The emergency department is usually not the
appropriate place to address the complex needs of CP patients where physical, cognitive,
behavioural, and psychosocial assessments are required for the comprehensive manage-
ment of CP [70,71]. The collaboration between multidisciplinary pain treatment facilities
and community /primary care healthcare teams seems to be part of the solution [27], and
can include preparing “rescue care” plans (timely and appropriate measures to stabilize
a patient’s condition during emergencies), the home delivery of medications, and self-
administered therapies [27,28]. In the past, community healthcare teams have effectively
supported efforts to manage epidemics, including the HIN1 and Ebola epidemics [72,73].
Implementing community /primary-care multidisciplinary healthcare teams is important
not just during the pandemic, but beyond it as well.

4.4. Recognition of CP and Its Consequences

Despite the many consequences associated with CP, this condition remains stigma-
tized and under-recognized in clinical practice and in the general population [11,12]. Even
before the pandemic, people living with CP already faced many challenges in obtaining a
diagnosis and being believed to be legitimate patients by healthcare professionals [74-78].
As the pandemic exacerbated challenges arising from this under-recognition, several new
recommendations have been issued to move towards a greater recognition and acceptance
of CP. Indeed, the need for an improved recognition of CP and its associated physical
limitations has been highlighted, and such an improvement can be achieved by prioritiz-
ing continued education and advocacy amongst the public, healthcare professionals, and
policymakers. Such advocacy could, for example, push for the provision of material com-
pensation for pain-related disabilities [9] (e.g., assistive devices, transportation, universal
insurance coverage for non-pharmacological approaches and services). In the same way,
there is a need for CP to be treated as an urgent condition and for healthcare professionals
to feel morally and ethically obliged to offer adequate treatments, and to ensure continued
support for these patients [32,34]. A better recognition of CP will help advance research,
understand the true magnitude of the problem, and consequently improve the chances of
patients receiving viable treatment options [79]. In addition, there is a need for a greater
awareness, identification, and reduction in conscious and unconscious biases that can affect
the care of CP patients from vulnerable and/or minority groups [9,55]. These numerous
recommendations echo the work of various large-scale working groups such as Health
Canada’s Canadian Pain Task Force [13,14,80]. While there is still a long way to go to
overcome the under-recognition and stigma surrounding the disease, the recent work and
recommendations of the Canadian Pain Task Force and the present review may certainly
help move things forward.
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Whether through virtual care or the better integration of key healthcare professionals
in chronic pain management, several recommendations emerged during the COVID-19
pandemic. The improved management of CP can be hoped only if the stigma decreases
and it becomes better recognized.

4.5. Strengths and Limitations

Despite the advantages of a “state-of-the-art review” (e.g., rapid but comprehensive
searching of the current literature to state the knowledge and address recommendations
or future investigations needed [19]), this type of review does not take into account the
quality of the studies from which the data was extracted. For feasibility purposes, only
some electronic databases were used in this study (Medline, PsycINFO, CINAHL, and
PubMed), which may have led to potential articles being missed. The strength of the
recommendations can thus not be assessed. Also, although we conducted the review
between December 2019 and July 2021 (during the first three COVID-19 waves in Canada),
some information could have been published thereafter and other recommendations may
have been missed. This temporal cut-off may have influenced the results. Nevertheless,
the present review allows us to harness the recommendations published during the crisis
and put them into perspective with the current situation in healthcare facilities that have
slowly recovered from the crisis. Most recommendations were formulated at the outset
of the pandemic, and we are now better prepared to adapt our healthcare practices and
methods of delivering care for CP patients in future crises.

5. Conclusions

The COVID-19 pandemic has undoubtedly exacerbated the existing physical, psy-
chological, and economic burden associated with CP. However, it has also provided a
unique opportunity for all stakeholders involved in CP management to collaborate and
swiftly devise solutions for better care. Numerous recommendations regarding treatments,
clinical practice, policy, and research avenues have been proposed to address existing pain
management deficiencies. The pandemic has showcased the potential and effectiveness of
virtual care, contributing to its wider acceptance as a treatment method. Critical aspects
that have often been overlooked, such as the mental health of individuals living with CP,
were reinforced. The ongoing battle to provide equitable, effective treatment and combat
stereotypes surrounding CP is far from being over, but the numerous insights shared by
the scientific community reinforce awareness and propel us in a promising direction. As
the pandemic’s hold weakens, it is crucial to make use of the research carried out during
this crisis and incorporate it into our healthcare system.

This literature synthesis summarizes recommendations to better prepare for future
pandemics and extends our knowledge well beyond the confines of this particular crisis.
Future research could be conducted to verify whether the recommendations issued between
2019 and 2021 are applicable to or implemented in the current healthcare system.
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Abstract: (1) Background: Chronic migraine is a debilitating neurological condition affecting millions
worldwide. This study delves into the facial point-of-care (POC) thermographic patterns of women
with chronic migraine, aiming to shed light on the condition’s pathophysiology and diagnostic
potential. (2) Methods: Using infrared POC thermography, the facial temperature distribution of
24 female participants with chronic migraine were analyzed. (3) Results: The findings revealed
significant temperature asymmetry in women with right-sided unilateral headaches, particularly in
the right frontal and temporal regions. Notably, individuals with bilateral pain did not exhibit thermal
pattern differences, suggesting potential diagnostic complexities. While these results offer valuable
insights, further research with larger samples is warranted (4) Conclusions: Facial thermography
holds promise as an adjunctive tool for migraine diagnosis and understanding its neurophysiological
basis; however, cautious interpretation is advised, given the need for validation and expanded
investigations. Improved diagnostic criteria and treatment strategies may emerge from this ongoing
exploration, ultimately enhancing the quality of life of chronic migraine sufferers.

Keywords: female; headache; humans; migraine disorders; quality of life; pain; temperature;
thermography

1. Introduction

Migraine is a disorder characterized by throbbing, unilateral headaches aggravated by
physical exertion [1,2]. Globally, this condition affects 1 billion people, imposing substantial
and negative impacts not only on those afflicted but also on their families, colleagues,
employers, and society due to its widespread prevalence and associated disabilities [3].
According to the Global Burden of Disease 2019 study, migraine ranks as the second leading
cause of disability worldwide, with it being the third leading cause of disability among
those under 50 years old [4,5]. While headache is the most common symptom of migraine,
this condition extends beyond mere pain disorder, encompassing a spectrum of painful and
painless symptoms that can occur before, during, and after the headache [6]. Migraine can
be conceptualized as a chronic disorder with episodic attacks [7,8], broadly classified into
episodic and chronic migraine [2]. According to the International Headache Society’s ICHD-
3 criteria [2], episodic migraine is diagnosed when headache occurs on fewer than 15 days
per month, while chronic migraine is characterized by 15 or more headache episodes
monthly. Migraine attacks progress through three phases: the premonitory phase preceding
the headache, followed by the headache phase and, eventually, the postdromal phase [9]. In
the premonitory phase, dysfunction initiates in the brainstem and modulatory diencephalic
systems governing afferent signals [10]. This phase may potentially be subclinical, termed
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migraine without aura, or manifest symptoms such as vomiting, visual scotomas, and
balance disturbances, categorized as migraine with aura [2].

Although it was thought that migraine had a vascular etiology, it is now known that
this vascular event is a secondary phenomenon resulting from a complex process involving
the central nervous system; after all, Do et al. (2003) point out that strong vasodilation
of the cephalic arteries only causes “mild headache” and, furthermore, they state that
there is no correlation between the degree of vasodilation and pharmacologically induced
headache in healthy individuals [11]. Vincent [12] indicates that migraine involves a genetic
alteration of a specific cerebral calcium channel, resulting in a state of hyperexcitability
with abnormal cerebral metabolism, rendering the central nervous system more susceptible
to stimuli. However, the pituitary adenylate cyclase-activating polypeptide (PACAP) and
the activation of its receptor subtypes play a pivotal role in the disorder’s pathophysiology.
This includes actions within the trigeminovascular system to activate this nociceptive
pathway and external involvement in limbic structures and environmental triggers in
migraine pathogenesis [13]. In addition to these factors, or perhaps as a precursor to them
all, there is an electrophysiological event known as cortical spreading depression present in
migraine, whereby the consequences of this phenomenon result in the release of multiple
pro-inflammatory agents and excitatory mediators, including nitric oxide, glutamate, and
adenosine triphosphate. These agents activate meningeal and perivascular nociceptors of
the trigeminal nerve, initiating the headache associated with migraine [14].

Left- and right-sided migraine differ across a wide range of domains, raising the
possibility that the pathophysiology of left- and right-maintained may not be identical. In a
systematic review, Blum et al. [15] sought to understand the differences between right-sided
and left-sided migraine manifestations and found no significant differences in terms of
prevalence, symptoms, or triggering factors. However, this same study indicated that
complaints of right-sided pain were related to alterations in cutaneous temperature, while
left-sided pain correlated with increased parasympathetic activity. The reduction in pain
threshold and altered regulation of cutaneous vasoconstriction in migraine may represent
two distinct aspects of a hyperexcitable neural network justifying the thermal discrepancy
observed in these patient profiles [16].

Corroborating these findings, Antonaci et al. [17] compared frontal and temporal
infrared thermography images in healthy individuals and patients with chronic migraine,
revealing that this method is reliable for measuring temperature in these regions both
at rest and during mental stress. In this context, Dalla Volta et al. [16] proposed an in-
terventional study in migraine employing transcranial direct current stimulation (tDCS)
guided by thermography. The intervention was conducted on the hemisphere with the
lower temperature in the frontal region, leading to clinical improvement and alterations in
facial thermal patterns because of the treatment. Additionally, it is worth noting that one
study demonstrated that the administration of sumatriptan during acute attacks reversed
the thermal discrepancy in the face, suggesting that the underlying mechanism for the
disappearance of the cooler region involves rebalancing the sympathetic and parasym-
pathetic systems (i.e., reducing sympathetic hypertonia and cutaneous microcirculation
vasoconstriction) [18]. While this thermal event has not yet been definitively characterized
as a migraine epiphenomenon or implicated in its mechanisms, evidence suggests that
thermal asymmetry is specific to migraine and tends to diminish with effective treatments.

Therefore, while the literature has suggested that infrared thermography may assist in
understanding pathophysiological mechanisms of chronic migraine, aside from identifying
specific thermal patterns associated with this condition, aid in differential diagnosis, and
offer a means for monitoring treatment outcomes [16,17], it is important to approach these
claims with a certain level of caution and consideration. Moreover, facial thermography
has been proposed as an objective tool for assessing the effectiveness of therapeutic inter-
ventions, potentially allowing for a more personalized and precise approach to monitoring
chronic migraine cases [18]. Given these assertions and the potential implications for
clinical practice, our study seeks to investigate the existence of distinctive thermographic
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patterns in women with chronic migraine. This exploration aims to contribute to a deeper
understanding of the condition’s pathophysiology and its clinical relevance for diagnosis
and new treatment insights into this neurological condition.

2. Materials and Methods

This study is a descriptive cross-sectional investigation. Female participants with
chronic migraine (lasting at least 3 months), with or without medication use (criteria not
considered for data analysis), were recruited according to the International Headache
Society’s (IHS) criteria as outlined in ICHD-3 [2] through research posters posted on the
researchers’ social media networks in Canoas, Rio Grande do Sul, Brazil. Data collection
occurred at the Functional Science Physiotherapy Clinic in Canoas, Brazil.

This study included women who voluntarily participated from September 2021 to
December 2022. Inclusion criteria were as follows: female individuals aged 18 to 50 years,
diagnosed with chronic migraine, experiencing at least 15 headache days per month, with
a minimum of 8 migraine attacks, following the ICHD-3 criteria [2]. Exclusion criteria were
pregnancy, lactation, and fever on the day of data collection. Eligibility criteria data were
collected during an initial assessment after obtaining the participant’s informed consent
through reading and signing the Informed Consent Form.

This research received approval from the Ethics and Research Committee of the Re-
gional University of Alto Uruguai and Missions through CAAE (Certificate of Presentation
for Ethical Appreciation) number 35901320.6.0000.5351, approval date 6 November 2020.

Information regarding sample characteristics was collected using a semi-structured
questionnaire, including data on age, body mass, height, presence or absence of aura, and
menstrual characteristics such as contraceptive use.

Other variables analyzed that helped describe the composition of the sample were
pain, motion sickness, panic, agoraphobia, and quality of life. Pain assessment involves the
use of a visual analogue scale (VAS) for pain perception according to Rosier, Iadarola, and
Coghill’s protocol [19]. Motion sickness was assessed based on self-reported nausea associ-
ated with dizziness or imbalance, using the Dizziness Handicap Inventory (DHI) [20,21].
Evaluation of panic and agoraphobia was carried out by self-perception of behaviors in
everyday situations, employing the Panic and Agoraphobia Scale (PAS) tool [22,23]. Qual-
ity of life was assessed using the WHOQOL-BREF tool, which relies on self-perceived
activities of daily living affecting an individual’s quality of life [24]. The sampling process
included the application of all relevant assessment tools after obtaining informed consent
from participants. Data collection, conducted by the research team, lasted for 30 min, and
involved the completion of eight questionnaires: one for sample profiling and seven for
each of the analyzed outcomes, following the order presented above.

Infrared point-of-care (POC) thermography was employed to identify the spatial dis-
tribution of heat on the human face, with images captured outside the migraine episode
period. In the images, temperature variations were represented by different shades of
blue, green, yellow, orange, red, pink, and white, with dark blue representing minimum
temperature and white representing maximum temperature, while the other colors indi-
cated intermediate values. Data collection was conducted using an infrared thermographic
camera (T400, FLIR Systems© Inc., Boston, MA, USA), with a resolution of 320 x 240 pixels
(76,800 pixels), operating within the spectral range of 7.5 to 14 um far infrared. The sensor
exhibited a thermal sensitivity (NETD) of 0.04 °C (40 mK) and a frame rate of 30 Hz, as
per Schwartz et al. [25]. The skin emissivity was set to 0.98 for the measurements. The
camera was positioned at 1 m from the participant’s face in a room with a stable tempera-
ture (23 °C % 1), capturing an anterior view of the face. Data collection was consistently
performed at the same time of day (7:00 p.m.). The POC images were analyzed utilizing spe-
cialized medical software (Sao Paulo, Brazil), developed by one of the authors (M.L.B.), that
enables 3D assessment and multispectral thermovisual overlay for qualitative evaluation,
while simultaneously obtaining quantitative data.
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To ensure assessment reliability, two different assessors analyzed the images through
15 regions of interest (ROI), each measuring 1.13 cm? (6 mm radius), as shown in Figure 1,
positioned over the respective thermoanatomical points, adapted from the protocols estab-
lished by Antonaci et al. [17], Haddad et al. [26], and Zaproudina et al. [27].

Figure 1. Facial point-of-care thermographic image illustrating the 15 regions of interest (ROI) used
in this study. The facial cutaneous thermal distribution corresponds to a color scale displayed on the
right side of the image. For this participant, thermographic values ranging from 28 °C (minimum
temperature, dark blue) to 37 °C (maximum temperature, white) were identified. Regions of interest
analyzed from the thermographic image, where R1 denotes the medial right palpebral corner, R2
medial left palpebral corner, R3 lateral right palpebral corner, R4 lateral left palpebral corner, R5
right frontal, R6 left frontal, R7 right temporal, R8 left temporal, R9 nasal tip, R10 right nasolabial,
R11 left nasolabial, R12 right lateral commissure, R13 left lateral commissure, R14 right infralabial,
and R15 left infralabial. Within each RO, there are triangular red markings indicating the maximum
temperature and blue markings indicating the minimum temperature.

Through this analysis, the maximum, average, and minimum temperatures of each ROI
were identified, enabling a comparison between the right and left hemifaces. Participant
data were categorized and analyzed based on pain location (right, left, or bilateral pain).

Statistical analysis was performed using JASP software (v.0.13.1, 2023, Amsterdam,
The Netherlands). Interrater agreement was assessed using the Intraclass Correlation
Coefficient (ICC), with values equal to or greater than 0.7 considered indicative of good
reliability [28]. After verifying data distribution normality, the mean and standard deviation
were calculated for thermographic variations in the fifteen regions of interest. Data from
the right and left hemifaces were compared using paired t-tests (p < 0.05).

37



J. Clin. Med. 2023, 12, 7458

To compare the predominant sides, Analysis of Variance (ANOVA) complemented by
the Tukey (normal distribution) or Kruskal-Wallis test (asymmetric distribution), was used
for numerical variables. For categorical variables, Pearson’s chi-square test was applied.
Associations between variables on each side were assessed using Pearson or Spearman
correlation coefficients. Data normality was assessed using the Shapiro-Wilk test. To
compare differences depending on the patient’s aura, the Student’s t-test was applied. To
determine the best cutoff point for differences between temperatures depending on regions
of the face, the Receiver Operating Characteristic (ROC) curve was used. The analyses were
carried out using IBM SPSS Statistics v.27.0 (Armonk, NY, USA).

3. Results

In this study, 24 women were evaluated, with a mean age of 39.2 & 7.7 years, weight
of 72.2 + 15.3 kg, height of 1.59 + 0.04 m, and a body mass index (BMI) of 29 + 6.1 kg/m?.
Aura, a transient focal neurological symptom, was present in 66.7% of the participants
(n = 16), while compliance with the ICHD-3 criteria (15 days of headache per month, with
at least eight migraine attacks), taking the last month as a reference, was observed in 91.7%
(n = 22) of participants; however, all participants met the criteria for diagnosing chronic
migraine. Hormonal contraceptive use was reported by 33.3% (n = 8), and 12.5% (n = 3)
mentioned being in the postmenopausal period. The participants reported that they had
suffered from migraines for 3.5 years.

Regarding pain intensity, based on the Visual Analog Scale (VAS, ranging from 0 to 10),
the mean score was 6.7 &= 1.7. When evaluated using the McGill Pain Questionnaire (ranging
from 0 to 100), the total pain index was 60.6 £ 14.7. For the assessment of conditions related
to nausea and vomiting associated with migraine, the Dizziness Handicap Inventory (DHI)
yielded a median score of 34 points (with a maximum score of 100 points indicating the
worst-case scenario). The Panic Disorder and Agoraphobia scale showed modest scores,
with a median score of 4 points (ranging from 0 to 52 points). In the evaluation of quality of
life using the WHOQOL tool, the Physical and Psychological domains yielded lower scores,
with means of 53.3 + 17.8 and 58.9 & 18.7, respectively. In this context, higher scores on the
WHOQOL reflect a better quality of life (Table 1).

Table 1. Clinical Parameters and Quality of Life Scores of the Chronic Migraine Patients (1 = 24).

Parameter Measurement Method Mean (+SD)
Pain Intensity Visual Analog Scale (VAS, 0-10) 6.7 17
Total Pain Index McGill Pain Questionnaire (0-100) 60.6 + 14.7
Nausea and Vomiting Dizziness Handicap Inventory (DHI) 34 (0-100)
Panic Disorder and Agoraphobia Panic and Agoraphobia Scale (0-52) 4 (0-52)
Quality of Life—Physical Domain WHOQOL (0-100, higher = better QoL) 533 +17.8
Quality of Life—Psychological Domain WHOQOL (0-100, higher = better QoL) 58.9 +£18.7

Note: SD = standard deviation.

From a descriptive analysis, it was possible to show that women who reported pain
on the left had more intense pain (VAS 7.25 + 0.5). When we analyzed the PAS scale,
a higher score was seen in those who complained of bilateral pain (PAS9, 20 + 13.39).
Nausea and Vomiting, assessed by the DHI, obtained a higher score in participants with
complaints on the right (DHI 44.40 + 21.49), similarly, they also had lower overall quality of
life scores (WHOQOL 12.98 + 3.79) (Table 2). There was no significant difference between
the subgroup scores.

Regarding the analysis of thermographic data, there was agreement between assessors
for all analyzed points, with ICC values ranging from 0.97 to 0.99, and p < 0.001 for all
variables. Thermographic data from different regions of interest (R1 to R15) for participants
with complaints of unilateral right-sided pain (1 = 10), unilateral left-sided pain (1 = 4),
and bilateral pain (n = 10) are presented in Table 3, Table 4 and Table 5, respectively.
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Table 2. Descriptive analysis of the variables pain, panic and agoraphobia, nausea and vomiting and
quality of life, separated by subgroups according to the side of the migraine complaint (RIGHT, LEFT

or BILATERAL).

Mean SD

VAS RIGHT 6.10 242

VAS LEFT 7.25 0.50

VAS BILATERAL 7.10 0.74
PAS RIGTH 8.90 8.52

PAS LEFT 5.25 6.70
PAS BILATERAL 9.20 13.39
DHI RIGHT 44.40 21.49
DHI LEFT 25.00 33.37
DHI BILATERAL 26.80 25.05
WHOQOL RIGHT 12.98 3.79
WHOQOL LEFT 13.76 3.09
WHOQOL BILATERAL 13.93 2.54

Note: SD = standard deviation; VAS = Visual Analog Scale; DHI = Dizziness Handicap Inventory; PAS = Panic
and Agoraphobia Scale; WHOQOL = World Health Organization Quality of Life.

Table 3. Temperature Average Values (in °C) Obtained at Thermoanatomical Points in Participants
with Right Unilateral Complaints (n = 10).

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15
Mean 3455 3441 33.68 3341 3366 3404 3398 3370 2950 33.07 3341 3431 3435 33.85 33.83
SD 1.01 0.85 1.06 0.90 0.77 0.64 0.61 0.72 1.63 0.74 0.95 0.63 0.88 0.94 0.88
Minimum 3264 3319 3190 3187 3256 3268 3291 3242 2806 3212 3222 3356 33.13 3272 3271
Maximum 3594 3567 3521 34.69 3489 3502 3483 3471 3295 3438 35.03 3537 3584 3522 3494
Legend: R1—right medial palpebral corner, R2—left medial palpebral corner, R3—right lateral palpebral corner,
R4—Ileft lateral palpebral corner, R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal,
R9—nasal tip, R10—right nasolabial, R11—left nasolabial, R12—right lateral commissure, R13—left lateral
commissure, R14—right infralabial, R15—left infralabial, SD—standard deviation.
Table 4. Temperature Average Values (in °C) Obtained at Thermoanatomical Points in Participants
with Left Unilateral Complaints (1 = 4).
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15
Mean 3456 3489 3353 3326 33.61 3341 3339 3330 3145 3376 33.66 3452 3452 3396 34.01
SD 0.88 0.81 1.10 0.90 0.29 0.30 0.32 0.76 2.69 0.80 1.33 0.75 067  1.092  1.02
Minimum 3349 3406 3249 3253 3337 33.08 33.00 3228 2856 3310 3206 3391 33.88 3248 32.63
Maximum 3547 3573 3507 3455 3399 33.68 33.68 3410 3391 3491 3522 3561 3537 3502 35.02
Legend: R1—right medial palpebral corner, R2—left medial palpebral corner, R3—right lateral palpebral corner,
R4—Ileft lateral palpebral corner, R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal,
R9—nasal tip, R10—right nasolabial, R11—left nasolabial, R12—right lateral commissure, R13—left lateral
commissure, R14—right infralabial, R15—left infralabial, SD—standard deviation.
Table 5. Temperature Average Values (in °C) Obtained at Thermoanatomical Points in Participants
with Bilateral Complaints (1 = 10).
R1 R2 R3 R4 R5 Ré6 R7 R8 R9 R10 R11 R12 R13 R14 R15
Mean 3478 3444 33.65 3345 3393 3385 3405 3427 3081 3378 33.73 3455 34.69 3428 34.28
SD 0.44 0.76 0.73 1.06 0.99 0.96 0.87 0.96 2.59 1.11 1.08 1.07 1.07 0.99 0.98
Minimum 3401 3282 3282 3191 3197 3228 3278 3297 2811 3201 3168 3195 3227 3203 32.09
Maximum 3541 3561 3502 3504 3542 3525 3578 3645 3491 3514 3510 3559 3569 3550 3557

Legend: R1—right medial palpebral corner, R2—left medial palpebral corner, R3—right lateral palpebral corner,
R4—Ileft lateral palpebral corner, R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal,
R9—nasal tip, R10—right nasolabial, R11—left nasolabial, R12—right lateral commissure, R13—left lateral
commissure, R14—right infralabial, R15—left infralabial, SD—standard deviation.

Women with chronic migraine exhibited facial temperatures in the analyzed regions

of interest, ranging from Tayg = 28.06 °C at the tip of the nose (minimum value) to
Tavg = 36.45 °C in the left temporal region (maximum value).
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Among the 24 women diagnosed with chronic migraine, 41.67% displayed facial
thermal asymmetry, notably in the frontal (R5 vs. R6) and temporal (R7 vs. R8) regions.
All the women who exhibited face asymmetry had migraine with aura, and the mean
temperature difference between these areas measured 0.3 °C, demonstrating statistical
significance only in the group of women with complaints on the right side (p = 0.023), as
indicated in Table 6.

Table 6. Statistical Comparison of Average Temperature among Thermoanatomical Points in Women
with Right-Sided Pain. (1 = 10).

Right Side Left Side 4
R1 R2 0.655
R3 R4 0.091
R5 R6 0.023
R7 R8 0.023
R10 R11 0.147
R12 R13 0.772
R14 R15 0.597

Legend: R1—right medial palpebral corner, R2—left medial palpebral corner, R3—right lateral palpebral corner,
R4—Ileft lateral palpebral corner, R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal,
R9—nasal tip, R10—right nasolabial, R11—left nasolabial, R12—right lateral commissure, R13—left lateral
commissure, R14—right infralabial, and R15—left infralabial.

Comparing temperatures on the right and left sides, participants with bilateral pain
(n =10) and left-sided pain (n = 4) showed no significant differences (p > 0.05). However,
those with right-sided unilateral pain had a significant temperature difference in the right
frontal (R5: 33.66 °C £ 0.779 vs. R6: 34.04 °C + 0.647; p = 0.023) and temporal (R7:
33.98 °C £ 0.614 vs. R8: 33.70 °C £ 0.720; p = 0.023) regions (Table 7).

Table 7. Comparative Analysis of Thermoanatomical Points Between Hemifaces and Their Corre-
sponding Mean, Maximum, and Minimum Thermal Difference Values (AT)—groups with unilateral
right-sided pain (1 = 10), unilateral left-sided pain (1 = 4), and bilateral pain (1 = 10).

Predominant Side

. Right Left Bilateral
Variables (= 10) (1 = 4) (= 10) p
Mean + SD Mean + SD Mean + SD

R1 Maximum 35.1 +£0.7 35.0 +£0.7 353+03 0.656
Minimum 338+13 339+14 339+0.8 0.979

Average 346 +1.0 346 +09 348 +£04 0.795

R2 Maximum 35.1+£08 35.1+09 35.1£0.6 0.982
Minimum 333+12 345+ 0.7 333+14 0.246

Average 344+09 349 +08 344 +0.8 0.582

R3 Maximum 34.14+09 3414+12 342+ 0.5 0.927
Minimum 333+ 1.1 329 +1.0 33.1+£1.0 0.833

Average 337+ 1.1 335+ 1.1 33.7 £ 0.7 0.963

R4 Maximum 339+0.8 340+ 1.1 34.0+07 0.880
Minimum 329+ 1.1 325+ 0.7 326+19 0.880

Average 334 +09 333+09 335+1.1 0.949

R5 Maximum 33.8+08 33.7+0.2 34.1+09 0.613
Minimum 33.6 £0.8 335+04 33.8+1.0 0.768

Average 33.7+£0.8 33.6+03 339+1.0 0.702

R6 Maximum 34.1+£07 33.6+03 34.0£09 0.448
Minimum 339+ 0.6 33.24+04 33.7+1.0 0.327

Average 34.0+ 0.6 334+03 339+09 0.397

R7 Maximum 342+ 0.6 33.7+0.3 344+ 0.8 0.189
Minimum 33.7+0.7 33.14+0.6 33.7+1.0 0.354

Average 34.0+ 0.6 334+03 341+09 0.294
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Table 7. Cont.

Predominant Side

. Right Left Bilateral
Variables (1 = 10) (=4 (n = 10) p
Mean + SD Mean + SD Mean + SD
R8 Maximum 340+£07 335+08 34.6 £09 0.081
Minimum 334+ 0.8 33.0+0.7 338 +1.1 0.280
Average 33.7+£0.7 33.34+0.8 343+ 1.0 0.128
R9 Maximum 29.6 + 1.6 31.8+26 31.1+26 0.192
Minimum 295+ 1.6 31.0+ 3.0 305+26 0.462
Average 29.6 £1.6 314+28 30.8 2.6 0.308
R10 Maximum 33.5+06 342+1.0 342 +1.1 0.203
Minimum 324+12 332+06 332+1.1 0.202
Average 33.1+£07 33.8+0.8 33.8+1.1 0.209
R11 Maximum 33.8+£0.8 342+1.0 342 +1.1 0.681
Minimum 326+15 333+13 332+ 1.0 0.477
Average 334+1.0 337+ 13 337+ 1.1 0.786
R12 Maximum 34.6 + 0.6 348 +08 348 £0.8 0.861
Minimum 339+ 0.8 343+ 07 342+ 1.1 0.720
Average 343+ 0.6 345+08 346 +1.1 0.820
R13 Maximum 347 +£0.8 348 +0.6 35.0 £ 09 0.700
Minimum 340+1.1 342 +07 343+13 0.832
Average 344 +09 345+ 0.7 347 +£1.1 0.733
R14 Maximum 34.1+038 342 +09 345+09 0.633
Minimum 33.6 £1.1 33.6+12 341+1.1 0.559
Average 3394+ 09 340+ 1.1 343+ 1.0 0.622
R15 Maximum 34.04+0.8 343+08 344+09 0.495
Minimum 33.6 1.0 33.8+1.1 34.1+1.0 0.567
Average 33.8+£09 340+1.0 343 +£1.0 0.570
R1 vs. R2 Difference Maximum 0.03 +0.72 —0.09 +0.22 0.26 + 0.43 0.494
Minimum 0.55 + 1.45 —0.59 4+ 0.95 0.62 +1.38 0.307
Average 0.14 + 0.95 —0.33 + 0.41 0.33 + 0.54 0.321
R3 vs. R4 Difference Maximum 0.22 +0.37 0.06 £ 0.17 0.17 £ 0.39 0.754
Minimum 0.44 + 0.61 0.46 £ 0.68 0.53 +£1.31 0.977
Average 0.27 £+ 0.45 0.27 £ 0.39 0.20 £ 0.53 0.949
R5 vs. R6 Difference Maximum —0.36 + 0.46 0.12 +0.49 0.05 4+ 0.42 0.089
Minimum —0.34 +£0.392 0.27 +0.53° 0.11+031° 0.015
Average —0.38 £0.442 0.20 4 0.51 2 0.09 +0.34° 0.026
R7 vs. R8 Difference Maximum 0.21 £0.30 0.16 4+ 0.76 —0.19 048 0.163
Minimum 0.36 £+ 0.42 0.05 £ 0.52 —0.14 £ 0.52 0.088
Average 0.28 +£0.33 0.09 £ 0.69 —0.23 +0.49 0.072
R10 vs. R11 Difference Maximum —0.31 £ 0.61 0.04 + 0.31 —0.01 +0.42 0.333
Minimum —025+1.15 —0.15 4+ 0.74 —0.02 + 0.40 0.842
Average —0.33 £ 0.67 0.10 £ 0.66 0.05 + 0.39 0.252
R12 vs. R13 Difference Maximum —0.08 +0.38 0.02 £ 0.25 —0.12 +0.34 0.533
Minimum —0.06 + 0.51 0.06 £+ 0.48 —0.07 +0.43 0.885
Average —0.04 +0.43 0.01 £0.29 —0.14 + 0.33 0.740
R14 vs. R15 Difference Maximum 0.09 £ 0.11 —0.04 +0.18 0.02 £0.14 0.293
Minimum —0.03 +0.22 —0.25+0.24 —0.04 +0.19 0.183
Average 0.02 +£0.13 —0.05 £+ 0.07 —0.01 +0.13 0.593

Legend: R1—right medial palpebral corner, R2—left medial palpebral corner, R3—right lateral palpebral corner,
R4—Ileft lateral palpebral corner, R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal,
R9—nasal tip, R10—right nasolabial, R11—left nasolabial, R12—right lateral commissure, R13—left lateral
commissure, R14—right infralabial, and R15—left infralabial. *® Equal letters do not differ according to the Tukey
test at 5% significance.

There was a significant difference between the predominant sides only in the difference
between R5 vs. R6 in the minimum (p = 0.015) and average (p = 0.026) values. Patients
complaining of pain on the right showed greater differences between the two temperatures
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in this region (lower temperatures on the right side than on the left) when compared to
participants complaining of pain on the left side and bilateral (on average, those with
predominance on the right side did not differ significantly from those with predominance
on the left side, only from those with bilateral).

There was no statistically significant difference between the predominant sides regard-
ing the variables presented in Table 8.

Table 8. Comparative Analysis of Aura, VAS, PAS, DHI, and WHOQOL—groups with unilateral
right-sided pain (1 = 10), unilateral left-sided pain (1 = 4), and bilateral pain (n = 10).

Predominant Side

Right Left Bilateral
Variables (n=10) n=4) (n =10) p
Median Median Median
(Min-Max) (Min-Max) (Min-Max)
Presence of Aura—mn (%) 9 (90.0) 2 (50.0) 5 (50.0) 0.122
VAS 7 (0-8) 7 (7-8) 7 (6-8) 0.626
PAS 5.5 (1-27) 3.5 (0-14) 2 (0-40) 0.515
DHI 50 (0-70) 12 (2-74) 24 (0-60) 0.298
WHOQOL—mean + SD 13.0 £ 3.8 13.8 £ 3.1 139 £25 0.791

The associations of temperature differences between regions (considering the average)
and the VAS, PAS, DHI, and WHOQOL measurements are presented in Table 9. There
was a statistically significant inverse association between the differences in R1 vs. R2 and
DHI scores in patients with predominantly bilateral sides; that is, the greater the negative
difference (with lower values on the right side), the higher the DHI score, as can be seen
in Figure 2. In the group with a predominance of the right side, there was a statistically
significant inverse association between the differences in R14 vs. R15 and the VAS scores;
that is, the greater the negative difference (with lower values on the right side), the higher
the VAS score, as can be seen in Figure 3. Finally, there was a statistically significant positive
association between the differences in R14 vs. R15 and the DHI scores in the group with
bilateral predominance; that is, the greater the positive difference (with higher values on
the right side), the higher the DHI score, according to can be seen in Figure 4.

Table 9. Association between temperature differences between regions (considering the average) and
VAS, PAS, DHI, and WHOQOL measurements using Spearman and Pearson correlation coefficients
on the predominant right and bilateral sides.

Variables VAS PAS DHI WHOQOL
15 (p) 15 (p) 15 (p) r (p)
R1 vs. R2 Difference
Right predominant side —0.03 (0.945) 0.02 (0.960) 0.35 (0.328) —0.43 (0.212)
Bilateral predominant side 0.18 (0.623) —0.31 (0.390) —0.86 (0.001) 0.22 (0.535)
R3 vs. R4 Difference
Right predominant side —0.04 (0.918) —0.46 (0.179) —0.56 (0.090) 0.41 (0.235)
Bilateral predominant side ~ —0.15 (0.676) —0.27 (0.452) 0.47 (0.171) 0.31 (0.380)
R5 vs. R6 Difference
Right predominant side 0.48 (0.160) —0.32 (0.374) 0.15 (0.676) 0.08 (0.818)
Bilateral predominant side 0.45 (0.188) 0.48 (0.157) —0.40 (0.249) —0.41 (0.245)
R7 vs. R8 Difference
Right predominant side 0.17 (0.642) 0.21 (0.567) 0.10 (0.777) —0.43 (0.213)

Bilateral predominant side ~ —0.05 (0.885) —0.62 (0.054) —0.59 (0.075) 0.57 (0.085)
R10 vs. R11 Difference
Right predominant side 0.14 (0.706) 0.12 (0.738) 0.18 (0.627) 0.10 (0.778)
Bilateral predominant side 0.17 (0.637) 0.27 (0.452) 0.18 (0.613) —0.59 (0.075)
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Table 9. Cont.

Variables VAS PAS DHI WHOQOL
15 (p) 15 (p) 15 (p) r (p)
R12 vs. R13 Difference
Right predominant side 0.14 (0.706) 0.37 (0.300) 0.20 (0.580) —0.03 (0.934)
Bilateral predominant side 0.47 (0.167) 0.38 (0.280) 0.09 (0.802) —0.46 (0.183)
R14 vs. R15 Difference
Right predominant side —0.64 (0.048) —0.46 (0.185) —0.08 (0.829) 0.45 (0.192)
Bilateral predominant side ~ —0.16 (0.650) 0.25 (0.485) 0.66 (0.038) —0.19 (0.603)

rs = Spearman correlation coefficient; r = Pearson correlation coefficient.

Bilateral Group

60.00

50.00

40.00

30.00

DHI

20.00

10.00

0.00

-0.50 0.00 0.50 1.00 1.50

R1-R2 medium difference

Figure 2. Relationship between mean difference of R1 vs. R2 with DHI in bilateral pain group.
(Region of interests R1—right medial palpebral corner; R2—left medial palpebral corner).

Right Group

R14-R15 medium difference

Figure 3. Relationship between mean difference of R14 vs. R15 with VAS in right pain group. (Region
of interests R14—right infralabial; R15—Ieft infralabial).
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Bilateral Group
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Figure 4. Relationship between mean difference of R14 vs. R15 with DHI in bilateral pain group.
(Region of interests R14—right infralabial; R15—left infralabial).

For the group with predominantly right-sided pain, patients with aura showed signifi-
cantly smaller R1 vs. R2 differences than those without aura (however, it is worth remem-
bering that we have nine patients with aura and only one without aura in this group).

The difference between the frontal sides (R5 vs. R6) was 0.38 °C + 0.07 °C, while
the difference between the temporal sides (R7 vs. R8) was 0.28 °C + 0.05 °C. Combin-
ing results from both regions, the average temperature difference was approximately
0.33 °C £ 0.06 °C. These findings indicate that participants with right-sided unilateral pain
had significant temperature differences, with the right frontal region cooler and the right
temporal region thermally more intense.

From the Receiver Operating Characteristic (ROC) curve, it was possible to determine
the best cutoff point for differences between temperatures only between R5 vs. R6 and R7
vs. R8, as shown in Table 10.

Table 10. Variability in Sensitivity and Specificity in the Comparison of Thermoanatomic Points in
Participants with Right and Bilateral Complaints.

Predominant Side

Variables (Right vs. Bilateral)
AUC (95% CI) p Cutoff Sensitivity Specificity
R5 vs. R6 Difference
Average 0.79 (0.58-1.00) 0.007 —0.11 80.0% 80.0%
R7 vs. R8 Difference
Average 0.81 (0.60-1.02) 0.003 0.001 90.0% 80.0%
. Right Bilateral
Variables 14
1 (%) n (%)
Difference average R5 vs. R6 > —0.111 2 (20.0) 8 (80.0) 0.025
Difference average R7 vs. R8 > 0.001 9 (90.0) 2 (20.0) 0.005

Legend: R5—right frontal, R6—left frontal, R7—right temporal, R8—left temporal.

It can be noted that instances of migraines with pain on the right side differ from
cases with bilateral pain, displaying an average temperature difference of R7 < 0.001 °C
compared to R8 (with a sensitivity of 90% and specificity of 80%). It is also possible to
notice that in cases of migraine with bilateral pain with complaints of pain on the right, R5
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presents a temperature <0.11 °C about R6 (with sensitivity and specificity of 80%). It was
not possible to make comparisons with cases complaining of pain on the left due to the
small sample size. Figure 5 illustrates a detailed visual comparison among the three clinical
scenarios, emphasizing cutaneous perfusion, particularly in the frontal region.

33

Figure 5. Illustrating the distinctions among the studied groups, this figure begins by exploring
groups (a) Right-sided pain, (b) Left-sided pain, and (c) Bilateral pain. The top row (1) showcases
thermal images overlaid with visual information, while the bottom row (2) features 3D thermal
images, both captured through infrared POC thermography. Note the hypointensity and reduced
frontal perfusion, highlighted in blue, in cases (al,a2) with right-sided pain, and (b1,b2) with left-
sided pain.

4. Discussion

This study aimed to characterize the facial thermographic profile of women with
chronic migraine by quantifying temperature differences in 15 regions of interest at ther-
moanatomical points on the face. The authors observed that women with right unilateral
headaches exhibited significant differences in facial thermographic data compared to
women with left unilateral headaches or bilateral headaches, particularly in the right
frontal and temporal regions. These findings can contribute to our understanding of the
thermoregulatory aspects of migraine.

The most prominent finding in this study was the temperature asymmetry observed
in participants with right unilateral headache, where the right frontal region showed cooler
temperatures, while the right temporal region exhibited hyperperfusion, as indicated by
statistically significant differences when compared to the left side in women with migraine
outside of the crisis phase. Participants with right-sided pain demonstrated a bilateral
difference in the pattern of distribution in the frontal and temporal regions. The thermal
profile comprised a 0.33 °C discrepancy in the frontal and temporal regions (p < 0.05).
Women with chronic migraine exhibited facial temperatures in the analyzed regions of
interest, ranging from T = 28.06 °C at the tip of the nose (minimum value) to T = 36.45 °C
in the left temporal region (maximum value).

Dalla Volta et al. [16] suggested that patients should receive tDCS therapy on the
same side where lower frontal skin temperature is observed. While some of the literature
supports the presence of thermal asymmetry in the frontal region during migraine, it
remains a matter of debate, as some authors argue that the location of the cold area is not
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consistently related to the side of the pain [29]. This discrepancy may be attributed to
variations in temperature during a migraine attack or differences in headache lateralization
within individuals (unilateral or bilateral), as proposed by Drummond and Lance [30].

As Shevel [31] highlighted, vasodilation is considered a source of pain in migraine, but
this dilation primarily involves extracranial rather than intracranial vessels. Our findings
of temperature disparities in the frontotemporal region suggest that there may be varia-
tions in neural control and vasomotor activity between different facial areas. Specifically,
the temporal area receives its primary blood supply from the superficial temporal artery,
which branches from the external carotid artery and is primarily under sympathetic neural
influence, which can potentially lead to neurogenic inflammation or inhibition and subse-
quent vasodilation. In contrast, the frontal area is vascularized by supra-orbital arteries,
which are branches of the ophthalmic artery, themselves derived from the internal carotid
artery, regulated by a more complex interplay of sympathetic and parasympathetic neural
mechanisms, leading to variable effects under different conditions. The nasal region re-
ceives blood supply from the supra-orbital arteries, which anastomose with branches of the
angular artery from the facial artery, stemming from the external carotid artery, potentially
contributing to temperature variations. This vascular anatomy explanation aligns with the
recent literature [32].

Jensen [33] also suggested that both extracranial arteries and myofascial structures
receive innervation from unmyelinated trigeminal sensory nerve fibers containing various
neuropeptides, which are released during migraine attacks. The observed tenderness
during migraine attacks may be attributed to axonal reflexes between extracranial arteries
and neighboring myofascial tissues, along with referred pain mechanisms.

The thermal discrepancy in the frontotemporal region observed in our study is con-
sistent with the findings of Antonaci et al. [17]. They suggested that this discrepancy
could represent a neurochemical imbalance in facial microcirculation between the two sides
in migraine patients, reflecting vasoconstriction within the carotid territory because of
autonomic-trigeminovascular system interactions. In a previous study, Ford and Ford [34]
observed that 85.4% of participants with migraine without aura exhibited thermal changes
in the frontal region, while 89.1% of those with migraine with aura displayed such mani-
festations. This thermal behavior may be reversible in 85.3% of patients with prophylactic
treatments such as beta-blockers or calcium channel blockers, challenging the notion of
fixed thermal changes in migraine patients [35]. This is in contrast to the perspective of
Swerdlow and Dieter [29], who considered the thermal changes in migraine patients as
fixed clinical and geographic entities.

It is worth noting that the dilation of the middle meningeal artery, another branch
of the external carotid artery originating from the maxillary artery, has been linked to the
onset of migraine attacks [5]. Khan et al. [5] observed that the initiation of a migraine attack
was linked to an increase in the circumference of the middle meningeal artery on the side
of the headache, suggesting the activation of perivascular dural nociceptors. The increase
in temperature observed in the region supplied by the superficial temporal artery on the
right side of participants with right-sided headaches suggests a possible relationship, as
both the superficial temporal and middle meningeal arteries originate from the external
carotid artery.

We utilized thermoanatomical points proposed by Haddad et al. [26] for our analysis,
demonstrating high inter-rater agreement. This approach provided reliable results and
allowed for a point-by-point comparison of temperature differences. Our findings support
the notion that specific thermographic points may be more dependable for detecting ther-
mal asymmetry in headache patients compared to assessing temperature across an entire
area. Specifically, the authors reported the following average temperatures (T=) for various
points: the medial palpebral commissure had an average temperature of T = 35.38 °C + 0.41
(compared to T = 34.48 °C £ 0.91 in our study), the labial commissure had an average tem-
perature of T =34.84 °C £ 0.61 (matching T = 34.84 °C & 0.61 in our study), the temporal re-
gion exhibited T = 34.8 °C £ 0.48 (compared to T = 33.84 °C =+ 0.67 in our study), the frontal
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region displayed T =34.5 °C £ 0.57 (in contrast to T = 33.85 °C £ 0.72 in our study), the lower
lip presented T = 34.3 °C £ 0.80 (as opposed to T = 33.84 °C £ 0.89 in our study), the lateral
palpebral commissure showed T = 34.27 °C + 0.55 (versus T = 33.55 °C + 0.97 in our study),
and the nasolabial region registered T = 34.1 °C £ 0.92 (compared to T = 33.24 °C £ 0.85 in
our study) [26]. In the study conducted by Antonaci et al. [17], researchers also chose
to perform point-by-point temperature measurements rather than assessing temperature
across an entire area due to observed differences in results between patient and control
groups. While patients with headaches exhibited a colder area in the frontal region, healthy
controls did not display this characteristic, rendering the area-based assessment unreliable
and non-reproducible. Consequently, the researchers opted to evaluate temperature at
specific and symmetrical points on the face to ensure more consistent outcomes. The data
suggest that this approach may be more dependable for detecting the location of the cold
area in headache patients when conducting this kind of thermal research.

Migraine with left-sided pain is generally associated with a lower quality of life,
anxiety, bipolar disorder, post-traumatic stress disorder, reduced sympathetic activity,
and increased parasympathetic activity. Conversely, migraine with right-sided pain is
associated with poorer performance in various cognitive tests, a higher degree of aniso-
coria (unequal pupil size), alterations in skin temperature, higher diastolic blood pres-
sure, changes in blood flow in the middle and basilar cerebral arteries, and alterations
in electroencephalograms [15]. More specifically, Blum et al. [15], when considering the
topography of the complaint, propose that headaches manifesting on the right side are
associated with changes in cutaneous temperature, while those on the left are related to
increased parasympathetic activity.

Supporting our findings, Iversen et al. [36] measured the diameter of frontal branches
of the superficial temporal artery with high-resolution ultrasound during a spontaneous
migraine attack and concluded that it was increased on the side of the reported pain, with
no diameter increase compared to the pain-free state. Amin et al. [37] using magnetic
resonance angiography reported bilateral increases in the circumference of the middle
cerebral artery and the cavernous portion of the internal carotid artery during a migraine
attack compared to a day without an attack. Although extracranial arteries did not dilate
during the migraine attack in their study, the authors did not rule out the possibility
of dilation of dural branches of the middle meningeal artery, as these are small arterial
branches that are difficult to visualize using the technique employed in their study.

In this study we did not compare the findings with a sample of women without
migraine. However, in a study conducted by Haddad et al. [26], thermoanatomical points
were described on the faces of healthy individuals and the authors did not report any statis-
tically significant differences between corresponding hemifaces. The average temperature
of the labial commissure was similar to that found in our study. However, the average
temperatures for other points on the face, including the medial palpebral commissure,
temporal region, frontal region, lower lip, lateral palpebral commissure, and nasolabial
region, exhibited higher values than those presented by the women in this study. Our find-
ings suggest that thermographic points in patients with chronic migraine exhibit distinct
temperature patterns compared to those observed in healthy individuals. In our study,
individuals with migraine displayed bilateral differences between termoanatomical points
and cooler facial temperatures in six specific thermoanatomical points that ranged from
—0.49 °C in the lower lip region to —0.96 °C in the temporal region.

Interestingly, our study did not identify thermal pattern discrepancies in partici-
pants with complaints of bilateral pain, contrary to some of the existing literature. This
observation raises questions about potential diagnostic errors or differences in the neuro-
physiopathological mechanisms underlying bilateral migraine presentations. Given the
predominantly clinical nature of migraine diagnosis and the lack of universally accepted
diagnostic markers, our research highlights the importance of further investigations into
facial temperature patterns to improve diagnostic accuracy. This inference gains substantial
support when considering that the diagnosis of migraine remains predominantly clinical
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and lacks universally accepted markers or laboratory tests for confirmation [38]. These cases
could be categorized as “probable migraine,” which is defined as migraine-like episodes
lacking one of the necessary features to fulfill all diagnostic criteria [2].

The examination of the nasal tip (R9) temperature revealed significant variation at this
thermoanatomical point. Previous studies have also reported lower nasal temperatures in
migraineurs [27], potentially associated with negative emotions and pain [39]. This could
be attributed to differences in vasomotor control mechanisms, with vasoconstrictor tone
dominating in the nose and active vasodilation in the forehead [40]. Our findings align with
these observations, as participants with right-sided pain exhibited lower nasal temperatures
compared to those with left-sided pain or bilateral pain. Zaproudina et al. [27,41] noted that
individuals with a family history of migraine who developed headaches after sublingual
nitroglycerin had lower nasal temperatures than control subjects. The skin temperature
values in individuals with migraine were below 30 °C in the nose in 58% of cases, compared
to 31% in the control group, which were 0.8 °C lower than the malar region. This behavior
aligns with our study, where participants with right-sided pain exhibited an average
temperature of 29.5 & 1.63 °C, those with left-sided pain had 31.45 °C =+ 2.69, and those
with bilateral pain had 30.81 + 2.59 °C.

To advance our understanding of this intriguing phenomenon, further research is
needed. Future studies should include larger and more diverse samples to enhance the
generalizability of our findings to broader populations. Additionally, the limited number of
participants with left-sided pain hindered a comprehensive analysis of thermal differences
in this subgroup. Moreover, our study’s cross-sectional design provides information from a
specific moment, preventing causal inferences regarding the relationship between chronic
migraine and facial thermographic changes. Future longitudinal investigations could pro-
vide insights into the dynamic nature of facial thermographic patterns in migraine patients,
potentially unravelling the complex interplay between neural control and vasomotor ac-
tivity. Finally, the absence of a control group limits our ability to conclude whether the
observed thermographic changes are specific to women with chronic migraine. Including a
control group in future research would allow for a more comprehensive comparison.

While we provide cautious conclusions firmly rooted in our data, the path forward
involves continued research to validate and expand upon our observations. Our findings
may be of interest to clinicians and researchers in the field of headache disorders, as
they offer a novel perspective on migraine pathophysiology. Understanding the thermal
patterns associated with migraine can aid in refining diagnostic criteria and potentially
inform treatment strategies. Facial point-of-care thermography may serve as a potential
adjunctive tool for understanding and diagnosing chronic migraine, particularly in cases
of right unilateral headache. However, the clinical implications of our findings should be
approached with caution, given the relatively small sample size, the absence of a control
group with healthy women, and the absence of the evaluation of women during ongoing
attacks. Therefore, we suggest future research to contribute to our findings and validate our
observations. This journey holds promise for improving the diagnosis and management of
chronic migraine, ultimately enhancing the quality of life for affected individuals.

In considering the potential clinical application of facial POC thermography in the
management of chronic migraine, the authors envision a precise and targeted approach.
Building upon the observed temperature disparities in the frontotemporal region, a tailored
therapeutic strategy could be developed. For instance, the authors propose that patients
with right unilateral headaches, displaying cooler temperatures in the right frontal region,
may benefit from targeted interventions aimed at modulating neural and vasomotor ac-
tivity in this specific area. This could involve the application of transcranial direct current
stimulation (tDCS) on the same side as the lower frontal skin temperature, as suggested by
Dalla Volta et al. [16]. This targeted approach aligns with the notion that thermoregulatory
aspects play a role in migraine pathophysiology [33,41-43]. Moreover, the authors high-
light the potential of facial POC thermography in guiding prophylactic treatments, such
as beta-blockers or calcium channel blockers, particularly given the observed reversibil-
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ity of thermal changes in a significant percentage of patients. The integration of facial
thermography into clinical practice could enhance diagnostic precision and contribute
to individualized treatment plans, ultimately improving the quality of life of individuals
affected by chronic migraine [16,33]. However, the authors emphasize the need for cautious
interpretation, given the study’s limitations, and advocate for further research to validate
and refine these potential applications in clinical settings.

5. Conclusions

In summary, our study contributes valuable insights into the facial thermographic
profile of women with chronic migraine. We observed temperature asymmetry in the
frontotemporal region, suggesting variations in neural control, and vasomotor activity.
While our findings align with some of the existing literature, further research is needed to
confirm and expand upon these observations. Our study highlights the potential utility of
facial thermography as an adjunctive tool in migraine diagnosis and understanding the
neurophysiological underpinnings of this complex condition.
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Abstract: Spinal cord stimulation (SCS) is proven to effectively relieve chronic neuropathic pain.
However, some implanted patients may face loss of efficacy (LoE) over time, and conversion to more
recent devices may rescue SCS therapy. Recent SCS systems offer novel stimulation capabilities,
such as temporal modulation and spatial neural targeting, and can be used to replace previous
neurostimulators without changing existing leads. Our multicenter, observational, consecutive case
series investigated real-world clinical outcomes in previously implanted SCS patients who were
converted to a new implantable pulse generator. Data from 58 patients in seven European centers
were analyzed (total follow-up 7.0 years, including 1.4 years after conversion). In the Rescue (LoE)
subgroup (n = 51), the responder rate was 58.5% at the last follow-up, and overall pain scores
(numerical rating scale) had decreased from 7.3 4 1.7 with the previous SCS system to 3.5 & 2.5
(p < 0.0001). Patients who converted for improved battery longevity (n = 7) had their pain scores
sustained below 3/10 with their new neurostimulator. Waveform preferences were diverse and patient
dependent (34.4% standard rate; 44.8% sub-perception modalities; 20.7% combination therapy). Our
results suggest that patients who experience LoE over time may benefit from upgrading to a more
versatile SCS system.

Keywords: chronic pain; spinal cord stimulation; system conversion; waveform therapy

1. Introduction

Chronic pain is a distressing condition, thought to affect around one-quarter of people
worldwide [1], and is a leading cause of disability and disease burden. Low back pain
is one of the top 10 contributors to years lived with disability in adults [2], impacting
psychological and social conditions [3-5]. Since its first application in the late 1960s [6],
spinal cord stimulation (SCS) using conventional paresthesia-based stimulation has proven
to be an effective and efficient therapy for chronic low back and/or leg pain [7-10]. New
SCS paradigms have been developed over the last 15 years, introducing neural-targeting
algorithms, sub-perception therapies, and waveform combination capabilities supported
by substantial clinical evidence [11-20].

While significant benefits from SCS therapy are sustained in the long term in most
patients, some may become suboptimal over time and face loss of efficacy (LoE) [21-24].
LoE can occur when pain coverage is lost (i.e., with new onset pain or when stimulation
is no longer perceived in the previous area [21,25]) or when patients have suboptimal
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pain relief despite no loss of coverage, implying stimulation tolerance that can affect up to
one-third of patients in the long term [22,23]. The pathophysiology of stimulation tolerance
is not yet fully understood but may include neural plasticity or fibrosis around the lead [21].

Once all of the potential device-related causes of LoE (e.g., lead migration, lead fracture,
battery depletion, etc.) have been excluded and/or managed accordingly, several rescue
strategies can be implemented. The objective of rescue therapy is to regain and sustain
clinically significant pain relief and thus expand the durability of SCS therapy and avoid the
need for explanting the SCS system [26-28]. If the implanted device is capable of delivering
at least one alternative SCS modality, non-invasive reprogramming strategies can be useful
to rescue LoE [16,29-32] and should be conducted first. However, the lack of programming
capabilities in previous generations of implantable pulse generators (IPG) able to deliver
only one stimulation modality may limit the possibilities for sustained pain relief.

Yet, it is possible to use a more versatile SCS device with advanced programming
capabilities that provide full access to a wide range of therapeutic options. These modalities
include supra- and sub-perception stimulation therapies that can be used either in isolation
or in combination and enable the use of advanced temporal and spatial neural-targeting
algorithms (e.g., customized field shapes using multiple independent current control,
MICC) [14-18,20,33,34]. Simple, minimally invasive replacement of the IPG, using an
adapter or not, can be performed, enabling access to multiple programmable solutions
that allow stimulation to be tailored and adjusted over time. This ability could potentially
overcome tolerance and avoid the need for explantation [34]. Several monocentric clinical
studies have reported promising results after LoE patients were offered IPG conversion
procedures, resulting in improvements in pain intensity, functional disability, and quality
of life [34], as well as successful rescue of 78% of patients who then sustained significant
benefits for up to one year after conversion [35].

Besides LoE, other patients with older-generation SCS devices may face suboptimal
battery longevity and/or charging inconvenience. These patients may also benefit from an
upgrade to more recent battery technology, which could expand the IPG’s longevity and
simplify their charging experience.

Our objective in this multicenter, European study was to investigate real-world clinical
outcomes in previously implanted SCS patients who converted to a multimodal SCS IPG
offering multiple waveform options. We hypothesized that patients who converted to a
newer system would report an improvement in overall pain scores that would be sustained
in the long term.

2. Materials and Methods
2.1. Study Design

These are the initial results from a retrospective review of data obtained from de-
identified patient records from a consecutive case series performed in seven centers through-
out Europe. Ethics Committee approval was obtained from each site, and the study was
conducted in accordance with Good Clinical Practice (ISO14155) guidelines and the Decla-
ration of Helsinki. All patients provided written, informed consent, as required per local
regulatory authorities.

2.2. Study Setting and Participants

Consecutive chronic pain patients (aged > 18 years) who had been converted, via a
direct lead connection or with the use of an adapter to a new SCS device (Boston Scientific
Neuromodulation, Valencia, CA, USA) after they had received SCS therapy with a previ-
ously implanted system (any manufacturer, apart from Boston Scientific) were included.
IPG conversion procedures were conducted between April 2016 and June 2022.

Each center applied its standard practice to decide whether to convert the patient’s
existing IPG. The reasons for replacing the previous IPG with a different technology varied.
In most cases, decisions to convert the previous device were motivated by suboptimal pain
relief (patients experiencing moderate to severe pain and/or <50% pain relief with the
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previous device), reprogramming limitations (no alternative waveforms with the previous
device), and/or longevity or charging issues. Two subgroups were further defined to
differentiate patients who had a conversion procedure to restore the efficacy of SCS therapy
(“Rescue” group) from those who were converted to a new IPG for a better experience with
device longevity and/or charging (“Sustain” group).

There were no exclusion criteria, as per the study protocol. All patients eligible for
SCS whose indications were compliant with the new device’s “directions for use” labeling
and with local regulations were included in the study.

Data collection was organized by the center and consisted of reporting documented
outcomes from patients’ medical files as they had been evaluated per standard of care. As a
result, the type of clinical evaluations and the number and timing of follow-up visits could
vary across sites and patients.

2.3. IPG Conuversion

Patients who were previously implanted with SCS systems from multiple manufactur-
ers had their IPG replaced with a multimodal Boston Scientific IPG (Spectra Wavewriter,
Precision Spectra, Wavewriter Alpha, Precision Montage, Precision Novi, or Precision Plus)
using an implantable adapter if needed (Precision M8 for Medtronic leads, Precision S8
for Abbott leads). For Nevro leads, a direct connection to the new IPG was possible and
performed without using any adapter. In all patients, SCS leads from the previously im-
planted SCS system were kept in place. The conversion procedure consisted of performing
a cutaneous incision at the level of the IPG pocket to remove the previous neurostimulator
and connecting the new one to the implanted lead or extension.

The multiple independent current control (MICC) technology and customized algo-
rithms embedded in the new SCS system were used to tailor stimulation programming,
including adapting the shape of the electrical field to optimize spatial neural targeting
and adjusting the temporal resolution of the signal using one or several waveform(s). The
programming capabilities offered by the new IPG included one or more of the following
SCS modalities:

e  MICC-tonic SCS: supra-perception, paresthesia-based SCS modality that uses MICC
technology and the Illumina 3D™ programming algorithm (Boston Scientific). Tllu-
mina 3D™ is a proprietary, neural-targeting algorithm that takes into account the 3D
anatomical environment around the SCS leads to compute the electrical field that will
best engage specific dorsal column fibers and cover the desired pain areas.

e  Customized burst SCS (Burst 3D or MicroBurst 3D, Boston Scientific): sub-perception
SCS modality delivering packets of burst stimuli in a regular manner. Burst stimulation
leverages the Illumina 3D™ algorithm to target the stimulation area and offers various
settings (e.g., intra-burst frequency, inter-burst frequency, pulse width, number of
pulses, etc.) that help to personalize the waveform to each patient.

e  High-frequency/dorsal horn modulation (DHM) SCS: sub-perception SCS modality
using high-frequency (<1.2 kHz) stimulation and MICC and/or the Illumina 3D
algorithm. High-frequency SCS can either use a focal target or a broad uniform field
of stimulation using the Contour algorithm (Boston Scientific). High-frequency SCS
has been shown to significantly reduce the wide dynamic range output [36], and the
Contour algorithm implements a stimulation field designed to preferentially modulate
the dorsal horn inhibitory interneurons [18,37].

e  Fast-acting sub-perception SCS therapy (FAST) enables rapid onset of analgesia that
combines precise placement of the stimulating electric field and precise dosing of
a biphasic symmetric waveform at low frequency in a manner intended to engage
surround inhibition for pain relief [38,39]. FAST therapy is programmed with the
proprietary Illumina 3D™ algorithm and uses a 90 Hz active recharge waveform to
achieve 100% coverage before reducing the amplitude to a sub-perception level.

e  Combination SCS therapy allows multiple waveforms to be layered in a simultane-
ous or sequential manner to engage various modalities and mechanisms of action.
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For example, MICC-tonic SCS could be simultaneously delivered with Contour SCS
to produce both dorsal column activation and dorsal horn modulation to optimize
pain relief.

2.4. Outcome Measures

All data were collected by the sites and their medical staff, as per standard practice
and without sponsor involvement. Patient assessments were made before any SCS system
was implanted, as well as prior to (pre-conversion) and immediately after implantation
of the new SCS system (immediate post-conversion follow-up), and at the latest available
follow-up (last follow-up). Demographic information was recorded, along with pain
location, surgical history, and reason for conversion. Pain intensity was evaluated using
the numerical rating scale (NRS, scored from 0 = no pain to 10 = worst pain; a score <3
corresponds to mild pain, 4-6 to moderate pain, and >7 to severe pain [40]). Patient
preference for a programming modality was also recorded. The Oswestry Disability Index
(ODI; 0 = no disability to 100 = highest level of disability) for assessing functional disability
and responder rates (number of patients with at least 50% reduction in pain scores) were
calculated for the “Rescue” subgroup.

Due to the retrospective design of this study, study outcomes reflect the clinical
evaluations that were documented by the sites, as per their standard practice, and the
available data were analyzed from only those patients who had completed follow-up at the
time of the data snapshot. As such, the number of patients assessed fluctuated over time.

2.5. Statistical Analysis

A Kolmogorov-Smirnov test was performed to confirm the normality of the change in
NRS score. For demographic data and NRS scores, means and standard deviations were
determined for the Overall group of patients, as well as for the “Rescue” and “Sustain”
subgroups. Descriptive analysis was used for the responder rates, which were calculated
based on individual NRS pain scores before and after IPG conversion. A paired t-test with
a two-sided 0.05 significance level was used to calculate whether the mean reduction in
pre-conversion baseline pain was greater than 0. For the statistical procedure measuring
overall NRS changes over time in both the Overall group and the Rescue subgroup, the
Mixed Effect Model was used with three time points (baseline, post-conversion immediate
follow-up, and last follow-up). Continuous variables are presented as mean + standard
deviation, while categorical variables are presented by frequency and percentage. All
statistical analyses were performed using SAS System Version 9.3 software or above (SAS
Institute Inc., Cary, NC, USA). The missing data were not imputed.

3. Results
3.1. Patient Population

Fifty-eight eligible patients (mean age 58.3 & 9.5 years, 46.5% females) were included
in the analysis. Patients suffered from pain in their low back and/or legs (Table 1). Prior to
any SCS implant, the mean overall pain score (NRS) was 7.8 + 1.9. At the time of conversion,
patients had been treated with spinal cord stimulation for a mean of 5.6 & 4.1 years.

Treatment goals and expectations differed depending on the motivations for converting
to a different IPG. The most frequent reasons patients chose to convert to a new SCS system
were to improve pain relief (71%), to obtain access to multiple stimulation modalities (34%),
for coverage of new pain areas (33%), and/or for better battery longevity (12%). Some
patients reported multiple reasons (Figure 1).
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Table 1. Patient characteristics (n = 58).

Characteristics Patients
Sex—female, 1 (%) 27 (46.5)
Age (years), mean + SD 583 +95n=>52
Pain location prior to IPG conversion, 1 (%) Low back/legs, 33 (57.0)
(multiple locations may be reported) Lower limbs, 25 (43.1)
Pain prior to any SCS implant, mean & SD 78+£19,n=47
Pain prior to IPG conversion, mean 4 SD
ALL patients 6.6 +25,n=56
Rescue group 73+17,n=49
Sustain group 15+12,n=7

Follow-up duration (years), mean + SD [range in years]
With previous IPG
With new IPG
Waveform used priori conversion

5.6 + 4.1[0.02-8.25], 1 = 58
1.4 + 1.4 [0.04-18.98], 1 = 50

12%

Paresthesia-based n=239
Paresthesia-free n=15
IPG, implantable pulse generator; SCS, spinal cord stimulation; SD, standard deviation.
80% 71%
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Figure 1. Reasons for converting to the new spinal cord stimulation implantable pulse generator

(N = 58). Multiple reasons could be selected by each patient.

Two subgroups were further defined to delineate the outcomes in converted patients

% .

Better battery Other
longevity

based on their pre-conversion pain scores and reasons for conversion:

e  Rescue of LoE (Rescue group): patients who had moderate to severe pain based on
pre-conversion overall pain scores (NRS > 4/10) or those who chose to convert for
any one of the following reasons: better pain relief, access to multiple stimulation
modalities, or coverage of new pain areas (1 = 51).

e  Sustain group: patients who had mild pain based on their pre-conversion overall pain

score (NRS < 3/10) or who chose to convert for better battery longevity (n = 7).

The overall average pre-conversion pain score (NRS) was 7.3 &= 1.7 in the Rescue group

(n =49) and 1.5 & 1.2 in the Sustain group (n =7).

3.2. Conversion Procedure

In all patients, SCS leads/extensions from the previous implanted system remained in
place. In all patients but five (8.6%), adaptors were used to connect the leads/extensions
to the new IPG (Table 2). Spectra Wavewriter was implanted in the majority of patients

(n =29, 50.0%), followed by Wavewriter Alpha (1 = 12, 20.7%).

56



J. Clin. Med. 2024, 13, 1079

Table 2. Device-related information (N = 58).

Device-Related Information Patients

Patients prior to conversion, type of adaptors used 1 (%)

M8/M1 adaptor 44 (75.9)
S8 adaptor 9 (15.5)
No adaptor 5 (8.6)
Patients after conversion, type of IPG implanted, 1 (%)
Spectra Wavewriter 29 (50.0)
Wavewriter Alpha 12 (20.7)
Precision Spectra 11 (18.9)
Precision Montage 3(5.2)
Precision Novi 1(1.7)
Precision Plus 1(1.7)
Not reported 1(1.7)

3.3. Post-Conversion Clinical Outcomes
3.3.1. All Patients

The Overall group of patients reported an average pre-conversion pain score of
6.6 £ 2.5 (n = 56) with the previous system post-optimization. Following the IPG up-
grade procedure, the overall NRS pain score significantly decreased to a level of 3.1 & 2.4
(n =49, p <0.0001) and was sustained until the last follow-up, i.e., 1.4 years after conversion
(mean NRS 3.4 + 2.5, n =50, p < 0.0001) (Figure 2). With their new SCS therapy, patients
experienced a significant and sustained reduction in their NRS score when compared to
the level of their pain with the previous system.

7.3
(n=49)

3.5
(n=43)

N

[ury

Pain score (numerical rating scale, 0-10)

All patients Rescue patients
M Pre-conversion Immediate post-conversion m Last follow-up

Figure 2. Overall NRS (0-10) pain scores (mean =+ standard error) from the pre-conversion baseline to
the immediate post-conversion and last follow-up evaluations (mean 1.4 years after new IPG implant)
in the Overall and Rescue groups.

3.3.2. Rescue (LoE) Subgroup

In the Rescue (LoE) subgroup (1 = 51), the mean pre-conversion overall pain score
was 7.3 + 1.7, despite programming optimization, and close to the level of pain reported
by these patients before they started SCS therapy (7.8 & 1.9).

After their previous device was replaced with the new IPG, patients reported a sig-
nificant improvement in overall pain compared to pre-conversion (mean 4.1 £ 2.8-point
reduction in the NRS score, p < 0.0001), with NRS pain score decreasing from 7.3 + 1.7
before IPG was replaced to 3.4 £ 2.4 immediately after conversion (p < 0.0001). The im-

57



J. Clin. Med. 2024, 13, 1079

provement with the new SCS system was sustained at the last follow-up (mean NRS score
3.5+ 2.5, p <0.0001) (Figure 2).

The responder rate (proportion of patients reporting 50% pain relief or more) immedi-
ately after conversion was 78.0% (n = 32/41) and 58.5% (n = 24/41) at the last follow-up
(1.4 years on average after conversion). Furthermore, 48.8% (1 = 20/41) and 39.0% (16/41)
of the Rescue patients reported >70% decrease in overall pain after conversion and at the
last follow-up, respectively.

There was also a significant improvement in patients’ disability, with a mean reduction
of 18.5 points in the ODI scores when comparing the pre-conversion status (63.9 & 14.4,
n = 14) to the last follow-up evaluations (40.8 + 18.8, n = 23) (p = 0.01).

3.3.3. Sustain Subgroup

In patients for whom the conversion was solely to benefit from a higher battery
longevity or better charging experience (1 = 7), the average pre-conversion pain score was
1.5 & 1.2 and remained below 3/10 until the last follow-up (1.3 years after the new IPG was
implanted).

3.3.4. Waveforms Usage

Patients reported their SCS program usage following conversion. At the last follow-up,
the “MICC-paresthesia based SCS” modality was used the most, followed by combination
SCS, then sub-perception therapies (burst/microburst or high-rate/DHM/FAST) (Figure 3).
Patients could report the use of multiple programs and adjust their therapy as needed
using their remote control.

25

22

20
17

15

10

Waveform usage: number of patients

Paresthesia-based Combination therapy DHM or FAST or HR  Burst or Microburst

Figure 3. Waveform usage at last follow-up. Multiple waveforms may be used by each patient. DHM:
dorsal horn modulation; FAST: fast-acting sub-perception; HR: high-rate SCS.

4. Discussion

Our multicenter, observational, consecutive case series demonstrated that patients
who converted to a new SCS system reported a significant improvement in overall pain
scores that was sustained for 1.4 years post conversion. The majority of patients (88%,
n = 51/58) were offered an IPG conversion procedure due to the loss of efficacy they faced
with their previous system despite programming optimization. These findings support
our hypothesis that new IPG with the capability to deliver multiple stimulation modalities
and programming options can help restore SCS efficacy and that undertaking a conversion
procedure may prevent the need for future explantation.
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It is now well established that some patients using SCS for chronic pain may see
their therapeutic response decrease (i.e., LoE) several years after their initial implant and
may become totally refractory to SCS treatment [21-24]. Multiple clinical reports have
described LoE cases and shown that 12-68% of patients became refractory to their initial
SCS treatment after a period of 2—4.0 years [21,23,24,41]. LoE can have serious consequences,
and multiple real-world reports have demonstrated that the primary reason for explants
was inadequate pain relief [26-28]. Three large patient cohorts estimated that 41-52% of
SCS explants in the long term were due to LoE [26-28], while 81% of patients from a cohort
of 129 patients who underwent explantation of their SCS system over a nine-year period
gave LoE as the primary reason [42].

The explantation rate due to inadequate pain relief is reported to be lower when
using multimodal devices (2.4% [43]) compared with traditional SCS systems (around
10% [27,44]), possibly due to the ability to easily switch programs when pain relief is no
longer sufficient or when the pain condition evolves with time [31]. Most of the systems
used in early studies assessing real-world, long-term outcomes in patients experiencing LoE
were non-versatile and had limited reprogramming capabilities, possibly compromising
their ability to rescue LoE patients with the existing IPG and thus increasing the need for ex-
plantation. In 2014, Deer et al. [22] described “stimulation tolerance” as a difficult-to-predict
“biologic complication” of SCS that could occur during the course of patient follow-up.
The recommendations from the Neuromodulation Appropriateness Consensus Committee
(NACC) group to help prevent or alleviate stimulation tolerance included the use of more
versatile IPGs, which could “offer the possibility of choosing between paresthesia and
paresthesia-free stimulation and modulation capabilities” [22]. Since then, various clinical
reports have documented variable rates of success in patients using standard-rate SCS who
experienced LoE and were subsequently converted to a system offering different modalities
such as high-density SCS [29], BurstDR stimulation [24,30], 10 kHz SCS [45,46], or system
with versatile capability [34,35]. In all of these experiences, the failed therapy was con-
ventional standard-rate SCS therapy using single-source technology; however, it has been
shown that LoE can also occur with other modalities [41]. Results from the WHISPER ran-
domized controlled trial (RCT) demonstrated that a device capable of providing multiple
neurostimulation therapies provided superior long-term outcomes when subjects were able
to choose the most effective therapy [47]. In the MULTIWAVE crossover RCT, the responder
rate increased by up to 25% when a device capable of such versatility was used [20,33], with
a responder rate of 95% considering multidimensional index assessment [48]. Our own
results demonstrated that in patients with LoE who converted to a new IPG (after more
than five years of successful treatment with their previous SCS system), the mean NRS pain
score decreased by 4.1 points (p < 0.0001) compared to pre-conversion, with a treatment
responder rate of 58.5% (>50% improvement in overall pain) at the last follow-up. In
addition, disability also improved after conversion in these patients, as illustrated by the
18.5-point clinically significant reduction in the ODI score. Our results are consistent with
previous reports of rescue experiences using similar devices [34,35], which have found
that 12 months after conversion, pain scores were reduced by 4.4 points and 4.6 points,
respectively, and ODI improved by 13.7 points [34]. The “sustain” subgroup of patients,
although limited in size (1 = 7), maintained the efficacy of SCS with their new device for
up to 1.3 years after conversion. Previous studies had reported that SCS efficacy can be
sustained over time after replacing the IPG, and that pain relief after replacement did not
differ when compared to de novo implants [49,50].

Interestingly, we found that a significant number of patients (N = 22) used the MICC-
tonic SCS modality as part of their rescue therapy, suggesting that spatial neural targeting
may be an important factor to consider when optimizing standard-rate SCS and may play
a role in overcoming lead fibrosis issues. Indeed, a study in chronic low back pain has
demonstrated that SCS using 3D neural targeting led to better long-term pain relief over
two years compared to conventional SCS, regardless of pain location [14]. Another finding
derived from our evaluation was that the improvement in efficacy observed following
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conversion, in contrast to the use of monotherapy that precipitated the subsequent LoE, did
not appear to be dependent on a particular preference for a specific rescue waveform. After
conversion, 37.9% of patients used standard-rate paresthesia-based MICC SCS therapy,
44.8% used one of the various sub-perception modalities now available on their device,
while 29.3% used combination SCS therapy. These results suggest that device versatility
and programming capabilities are likely important for achieving optimal and personal-
ized responses within the highly diverse cohort of patients who experience LoE and are
consistent with the findings of Andrade et al. [35] and Rigoard et al. [34]. Furthermore,
sustaining the efficacy of SCS therapy for years after implantation is important for relieving
the level of burden on patients and healthcare systems. In our study, LoE patients had
already experienced 5.6 years of successful therapy with their initial SCS system. The IPG
conversion procedure enabled them to regain that efficacy and prolong the benefits of
therapy for an additional mean of 1.4 years to date, resulting in almost 7 years of significant
pain relief when using SCS therapy. In fact, the cumulative, real-world data collected
over such a long time period in consecutive patients are a strength of our multicenter,
international study and confirm that adaptable SCS therapy in well-monitored patients can
provide effective, long-term pain relief.

Our study does have some limitations. Due to the retrospective nature of the study, the
analysis is limited to only those data points that are available based on documented medical
chart review per standard of care, without protocol, constant time points, and standardized
outcomes. Therefore, some data are missing, and a limited number of multidimensional
assessments were reported. There was also an imbalance in the number of patients in
the Rescue and Sustain subgroups. Although our findings demonstrate increased and
sustained efficacy in patients who experience LoE, it is necessary to confirm these data in
larger and/or controlled studies and to further analyze the impact of flexible SCS therapy in
patients who have already achieved relatively good pain relief. While a 1.4-year follow-up
could be considered a strength of our study, offering pain relief in LoE patients, longer
follow-ups are needed to capture the potential return of LoE with the new device. Despite
the positive outcomes that we observed, future research is needed to obtain a greater
understanding of the causes and mechanisms of LoE and to more precisely characterize the
clinical profiles of LoE patients and the evolutions in their pathology that could explain
why they became refractory to SCS. More data (e.g., large samples of patients, multiple
datapoints) and artificial intelligence algorithms may ultimately enable better prediction
and personalization of the neurostimulative modality(-ies) utilized by patients in the
context of LoE and possibly help to prevent or reduce the incidence of LoE. Finally, the
characteristics between the previous and new IPGs were not collected in our study. These
elements, such as MRI compatibility, should be documented to ensure, at the very least, a
similar capability of the systems. Improvements in MRI conditional compatibility of such
hybrid SCS systems need to be further developed in the future.

5. Conclusions

Our clinical evaluation demonstrates that a simple conversion procedure was able to
salvage SCS therapy and extend therapy longevity in chronic pain patients experiencing
loss of efficacy. The level of pain reduction achieved following conversion was maintained
in the long term (mean 1.4 years to date). Prospective randomized controlled trials are now
needed to further confirm these findings.
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Abstract: Background: Mild-to-moderate knee osteoarthritis (KOA) can be successfully treated
using intra-articular hyaluronic acid (IA-HA). The medial infrapatellar (MIP) approach and lateral
infrapatellar (LIP) approach are two of the most used techniques for performing IA-HA, but it is
still not clear which one is preferable. Objectives: The study aims to find the best knee injection
technique between MIP and LIP approaches. Methods: In total, 161 patients were enrolled, divided
into two groups (MIP or LIP). Each technique was performed once a week for three weeks. Patients
were evaluated using the Numeric Rating Scale (NRS), Knee Injury and Osteoarthritis Outcome Score
(KOOS) and Roles and Maudsley Score (RMS) at TO (before the first injection), T1 (one week after
the third injection) and T2 (six months after). Results: NRS, KOOS and RMS showed a statistically
significant improvement in both groups at all the detection times, without significant differences. No
differences were detected between the groups in terms of systemic effect effusions, while the MIP
group presented a mildly higher number of bruises in comparison with the LIP group (p = 0.034).
Conclusions: Both the IA-HA techniques are equally effective in measured outcomes. The MIP
approach seems to produce some local and transient side effects. So, the choice of the LIP or MIP
approach depends on the operator’s skill and experience.

Keywords: knee osteoarthritis; hyaluronic acid; intra-articular hyaluronic acid; medial infrapatellar
approach; lateral infrapatellar approach; rehabilitation

1. Introduction

Osteoarthritis (OA) is a chronic degenerative articular disease [1-3]. Knee osteoarthri-
tis (KOA) is the most frequent since the knee joint is particularly exposed to mechanical
overloads [4], causing chronic pain and severe motor impairments, which lead to disability
and loss of independence in carrying out the activities of daily living [5].

There are many therapies for KOA treatment, from drugs and new nutraceutical
products to relieve pain [6,7] to prosthetic surgery during the most severe stages [8].

Hyaluronic acid (HA) is a glycosaminoglycan that occurs naturally in the knee synovial
fluid. In KOA, due to decreased HA production, degradation and increased clearance,
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synovial fluid HA concentration is lower than in healthy knees. The aim of HA intra-
articular injections (IA-HA) is the restoration of its viscoelastic properties, preventing
cartilage degradation, promoting its regeneration and reducing chronic pain [9]. IA-HA
represents a valid and effective option for mild-to-moderate KOA management, as well as
for severe non-surgical management [10].

There are many approaches to performing knee IA-HA injections. Maricar et al. iden-
tified eight different knee injection sites for the palpation-guided technique. Nevertheless,
physician experience largely influences the accuracy of injections. A high parapatellar
approach is preferred for fluid evacuation, while two of the most used are the lateral infrap-
atellar (LIP) approach and the medial infrapatellar (MIP) one [11]. In both cases, the IA-HA
injection is performed with the knee flexed at 90°, accessing the knee joint by passing next
to the patella and the related tendon with the medial or lateral patellofemoral approach.

KOA most often affects the medial tibiofemoral compartment. As a consequence,
patients frequently report pain located in the medial compartment of the knee [12]. Con-
sequently, among patients, it is commonly thought that the MIP approach could be more
effective due to the needle placement nearer the pain site.

Although previous studies have been conducted to evaluate the most effective needle
placement into the knee intra-articular space, to our knowledge, none of the previous in-
vestigations compared these two approaches in terms of effectiveness and local side effects.

Since there is still no evidence available that the medial approach grants better out-
comes or whether one of the two techniques is more valid than the other, a retrospective
study was carried out to compare the effectiveness of these two techniques in terms of
clinical outcomes and local side effects for treating KOA with HA injections.

2. Materials and Methods

This study is an observational retrospective one. It was carried out according to the
Declaration of Helsinki Principles, and it received the approval of the human ethical com-
mittee of the General Hospital of Bari, Italy, protocol number 1402 /CEL, 13 December 2023.

The written informed consent of each enrolled subject was originally collected as an
express acceptance to undergo the injection treatments and to allow the use of the data for
scientific research purposes.

2.1. Study Population

We retrospectively enrolled 161 patients (74 men and 87 women) affected by KOA who
attended the Physical Medicine and Rehabilitation outpatient service of the Bari General
Hospital from January 2019 to March 2023.

The inclusion criteria were as follows:

e  Diagnosis of KOA confirmed by a clinical medical evaluation and by an X-ray taken
within the previous 12 months;

o  Kellgren-Lawrence (KL) REF grade 2-3;

e Age between 55 and 75 years;

e  Monolateral Knee Pain (NRS > 3) lasting for at least 3 months or longer.

The exclusion criteria were as follows:

e  Previous knee surgery;

e Diagnosis of other musculoskeletal or neurological or rheumatological disorders
affecting the lower limbs;

e Any KOA Jocal and systemic treatment in the previous 6 months (therapeutic exercises,
physical therapy, other injections, NSAIDs, etc.);

e  Pharmacological therapies or systemic diseases which contraindicate injection treat-
ments (e.g., anticoagulant drugs, coagulopathies).

The patients were retrospectively divided into two different groups according to
the injection site. Group A consisted of 79 KOA patients treated once a week for three
consecutive weeks with three HA MIP injections; group B consisted of 82 KOA patients
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treated with three HA LIP injections once a week for three consecutive weeks. All injections
were performed by an expert physiatrist who had 5 years of experience in knee IA injections.

2.2. Intervention

The patient was positioned supine with the hip flexed at approximately 45° and the
knee flexed at approximately 45°. Before each injection, a meticulous skin disinfection
was performed using sterile gauzes soaked in povidone iodine solution. The same high-
molecular-weight (>1500 kDalton) HA was used for each injection using a 2.0 in (5.1 cm)
21-gauge needle. Each vial contained 30 mg of HA in 2 mL. The performed injection
techniques were the standard LIP and MIP techniques delivered in an ultrasound-assisted
way (Figure 1).

.

Figure 1. MIP and LIP knee joint injection access (left knee).

The preliminary ultrasound assessment is useful for evaluating the anatomical struc-
tures and for establishing the correct needle direction [13]. In the LIP technique, the needle
is inserted about 1 cm below and 1 cm lateral to the inferior lateral margin of the patella,
and then it is directed diagonally, going from the lateral side behind the patella (Figure 2).

In the MIP technique, the needle is inserted about 1 cm below and 1 cm medially to
the inferior medial aspect of the patella, and then it is directed obliquely, going from the
medial side behind the patella (Figure 3).

2.3. Timing

All the involved patients were evaluated by three different physiatrists at the following
detection times:
e TO: at the enrolment, which overlapped with the date of the first injection;
e  T1: one week after completing the IA-HA cycle, three weeks after the first injection;
o  T2: six months after the first IA-HA injection.

The first injection was administered at TO, the second one a week after the first and
the third one a week after the second.
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Figure 2. LIP technique performed in the left knee.

e

Figure 3. MIP technique performed in the left knee.

2.4. Outcome Measures

The aim of this study was to assess the best clinical knee injection approach between
MIP and LIP techniques in terms of knee pain and functional improvement and local side
effects. At TO, T1 and T2, after a medical and ultrasound evaluation of the treated knee,
each patient was evaluated with the Numeric Rating Scale (NRS) and Knee Injury and
Osteoarthritis Outcome Score (KOOS). The NRS is a validated pain scale with a score
ranging from 0 (no pain) to 10 (maximum pain) [14]. The KOOS is a 42-item questionnaire
useful for assessing self-reported progress in knee functions [15]. At T1 and T2, the Roles
and Maudsley Score (RMS) was also collected for each patient. The RMS is a subjective
patient assessment of pain, and it was used as an instrument to evaluate the satisfaction
with the treatment in terms of effectiveness, discomfort related to the execution and the
procedure’s side effects. At T1 and T2, for each patient, the examining physiatrist filled out
a diary with all the local effects reported after the injections. The side effects were recorded
after an inspection and palpatory examination to highlight bruises, hematomas and sites of
pain; then, they were further investigated with an ultrasound evaluation.
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2.5. Statistical Analysis

Data were analyzed using Stata MP18 software. We expressed continuous variables as
mean =+ standard deviation (SD) and range; categorical data were expressed as proportions.
The Skewness and Kurtosis test was used to compare normal distribution of continuous
data, and, whenever possible, we created a normal model for those data not normally dis-
tributed. For parametric data, a Student’s t-test was used to compare continuous variables
between the two groups. The continuous variables were compared between the two groups
using the Student’s t-test for independent data or using the Wilcoxon signed-rank test
for non-parametric data. An ANOVA test was used for repetitive measures, comparing
different timing. The Chi-squared test was used to compare categorical variables between
groups. A multivariate linear regression was used for the analysis of the relationship
between the NRS and KOOS outcomes at T0 and T2, and between sex, age, BMI and groups.
Confidence interval was set at 95%, while a p-value was considered statistically significant
if <0.05.

3. Results

The study sample was made up of 161 (74 men and 87 women) patients suffering from
KOA, divided into group A, composed of 79 people (49.1%), and group B, composed of
82 subjects (59.9%). The average age was 66 £ 4.3 years (range 56-75). The groups were
homogenous regarding age, gender and BMI. The sample’s characteristics are resumed in
Table 1.

Table 1. Characteristics of the sample divided per group.

Parameter Group A Group B Total p-Value
Age (years); mean + SD (range) 65.8 + 4.3 (56-73) 66.3 + 4.4 (57-75) 66.0 + 4.3 (56-75) 0.481
Male; 11 (%) 35 (44.3) 39 (47.6) 74 (46.0) 0.678
BMI (kg/m2); mean + SD (range) 27.5 + 2.6 (22-35) 27.2 4 2.5 (23-36) 27.4 4 2.5 (22-36) 0.249
Side; 1 (%)
left 35 (44.3) 31 (37.8) 66 (41.0) 0.402
right 44 (55.7) 51 (62.2) 95 (59.0)
Doppler activity; 1 (%) 6(7.6) 9 (11.0) 15 (9.3) 0.461

BMI = body mass index; SD = standard deviation.

The outcome variables, by group and detection time, are described in Table 2. The
NRS showed a statistically significant reduction in subsequent time points in both groups
(group A: T1 6.6 & 1.0 (4-8), T2 2.5 + 0.8 (1-5), T3 2.2 = 0.7 (0-4); group B: T1 6.7 & 1.0 (4-8),
T22.2 + 0.7 (0-4), T3 2.0 £ 0.7 (0-4)). In all the KOOS scale’s sections, values increased
between TO and T1 and T2 in group A as well as in group B in a statistically significant way
(p <0.0001). All these findings are fully described in Table 2.

The ANOVA test for repeated measurements showed a statistically significant dif-
ference for all the aforementioned outcome measures in the comparison between times.
The Roles and Maudsley Score, assessing procedure satisfaction as a self-reported out-
come, showed a minimum decrement between T1 and T2 and a difference between groups
(p = 0.042), both not statistically relevant. Every single outcome is also visually represented
as line graphs in Figures 4 and 5, showing the evolution over time for each scale. Figure 6
displays the Roles and Maudsley Score at each evaluation time. The figure underlines
the difference between the two groups, but, as outlined in Table 2, the p-value is >0.05;
therefore, it is not statistically significant.
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Table 2. Average + SD and range of outcomes per time and group.

To T T GrouP Tlme. Time and C.;roup
Comparison Comparison Interaction
NRS
Group A 6.6 + 1.0 (4-8) 2.5+ 0.8 (1-5) 2.2+ 0.7 (0-4) 0.283 <0.0001 0.117
Group B 6.7 + 1.0 (4-8) 2.2+ 0.7 (0-4) 2.0 + 0.7 (0-4)
Total 6.6 + 1.0 (4-8) 2.4 + 0.8 (0-5) 2.1+ 0.7 (0-4)
KOOS—Symptoms
60.8 + 5.6 73.0 £ 6.9 764 +5.8
Group A (50.1-71.0) (54.6-89.0) (64.7-91.0) 0.348 <0.0001 0.770
Groun B 61.8 +5.0 739475 76.7 + 6.9
P (52.4-72.0) (57.0-88.0) (60.4-90.0)
Total 61.3+£53 735472 76.5 + 6.4
ota (50.1-72.0) (54.6-89.0) (60.4-91.0)
KOOS—Pain
Group A 556+ 6.2 (40-72)  69.7 +7.5(53-88)  74.6 + 7.8 (60-94) 0.528 <0.0001 0.756
GroupB  55.6+7.3(39-73) 705+ 6.5(54-84)  75.3 + 5.0 (60-92)
Total 55.6 & 6.8 (39-73)  70.147.0 (53-88)  75.0 + 6.5 (60-94)
KOOS—Activity of Daily Life
66.8 £ 7.4 78.8 + 6.3 79.1 + 6.7
Group A 46583.4) (61.0-95.0) (65.0-90.2) 0628 <0.0001 0398
Groun B 67.1+54 77.7 + 6.2 78.8 + 5.4
P (48.8-87.3) (63.6-95.0) (64.0-90.0)
Total 66.9 + 6.4 783 4 6.2 79.0 + 6.1
ota (46.5-87.3) (61.0-95.0) (64.0-90.2)
KOOS—Sport
321+ 6.0 422457 430+54
Group A (16-50) (22.0-52.0) (28-51) 0.354 <0.0001 0.633
PN 324+50 431+54 439+54
P (17-48) (26-51) (28-54)
Total 323+55 427456 434+54
ota (16-50) (22-52) (28-54)
KOOS—Quality of Life
333+5.0 459 +57 46.8 £ 5.0
Group A (18-48) (25-65) (25-66) 0.852 <0.0001 0.854
Groun B 33.1+49 462+58 470+ 46
P (17-48) (25-66) (40-65)
Total 332+ 49 461 +57 46.9 + 4.8
ota (17-48) (25-66) (25-66)
Roles and Maudsley Score
19405 1.8+05
Group A (1-3) (1-3) 0.051 0.042 0.849
18405 1.64+05
Group B (1-3) (1-3)
Total i 18405 17405
ota (1-3) (1-3)
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Figure 6. Roles and Maudsley Score, by group.

Tables 3-8 describe the multivariate linear regression analyses by single outcome.
Sex, age, BMI and knee side were identified as potential confounders and included in
the multivariate linear regression analysis to investigate any influence on every single
outcome measure.
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Table 3. A multivariate linear regression model to analyze the NRS variations between T2 and T0.

Variable Coef. 95%CI p-Value
Group (Bvs. A) —-0.20 —0.52-0.13 0.238
Age (years) —0.02 —0.06-0.16 0.248
Sex (male vs. female) —0.38 —0.71-—0.05 0.024
BMI (kg/m?) 0.01 —0.05-0.08 0.658
Side (right vs. left) —0.42 —0.76-0.09 0.014

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

Table 4. A multivariate linear regression model to analyze the KOOS variations in Symptoms between

T2 and TO.
Variable Coef. 95%CI p-Value
Group (Bvs. A) —0.72 —2.93-1.49 0.520
Age (years) 0.18 —0.07-0.44 0.157
Sex (male vs. female) 1.42 —0.79-3.64 0.206
BMI (kg/m?) 0.51 0.06-0.96 0.025
Side (right vs. left) 1.00 —1.26-3.26 0.386

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

Table 5. A multivariate linear regression model to analyze the KOOS variations in Pain between T2

and TO.
Variable Coef. 95%CI p-Value
Group (Bvs. A) 0.74 —1.89-3.38 0.578
Age (years) 0.24 —0.07-0.54 0.123
Sex (male vs. female) 0.41 —2.22-3.05 0.758
BMI (kg/m?) 0.25 —0.28-0.78 0.362
Side (right vs. left) —0.34 —3.02-2.35 0.805

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

Table 6. A multivariate linear regression model to analyze the KOOS variations in Activity of Daily

Life between T2 and TO.
Variable Coef. 95%CI p-Value
Group (B vs. A) —-0.78 —3.27-1.71 0.536
Age (years) -0.13 —0.42-0.15 0.363
Sex (male vs. female) 0.41 —2.08-2.90 0.747
BMI (kg/m?) —0.30 —0.80-0.20 0.239
Side (right vs. left) 1.07 —1.47-3.60 0.408

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

Table 7. A multivariate linear regression model to analyze KOOS variations in Sport between T2

and TO.
Variable Coef. 95%CI p-Value
Group (Bvs. A) 0.69 —1.20-2.58 0.474
Age (years) —0.01 —0.23-0.21 0.933
Sex (male vs. female) 0.99 —0.91-2.88 0.304
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Table 7. Cont.

Variable Coef. 95%CI p-Value
BMI (kg/m?) 0.22 —0.17-0.60 0.266
Side (right vs. left) 0.28 —1.64-2.21 0.774

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

Table 8. A multivariate linear regression model to analyze KOOS variations in Quality of Life between
T2 and TO.

Variable Coef. 95%CI p-Value
Group (B vs. A) 0.29 —1.73-2.31 0.778
Age (years) 0.13 —0.11-0.36 0.287
Sex (male vs. female) 0.38 —1.64-2.40 0.711
BMI (kg/m?) —0.10 —0.50-0.31 0.641
Side (right vs. left) —0.22 —2.28-1.83 0.834

BMI = body mass index; Coef. = coefficient; CI = confidence interval.

In Table 9, the side effect prevalence is explained. No systemic adverse events and
no allergic reactions (skin rash, hives) were reported. Only local adverse events were
recorded, such as bruises and effusions. The presence of bruises was observed in 23 sub-
jects (14.3%), and there was a statistically significant difference between groups (group
A: 16, 20.3% vs. group B: 7, 8.5%; p-value = 0.034). For 23 (14.3%) patients, there was
effusion, without statistically significant differences between the groups (group A: 15,
19.0% vs. group B: 8, 9.8%; p-value = 0.094).

Table 9. Side effect prevalence (“bruise” and “effusion”) per group.

Variable Group A (n=79) Group B (n=82)  Total (n =161) p-Value
Effusion; n (%) 15 (19.0) 8(9.8) 23 (14.3) 0.094
Bruise; 1 (%) 16 (20.3) 7 (8.5) 23 (14.3) 0.034

4. Discussion

The efficacy of IA-HA injections for treating KOA is already well known [16]. In
fact, it represents a simple and safe procedure which grants short- and medium-term
pain relief with a positive effect on joint functionality. Currently, there is weak evidence
in the literature about the long-term effects of IA-HA for pain relief, but some studies
demonstrated that IA-HA can delay knee arthroplasty surgery [17].

The best approach for knee injection is still uncertain; the procedure choice is often
based only on the physician’s experience. The goal is to deliver an adequate quote of
medication in the IA space, to improve the technique accuracy and to reduce the risk that,
during the injection, the needle may engage with the medial knee plica or the fat pad.

Our findings demonstrated the efficacy of IA-HA. In fact, both groups significantly
improved between TO and T2 both in terms of pain reduction according to NRS scores
(p < 0.0001) and in terms of joint function, according to KOOS (p < 0.0001).

Particularly, the NRS decreased by approximately four points in both groups. These
results are in line with the current scientific literature, which states the effectiveness of
IA-HA injections in relieving knee pain during up to 6 months of follow up [18]. Similarly,
KOQOS values improved in both groups and for each scale section. Also, these results are in
line with the available evidence of IA-HA injections’ effectiveness [19,20].

The multivariate linear regression analysis ruled out that these results were influenced
by the determinants described in Table 1, except for two aspects. Particularly, sex seemed
to slightly affect the NRS scores (p = 0.024) so that females seemed to have a better response
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to IA-HA. This gap may be due to a different experience of pain between men and women.
NRS values slightly differ among people. Furthermore, women experience pain more
frequently due to the role of sex and gender; this aspect could refer to many causes, ranging
from factors related to biological sex to those related to psychosocial gender. Moreover, to
our knowledge, the previous literature never reported or investigated gender differences in
IA-HA effects, and it would be desirable for this aspect to be explored in future studies.
The other apparently significant determinant is the BMI with respect to the trend of the
KOOS Symptoms score (p = 0.025). In this case, an explanation could be the fact that people
with a higher BMI usually have a lower KOOS Symptoms rate at baseline, and, therefore,
they obtain a more marked increase in KOOS Symptoms rate between T0 and T2 due to the
benefits derived from IA-HA.

No weight-related difference was found in pain scale between the two groups. Partially
in contrast with our results, a study conducted by D’Alessandro et al. compared the
accuracy of other injection techniques in overweight patients (BMI > 25) affected by KOA.
They found no variation of injection-related pain in IA-HA between anterolateral and
superolateral access. According to their research, an increase in BMI seems to be indicative
of greater pain during anterolateral access. They explained this evidence as a consequence
of a greater local production of adipocytokines, due to the augmented subcutaneous tissue
in overweight patients, rather than to Hoffa's fat pad, whose volume seems to not be related
to weight [21].

Most importantly for our research, there were no significant differences between the
two groups according to NRS and KOOS. Based on our results, MIP and LIP approaches are
equally effective as minimally invasive KOA treatments so neither approach is preferable
to the other.

In the available scientific literature, data are lacking in the specific comparison between
MIP and LIP approaches. A comparison study by Toda et al. [22] deepened the accuracy
rates of three different knee IA approaches, namely, LIP and MIP approaches with the
patient in a seated position and the modified Waddell approach, an anteromedial approach
with manipulative ankle traction at 30 degrees of knee flexion. Although the number of
patients was small, no significant differences were detected between the three techniques
for KL 2 and 3 patients (p > 0.05), in line with our results.

The anterolateral approach, both medial and lateral, seems to be more accurate and
effective than the traditional superolateral one [23]. In fact, the MIP and LIP techniques
are useful when the knee is dry, without joint effusions, with no anatomical variations,
and when the knee cannot be fully extended [24]. Moreover, these approaches are easy to
perform also with a palpatory landmark guide in the absence of an ultrasound guide [25].

Regarding RMS, at each detection time, both groups had a high satisfaction with the
received injection treatment. Even though there was no statistically significant difference be-
tween the groups, we observed an interesting trend in favor of the LIP approach (p = 0.051).
Although this is only a trend, this can probably be justified by the fact that the LIP technique
seems to be more accurate when the knee is dry; therefore, with the same effectiveness, it
can be less painful for patients as it allows for a more accurate infiltration [26]. In fact, a
study by Jackson et al. compared different IA knee injections using real-time fluoroscopic
imaging with contrast material and affirmed that a lateral midpatellar injection (an injection
into the patellofemoral joint) was the most precise one since it was intra-articular in 93%
of cases [27]. This finding is also validated in a paper by Park et al. that investigated the
injection accuracy rate in three different knee sites with an ultrasound-guided approach.
They stated that, in KOA, ultrasound-guided IA-HA injections in the mediolateral or
superolateral space were more accurate than those through the medial space [28].

This reasoning could be extended also to the analysis of the findings regarding the local
side effects. In fact, there were no systemic adverse effects, while the results obtained for
bruises and joint effusions were different in statistical terms. No differences were detected
between the groups in terms of effusions, while the MIP group (group A) presented a
significantly higher number of bruises in comparison with the LIP group (p = 0.034). The
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higher frequency of bruises could be due to the fact that, in the MIP approach, there is a
higher risk of crossing subcutaneous small veins. Our results are in line with a previous
study published by Lussier et al. [29] that confirms that both techniques are safe, but the
LIP one seems to be more accurate, making even minimal injection-related discomforts
less frequent.

In conclusion, MIP and LIP techniques appear to be totally equivalent in terms of
effectiveness. This evidence is far from obvious or without usefulness. On the contrary,
it allows us to choose the approach based on the skills of the operator performing the
injections or based on the clinical contingency. Sometimes, KOA determines an alteration
of the joint anatomy and a deformity such as to force access from one side rather than
another [30,31]. Particularly, the medial knee compartment is more frequently altered
by KOA, and the bone reshaping could be an obstacle to a correct and easy injection
using the MIP technique [32,33]. In these cases, the LIP approach could be preferred,
as well as in cases where there is an increased risk of bleeding and bruising caused by
the infiltration itself (for example, in patients taking anticoagulants). Similarly, when
there are no preferences due to the physician’s expertise or due to specific anatomical
contingencies, the LIP technique could be more advantageous due to a lower risk of even
minimal side effects.

The current study presents some limitations. First of all, pain is a difficult parameter
to assess in an objective way. In fact, pain outcomes were self-reported, but it was a
mandatory condition to evaluate it. Then, in the literature, various knee entry sites are
described for injecting HA, but, as we said above, we chose the two most used techniques.
Therefore, further studies are needed to investigate the best injective way, including also
other techniques and different operators. We established a relatively long-term follow up
(6 months); however, it would be interesting to better understand long-term efficacy to
investigate the differences in terms of injection frequency between the two techniques in a
perspective study.

5. Conclusions

MIP and LIP techniques seem to be equally effective and safe as IA-HA injection
procedures for patients suffering from chronic pain related to KOA. Therefore, the choice
of the technique to be performed can be based on the operators’ practical experience, thus
reducing the risk of side effects.

Anatomical variations and specific risk factors, such as coagulopathies, may make the
execution of the LIP technique more suitable, just as the degree of patient satisfaction may
require switching to one approach rather than another during the same injection cycle.

Further studies are needed to deepen these aspects and to continuously refine knee infil-
tration techniques in order to increase the patients” satisfaction and compliance with therapies.
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Abstract: Large variation exists in the monitoring of clinical outcome domains in patients with
persistent spinal pain syndrome (PSPS). Furthermore, it is unclear which outcome domains are
important from the PSPS patient’s perspective. The study objectives were to identify patient-relevant
outcome domains for PSPS and to establish a PSPS outcomes framework. PubMed, CINAHL,
Cochrane, and EMBASE were searched to identify studies reporting views or preferences of PSPS
patients on outcome domains. The Arksey and O’Malley framework was followed to identify outcome
domains. An expert panel rated the domains based on the importance for PSPS patients they have
treated. A framework of relevant outcome domains was established using the selected outcome
domains by the expert panel. No studies were found for PSPS type 1. Five studies with 77 PSPS
type 2 patients were included for further analysis. Fourteen outcome domains were identified. An
expert panel, including 27 clinical experts, reached consensus on the domains pain, daily activities,
perspective of life, social participation, mobility, mood, self-reliance, and sleep. Eleven domains were
included in the PSPS type 2 outcomes framework. This framework is illustrative of a more holistic
perspective and should be used to improve the evaluation of care for PSPS type 2 patients. Further

research is needed on the prioritization of relevant outcome domains.

Keywords: persistent spinal pain syndrome; scoping review; outcome domains; patient participation;
expert panel

1. Introduction

Persistent spinal pain syndrome (PSPS) encompasses a diversity of clinical symptoms.
These include chronic or recurrent pain of spinal origin, paresthesia, numbness, stiffness,
muscle spasms, and weakness, most commonly situated in the lumbosacral region [1-4].
Spinal surgery may have occurred (PSPS type 2, formerly known as failed back surgery
syndrome (FBSS)) or not (PSPS type 1) [4]. PSPS patients commonly suffer from severe
complaints [5], impacting their ability to work [6] and diminishing their quality of life [7]. A
multitude of interventions are frequently offered to PSPS patients in primary care and dedi-
cated pain centers, ranging from conservative therapy to invasive pain treatments [8-10].

Clinical outcome domains are defined as concepts to be measured in terms of a further
specification of an aspect of health [11]. Ideally, there should be a consensus-based set of
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outcomes that can be monitored over time, reported in research trials, and in daily clinical
practice of a specific clinical area [12]. Although PSPS patients often share epidemiological,
demographic, and phenotypical characteristics, a large variation exists in the monitoring of
clinical outcome domains [13]. This is partly because of the possible refractory character of
this syndrome and the various clinical approaches and care pathways provided by different
medical specialties who are involved in the management of PSPS patients. Furthermore,
the tools used to measure the properties of these outcome domains vary largely [14-16].
These inconsistencies impede large-scale evaluations and the ability to make informed
decisions about healthcare [17].

A standardized set of outcomes that focuses on biomedical, psychosocial, and behav-
ioral domains is needed to map the health status of chronic pain patients [18]. In general,
classification models such as the International Classification of Diseases (ICD-11) and the
International Classification of Functioning, Disability and Health (ICF) aim to identify the
right patient populations and emphasize a broader view on health, where health encom-
passes more than the absence of a disease [19,20]. In addition, conversational tools such as
the Positive Health Model focus on the multidimensional exploration of patient preferences
in the clinical setting [21].

There are also initiatives that recommend multidimensional outcome domains for
(non-specific) low back pain [22,23]. However, due to the chronic and multi-dimensional
nature of PSPS, these recommendations may not be appropriate for PSPS patients [10,24].
In addition, there are recommendations on outcome domains in chronic pain trials, as
well as a consensus statement on outcome domains for PSPS type 2 patients utilizing a
multidisciplinary team approach [15,25]. However, these recommendations are treatment
related and based on the perspectives of clinical and scientific experts. Overall, it is
important that the patient’s perspective on outcome domains is more involved in these
clinical outcome sets to ensure the clinical relevance [26].

The clinical relevance of measured outcome domains is important in addressing the
healthcare needs of patients and facilitate the process of shared decision making [27-31].
Due to the chronic nature of PSPS and multidimensional limitations in daily life for PSPS
patients, it is important to consider the value of different domains from a patient’s perspec-
tive. Hence, a more multidimensional evaluation is necessary to determine which outcome
domains are deemed important from the perspective of PSPS patients. The primary objec-
tive of this study is to identify outcome domains from the perspective of patients with PSPS
(patient-relevant outcome domains). Additionally, we aim to link the identified outcome
domains to items of the ICF model.

2. Materials and Methods

This study is the first part of a research project to identify a shortlist of patient-relevant
outcome domains. The research project follows an iterative design in accordance with the
core outcome set process described in the COMET Handbook [17]. A scoping review of
the literature is performed to identify existing evidence, followed by a consensus process
with a panel of clinical and research experts to elicit views about the outcome domains. In
a subsequent study, focus groups will be held with PSPS patients to weigh and prioritize
(and possibly expand the list of) the identified outcome domains of the current publication.

In this study, a scoping literature review was performed to explore the perspectives
and preferences of PSPS patients on important outcome domains. The framework of Arksey
and O’Malley was followed [26]. This framework provides a comprehensive foundation for
scoping review methodology comprising five stages: (1) identifying the research question;
(2) identifying relevant studies; (3) study selection; (4) charting the data; and (5) collating,
summarizing, and reporting the results. The list of outcome domains was evaluated by
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(6) consulting expert panels to determine a framework of relevant outcome domains. The
study is performed and reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement for scoping reviews [32].

2.1. Identifying the Research Question

The aim of the scoping review was to identify patient-relevant outcome domains
for PSPS patients that could be used by PSPS patients to weigh and prioritize the iden-
tified domains. The following research questions were formulated: 1. Which outcome
domains are deemed relevant for the general health of PSPS patients? 2. Can the iden-
tified outcome domains be linked to the items of the ICF model and used to create a
PSPS outcome-framework.

2.2. Identifying Relevant Studies

The literature search using PubMed, CINAHL, Embase, and Cochrane Library was
performed in November 2023. The search strategy was set up with the aid of an information
specialist and consisted of keywords, subject headings, and free-text words. The search
string was built upon a combination of the patient populations (e.g., chronic pain), possible
interventions (e.g., pain management), and outcomes (e.g., patient participation). The
complete search string is shown in Supplementary Materials Section S1. Studies found
through the search results were imported and managed in Rayyan QCRI [33].

2.3. Study Selection

Studies focusing on PSPS patients encompassing a diversity of clinical symptoms were
eligible for inclusion. These include chronic or recurrent pain of spinal origin, paresthe-
sia, numbness, stiffness, muscle spasms, and weakness, most commonly situated in the
lumbosacral region and [1-4]. Spinal surgery may have occurred (PSPS type 2, including
previous diagnoses such as FBSS and post-laminectomy syndrome) or not (PSPS type 1) [4].
Furthermore, studies had to contain views or preferences of PSPS patients on outcome
domains. Both qualitative and quantitative studies were eligible for inclusion. Case reports,
animal studies, in vitro studies, biomechanical studies, simulation studies, and literature
reviews were excluded. Non-English language studies, conference abstracts, and study
protocols were excluded as well. In Table 1, an overview is presented of the selection
criteria following the participants/population, intervention, comparator and outcome
model (PICO).

Table 1. PICO for the scoping review.

Category Selection Criteria

Adult (>18 years) PSPS patients who present back and/or leg pain
Participants/population  and irrespective of whether they have undergone prior back
surgery or not. This includes study samples with an FBSS diagnosis.

Intervention Not applicable
Comparator Not applicable
Outcome Views or preferences of PSPS patients on outcome domains.

After checking for duplicates, all the studies of the initial search were screened based
on title and abstract. Included studies were checked on full text-availability. All full-
text studies were then subjugated to full-text screening. Both screening processes were
conducted separately by two reviewers (FB. and B.R.). In case of disagreements, the
reviewers discussed the study until consensus was reached.

2.4. Charting the Data and Collating, Summarizing and Reporting the Results

The following categories of information were extracted from included studies: au-
thor(s), year of publication, objective(s), study design, setting, country, study population,
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and sample size. In quantitative studies, identified outcome domains and their rationale
were charted and compiled into a list. Qualitative studies were analyzed through theoretical
thematic analysis [34,35]. The first step was familiarization of the collected data. Secondly,
all key themes were identified in order to further develop the framework. Thirdly, data
were indexed in textual form by coding the relevant information from the studies. Fourthly,
data were linked to the relevant part of the thematic framework in concordance with the
ICF rules [19,36,37]. Outcome domains recurring in multiple studies were considered as
patient-relevant outcome domains and included for further evaluation by the expert panels
in order to establish a PSPS outcomes framework.

2.5. Expert Panel Consultation

The list of outcome domains linked to the ICF models was presented to an expert panel.
The expert panel consultation consisted of a two-round online questionnaire, followed by
a consensus meeting. The experts were medical specialists experienced in treating PSPS
patients and were recruited from the Orthopedics and Chronic Pain departments of the Sint
Maartenskliniek Nijmegen and Radboud University Medical Center Nijmegen. The expert
panel was asked to complete a questionnaire in which they were asked to rate the domains
based on the importance for PSPS patients they have treated. In the first round, experts were
asked to rate each outcome domain using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) scale, a nine-point scale that is commonly divided
into three categories for Core Outcome Set projects: not important (1-3), important but not
critical (4-6), and critically important (7-9) [38]. A free-text option was also included to
add comments or suggestions for additional outcomes. After the first round, the results of
the first round were discussed in a consensus meeting by participating experts. Descriptive
statistics (e.g., median and interquartile range (IQR)) were used to analyze the results of
both rounds.

In the first round, 18 experts from the chronic pain department (chronic pain expert
panel) and nine experts from the orthopedic department (orthopedic expert panel) par-
ticipated. In total, 11 experts from the chronic pain department also participated in the
second round. The chronic pain expert panel consisted of seven anesthesiologists, six
neurosurgeons, and five nursing specialists, whereas the orthopedic panel consisted of four
orthopedic spinal surgeons, four general orthopedists, and one spine orthopedist.

Defining consensus for inclusion of an outcome in the shortlist was based on the
systematic review on consensus in Delphi studies by Diamond et al. (2014) [39]. Consensus
was defined a priori as >75% of the participants in all stakeholder groups rating the
outcome as critically important (GRADE score = 7-9) [39]. Consensus for exclusion of an
outcome from the shortlist was defined as 50% or less of respondents in all stakeholder
groups rating the outcome as critically important [40]. Added suggestions were reviewed by
the research team and, if appropriate, included as an outcome domain in the second round.

Prior to the second round, an overview of the included and excluded domains from
the first round was shown and discussed with the experts. The experts were asked to give
a new GRADE rating. Inclusion/exclusion of outcome domains was based on the afore-
mentioned consensus measures. After the second round, outcome domains that did not
meet either measure were assessed by the research team. A framework of relevant outcome
domains was established using the ICF model, in which the outcome domains selected
by the two rounds of experts were linked to items of the ICF classification [19,36,37]. The
outcome domains were linked to the most precise ICF level of classification (or category).
The ICF categories ‘other specified” and ‘unspecified” were avoided in the linking process.
The main researcher (FB) performed the initial linking process, which was discussed the
main research team (JW, MH, JV, and KV) in order to reach consensus for the final linkage
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decisions. Outcome domains that could not be classified in the ICF were labeled as “not
covered”, and those that were not precise enough were labeled as “not definable”, apart
from outcome domains that were considered as personal factors.

3. Results
3.1. Study Selection

The databases yielded 3405 potentially relevant published studies, of which 2398 studies
remained after the duplication check. After screening the titles and abstracts, 18 studies
remained. During the full-text availability check, 4 studies could not be retrieved. Of the
14 studies that underwent a full-text screening, 9 were excluded due to wrong populations
(e.g., non-specific low-back pain, spinal cord injury, fibromyalgia, diabetes, etc.) and/or
absence of reported patient perspectives on outcome domains [41-49]. A final number of
5 studies were included for further analysis. The screening process is shown in the study
flow diagram (Figure 1).

)
Records identified from:
5 Databases (n = 3405)
3 Records removed before
2 PubMed: (n=1037) »| screening:
£ Embase: (n=1130) Duplicate records removed
3 CINAHL: (n=749) (n =1007)
= Cochrane library: (n=488)
Snowballing method: (n=1)
e L
") l
Records screened Records excluded
(n =2398) (n =2380)
=]
g Reports sought for retrieval Reports not retrieved
2 (n=18) (n=4)
2
’ !
Reports assessed for eligibility _
(n=14) >
Reports excluded (n=9):
no outcome domains (n=2)
wrong population (n=7)
T
()
= Studies included in review
© (n=5)
=
e

Figure 1. PRISMA flowchart of the study selection and eligibility process.

3.2. Study Characteristics

Included studies were conducted in four different European countries. All studies
were qualitative single-center studies conducted in a hospital setting. Sample sizes in the
studies ranged from 12 to 20 participants, with 77 participants in total. All the included
study populations are classified as PSPS type 2. Specifically, four of the included studies
focused on spinal cord stimulation (SCS) in PSPS type 2 patients either treated with SCS or
being considered candidates for SCS treatment. Three studies reported to have no conflicts
of interest, and one study lacked a report on conflicts of interest. One study was funded
by a medical company, while another study was supported by a medical company. An
overview of the characteristics is shown in Table 2.
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Table 2. Study characteristics of the included studies.

C e . Country Study Sample Conflict of Interest &
Author (Year) Objective(s) Design (Setting) Population Size Funding
To describe within the No conflicts of
cqntex:f of the{ ICF, ) Sweden CLBP patients ) interest statement.
patients” experiences (Semi- o This study was funded by a
Abbot et al. . (Hospital: post .
post-lumber fusion structured) . . 20 research grant obtained
(2011) [50] . . . Orthopedic lumbar-fusion
regarding back problems,  interview study department) (PSPS type 2) from the Health Care
recovery, and expectations P YP Sciences Postgraduate
of rehabilitation. School, Karolinska Institute.
Explore if applying goal
setting, as a form of (Semi- Belgium SCS candidates Authors have no conflicts of
Goudmanetal.  patient empowerment, in structured) (Hospital: with FBSS or 15 interest to declare.
(2020) [51] potential candidates for inter:iew stud Neurosurgery FNSS (PSPS Study was supported
SCS may further improve y department) type 2) by Medtronic.
the outcome of SCS.
To explore perspectives on
personal health and
qgallty of life mn FBSS. (Semi- Nethgrla}nd§ SCS candidates No competing interests.
Hamm-Faber patients concerning their (Hospital: Pain . ‘
. X structured) L with FBSS 17 Study received no
etal. (2020) [52] physical, psychological . . d medicine SPS | fundi
and spiritual well-being interview study department) (PSPS type 2) external funding.
prior to receiving an
SCS system.
Dr. Cormac G Ryan and
Professor Denis J. Martin are
named inventors on a
patent application for a
] ] United ) novel dev1c'e th'at'deh'vers
Ryan et al To explore the experience (Semi- Kingdom SCS patients sensory discrimination
(2}619) [53]' of SCS for patients structured) (Hospital: with FBSS 12 training. The device could
with FBSS. interview study Pain c]iinic.) (PSPS type 2) be used in the treatment of
people with chronic pain.
The remaining authors have
no conflicts of interest
to declare.
Funded by Medtronic.
To qualitatively and
Witkametal,  FOSS patienty ixpenences  divenmivedt | (Howpial, SCS paients The authors reported no
’ - L with FBSS 13 conflict of interest.
(2021) [54] with SCS and the effects method Anaesthesiology (PSPS type 2) No financial support
of SCS on low back pain analysis department) yp pport.
caused by FBSS.

CLBP: chronic low back pain

3.3. Patient-Relevant Outcome Domains

Based on the data chart, fourteen patient-relevant outcome domains were identified.
The outcome domains pain and mobility were identified in all the included studies, whereas
pain medication, daily activities, work, social participation, leisure activities, and mood
were identified in four studies. In three studies, the outcome domains coping strategy, sleep,
and energy were reported. The outcome domains of acceptance, perspective of life, and
self-reliance were noted twice in the included studies. An overview of the characteristics is
shown in Table 3. Thirteen outcome domains were identified in only a single study and
therefore not included. A qualitative overview of the identified outcome domains can be
seen in Supplementary Materials Section S2.
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Table 3. Included outcome domains.

Abbot Goudman Hamm- Ryan etal. Witkam
etal. et al. (2020) Faber et al. 2019) [53] (2021)
(2011) [50] [51] (2020) [52] [54]
1. Pain X X X X X
2. Mobility X X X X X
3. Work X X X X
4. Social participation X X X X
5. Mood X X X X
6. Pain medication use X X X
7. Daily activities X X X X
8. Leisure activities/hobbies X X X X
9.  Coping strategy X X X
10.  Energy X X X
11.  Sleep X X X
12.  Acceptance X X
13.  Perspective of life X X
14.  Self-reliance X X

Xindicates that the outcome domain is described in the specific study.

3.4. Expert Panel Consultation

3.4.1. First Consensus Round

After the first round, the following domains reached consensus for inclusion: pain,
sleep, daily activities, perspective of life, social participation, mood, and self-reliance.
The domains coping strategy, work, and acceptance were excluded from the framework.
While discussing the results of the first round, the participating experts noted that coping
strategy and acceptance were relevant domains for patients, but only at a later stage in
their care journey. In addition, work was considered less relevant due to the relatively large
proportion of PSPS patients who are retired or about to retire or are on long-term disability.

A complete overview of the results from the first round is shown in Table 4.

Table 4. GRADE results from the first round of expert panels.

Outcome Domain Score 7-9 Score 4-6 Score 1-3 Median Consensus *
(n Panelists) (n Panelists) (n Panelists) (IQR) *
Pain 26 0 1 8(8-9) >75%
Coping Strategy 8 18 1 6 (5-7) <50%
Pain Medication Use 19 8 0 7 (6-8) 50-75%
Sleep 21 6 0 8 (7-8) >75%
Daily Activities 22 5 0 8(7-8) >75%
Mobility 20 7 0 7 (6.5-8) 50-75%
Work 11 16 0 6 (5-7) <50%
Acceptance 10 13 4 6 (4.5-7) <50%
Perspective of life 23 4 0 7 (7-8) >75%
Social participation 24 3 0 7 (7-8) >75%
Mood 21 6 0 7 (7-8) >75%
Self-Reliance 21 6 0 7 (6-8) >75%
Leisure Activities 19 8 0 7 (7-8) 50-75%
Energy 16 10 1 7 (6-8) 50-75%

* IQR interquartile range; #. <50% = excluded, 50-75% = subject to further discussion, >75% = included.
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3.4.2. Second Consensus Round

The outcomes suggested by panelists secondary gain and external perception were
included in the second round. However, both were subsequently excluded. A complete
overview of suggested outcomes is shown in Supplementary Materials Section S3. The
outcome domain mobility was included based on consensus. An overview of the results
from the second round is shown in Table 5.

Table 5. GRADE results from the second round of expert panels.

Outcome Domain Score 7._9 Score 4._6 Score 1._3 Median Consensus #
(n Panelists) (n Panelists) (n Panelists) (IQR) *
Pain Medication Use 6 5 0 7 (6-7.5) 50-75%
Mobility 10 1 0 7 (7-8) >75%
Leisure Activities 8 3 0 7 (6.5-7.5) 50-75%
Energy 7 4 0 7 (6-7) 50-75%
External Perception 4 6 1 6 (5-7) <50%
Secondary gain 1 5 5 4(2.5-5) <50%

*IQR interquartile range; #. <50% = excluded, 50-75% = subject to further discussion, >75% = included.

The remaining outcome domains (pain medication use, leisure activities and energy)
were included in the final framework after a discussion among the research team, alongside
the previously included domains from the first round. A complete overview of the results
of the second round is shown in Table 5. The final framework, the PSPS type 2 outcomes
framework, was determined by linking the included outcome domains to items of the ICF
model (Figure 2).

Persistent Spinal Pain
Syndrome (type 2)

: |

Body Functions & Structures
» Energy and drive functions Activity Participation
(b130) » Carrying out daily routine » Informal social relationships
» Sleep function (b134) (d230) (d750)
» Emotional functions (b152)) » Mobility (d4) « Recreationand leisure (d920)
« Sensation of pain (b280)
1 |

| |

Personal factors
+ Pain medication use
+ Perspective of life
+ Self-reliance

Enviromental factors

Figure 2. The PSPS type 2 outcomes framework of patient-relevant outcome domains for PSPS type 2
with ICF classifications.

4. Discussion

With this scoping review, we aimed to identify relevant outcome domains for PSPS
from the patient perspective (patient-relevant outcome domains). Five studies (77 patients)
were included in this scoping review. Out of these studies, 14 patient-relevant outcome
domains were identified. In two expert panel rounds, consisting of 27 experts, the outcome
domains were rated on their importance until consensus was reached. The following
11 outcome domains reached consensus and were included in the PSPS type 2 outcomes
framework and based on the ICF classification: pain, daily activities, perspective of life,
social participation, sleep, mobility, mood, pain medication, leisure activities, energy, and
self-reliance (Figure 2).
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4.1. Comparison with Other Studies

The identified outcome domains in the PSPS type 2 outcomes framework comprise an
expansive set, illustrative of a holistic perspective on PSPS. Several outcome sets for chronic
(low back) pain exist. For example, the International Consortium for Health Outcomes
Measurement (ICHOM) has developed a set of Patient-Centered Outcome Measures for
Low Back Pain [22]. Additionally, the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials IMMPACT) recommends a core set of outcome measures in
chronic pain trails [14]. Comparing the ICHOM-LBP set with our framework, a notable
difference is the more generalized nature of the domains (such as health-related quality of
life and disability). Furthermore, the ICHOM set contains work status, while this outcome
domain is excluded from the framework in the expert panels. This might be related to the
relatively high percentage of retirees and work-related disability among patients with PSPS,
which was mentioned in the expert panels [55].

In contrast to our developed outcomes framework, the IMMPACT core outcome
set contains some intervention-related aspects, such as adverse events and treatment
satisfaction. In addition to pain intensity, IMMPACT recommends emotional functioning
as an outcome domain, which includes both depression and mood in general. Although
patients in Goudman et al., (2020) specifically mention avoiding depression, it is not
discussed in the other included studies of our scoping review [51]. This may be due to a
relative lack of focus on the clinical diagnosis of depression in chronic pain patients, where
more attention is paid to the impact of the complaints on their lives, such as mood and
perspective of life.

Furthermore, both the recommended outcome sets of ICHOM and IMMPACT are
linked to PROMs. Some PROMs, such as the Short-Form Health Survey (SF-36), have a
broad and generalized character, in which multiple outcome domains are queried. How-
ever, this makes is difficult to monitor specific outcome domains, such as sleep. Moreover,
ICHOM and IMMPACT recommend different PROMs for similar outcome domains, apart
from the NPRS for pain. In this scoping review, we did not consider measurement instru-
ments, such as PROMs. It is unclear which measurement instruments (e.g., PROMs) are
adequate, in terms of measurement properties to coherently capture the identified patient
perspectives and values. International consensus is needed on core outcome domains and
corresponding outcome measures for chronic low back pain and specifically for PSPS.

4.2. Strengths and Limitations

To our knowledge, this is the first literature review focusing on the PSPS patient
perspective on outcome domains. The qualitative nature of the included studies is of
great added value by providing insight into the values, beliefs, and experiences of PSPS
patients. It resulted in a multidimensional and clinically relevant set of outcome domains.
Furthermore, the additional expert panels contributed to the existing data from the review.
The experts were able to draw on their extensive experiences with a large group of PSPS
patients. By including different types of healthcare disciplines involved in the diagnostic
process and care for PSPS patients, we ensured the expertise on the needs of PSPS patients
in different phases of their hospital care journey.

Another strength of this study is that the domains in the PSPS type 2 outcomes
framework are linked to items of the ICF model. By linking the framework to the ICF, the
framework consists of uniform and internationally accepted definitions. The framework
is therefore very useful in various clinical settings, as well as future research, e.g., into
adequate measuring instruments.

This review also has some limitations. First, a small number of relevant studies from
Northern and Western Europe were included. The lack of relevant studies in the literature
might be due to the specific inclusion criteria for PSPS patients, as well as the criteria for
outcome domains. The relative cultural homogeneity might be of limiting influence, in
particular when related to the personal factors in the PSPS type 2 framework. Second, the
included studies consisted of relatively small sample sizes. This might be related to the
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qualitative nature of the included studies. Nonetheless, our goal is to follow up our research
with a focus group study to expand and deepen the available data on this topic through an
emphasis on prioritization of the relevant outcome domains. Third, the generalizability
of the results seems limited due to the absence of type 1 PSPS patients. This could be
explained by a recent change in terminology. While the term failed back surgery syndrome
(FBSS) can be converted to PSPS type 2, it is unclear which patients can be classified as PSPS
type 1. It is questionable whether the views on outcome domains of type 1 PSPS patients
differ since the distinction between the two groups is based on a difference in (surgical)
history rather than a difference in symptoms [56]. However, the outcome assessment of
type 1 and type 2 PSPS patients will likely differ as a result of different treatment options,
such as SCS.

Finally, the majority of included studies was skewed towards either PSPS patients
treated with SCS or SCS candidates. In general, SCS has been the most frequently studied
treatment method for type 2 PSPS patients [8,13]. However, PSPS patients treated with
SCS might not be reflective of the general PSPS population. More research is needed on
relevant outcome domains for PSPS patients who benefit from non-invasive and minimally
invasive treatments.

4.3. Implications

The PSPS type 2 outcomes framework (Figure 2) shows a detailed and multidimen-
sional set of relevant outcome domains for PSPS patients. It should be taken into account
that the excluded domains acceptance, work, and coping strategy may also be relevant
for subgroups within the PSPS population. This partly depends on the phase of the care
process in which the patient is. When evaluating care, it is important that there is also room
for the personal needs and goals of the patients [57].

A possible way to evaluate the multidimensional and personal picture in a clinical
setting is through the Positive Health Model [21]. Although this model is used as a
conversation tool for exploring patient-relevant outcome domains, one can use it to combine
the complexity associated with chronic pain with setting patient-centered goals. This can
also support the process of shared decision making. It should also be considered that
patients themselves usually do not know in advance what to expect regarding the effect of a
treatment. Therefore, it is necessary to systematically compare PROMs and patient-reported
experience measures (PREMs). The expectations of the care provider about the possible
effect of a treatment should also be mentioned and explored.

In summary, we recommend using the PSPS type 2 outcomes framework with patient
-relevant outcome domains (Figure 2) to improve the evaluation of care for PSPS patients
by evaluating healthcare multidimensionally and placing a relatively smaller focus on pain.
This also applies to insurance companies and healthcare institutions that want to have
high impact clinical evaluation tools to observe real, stable, and relevant long-term clinical
outcomes. The framework is complementary to initiatives such as the holistic treatment
response for SCS [58]. These evaluation techniques would be further substantiated with
clinical outcome domains prioritized by PSPS patients.

5. Conclusions

With our scoping review and expert panels, we have identified the following
11 patient-relevant outcome domains for PSPS type 2: (1) pain, (2) sleep, (3) daily ac-
tivities, (4) mobility, (5) energy, (6) mood, (7) perspective of life, (8) social participation,
(9) self-reliance, (10) leisure activities, and (11) pain medication use. The outcome domains
comprise an expansive set illustrative of a more holistic approach to PSPS type 2. An
absence of the literature regarding the perspective of PSPS type 1 patients limited further
analysis. The PSPS type 2 outcomes framework with ICF-linked domains should be used
to improve the evaluation of care for PSPS type 2 patients by evaluating healthcare mul-
tidimensionally. Further research is needed on the prioritization of the relevant outcome
domains for PSPS patients.
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Abstract: Background: The investigation of C-fiber-evoked ultralow-level responses (ULEPs) at
somatic sites is difficult in clinical practice but may be useful in patients with small fiber neuropathy.
Aim: The aim of the study was to investigate changes in LEPs and ULEPs in patients with fibromyalgia
affected or not by abnormal intraepidermal innervation. Methods: We recorded LEPs and ULEPs
of the hand, thigh and foot in 13 FM patients with a normal skin biopsy (NFM), 13 patients with a
reduced intraepidermal nerve fiber density (IENFD) (AFM) and 13 age-matched controls. We used a
YAP laser, changing the energy and spot size at the pain threshold for LEPs and at the heat threshold
for ULEPs. Results: ULEPs occurred at a small number of sites in both the NFM and AFM groups
compared to control subjects. The absence of ULEPs during foot stimulation was characteristic of
AFM patients. The amplitude of LEPs and ULEPs was reduced in patients with AFM at the three
stimulation sites, and a slight reduction was also observed in the NFM group. Conclusions: The
present preliminary results confirmed the reliability of LEPs in detecting small fiber impairments. The
complete absence of ULEPs in the upper and lower limbs, including the distal areas, could confirm
the results of LEPs in patients with small fiber impairments. Further prospective studies in larger
case series could confirm the present findings on the sensitivity of LEP amplitude and ULEP imaging
in detecting small fiber impairments and the development of IENFD in FM patients.

Keywords: fibromyalgia; laser-evoked potentials; skin biopsy; small fiber neuropathy

1. Introduction

An examination of the nociceptive pathways is of crucial importance in patients with
chronic pain. Laser-evoked potentials (LEPs) are a reliable tool to analyze the involvement
of Ab fibers in neuropathic pain and small fiber pathology [1], using a skin biopsy to
confirm the reduction in the intraepidermal nerve fiber density (IENFD) [2]. However, the
neurophysiological assessment of C-fibers is quite difficult, as the slow conduction velocity
and low amplitude of evoked responses may reduce the reliability of ULEPs outside the
facial area [3]. Moreover, the coactivation of A fibers masks the slower C-related response,
as the general principle of cortical functioning is “first come, first served”. However, the
use of stimulation methods capable of selectively activating C receptors could allow the
detection of a late cortical response that is generally distinct from the Ad potential [4]. In
a recent article, we used a YAP laser with a thermal, non-painful intensity and a large
spot, and observed an ultralate cortical response on the hand and leg in the majority of
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healthy volunteers [4]. Solid-state laser radiation has deeper penetration within the dermis,
reducing superficial burns, with an advantage for clinical use [5].

The impairment of the small afferent fibers is often associated with fibromyalgia
(FM) [6]. Recently, experienced neurologists in the field of pain have proposed the diag-
nostic evaluation of small fiber involvement in FM [1]. To determine the presence of small
fiber impairment, it is recommended to use at least two of the following methods: heart
rate variability, sympathetic skin response, Ad-related evoked responses (LEPs), corneal
confocal microscopy and skin biopsy [1].

The results of the skin biopsy are primarily based on the involvement of C-fibers. The
use of laser-evoked potentials was recommended in patients with small fiber impairment [5],
while the same authors stated that a single method does not completely describe the status
of small afferents, so a more specific assessment of C fibers together with A delta fibers
could be useful in patients with FM.

Neurophysiological studies with microneurography assessed the dysfunction of C
fibers in patients with FM, which correlated with the severity of the disease [7,8]. Also,
quantitative sensory testing confirmed the abnormal C-related thermal and painful sen-
sibilities [6]. Based on previous observations, we considered conducting a pilot study to
assess the function of Ad and C fibers with the Nd:YAP laser in subgroups of fibromyalgia
patients with varying degrees of cutaneous innervation in skin biopsy compared to a group
of healthy subjects. The aim was to find a reliable neurophysiological signature of small
fiber impairment in fibromyalgia patients.

2. Materials and Methods
2.1. Subjects

Twenty-six participants among those who had received a diagnosis of FM according
to the 2016 criteria [9] agreed to undergo standard LEP and skin biopsy examination with
recording of ULEPs. Two subgroups of patients were considered: fibromyalgia patients a
with normal skin biopsy (FMN) and fibromyalgia patients with an altered biopsy (FMA).
In addition, 13 age-matched healthy volunteers (4 men and 13 women) were included as a
control group.

The study was conducted according to the rules of the Declaration of Helsinki of 1975
(https:/ /www.wma.net/what-we-do/medical-ethics /declaration-of-helsinki/), revised in
2013. The study on skin biopsies and laser-evoked potentials was originally approved by
the ethics committee of the General Hospital of Bari Policlinico in 2012. The continuation
of the study was approved on December 2022. All study participants gave their informed
consent, specifically reporting the possible occurrence of transitory superficial skin lesions.

2.2. Skin Biopsy

The laboratory procedure we used is described in the work of Devigili et al. [2] and in
our earlier studies [10,11] (Appendix A).

The fibromyalgia patients were divided into two groups based on the results of the skin
biopsy performed at two sites on the proximal and distal thigh: normal pattern (N = normal)
and neuropathic pattern (A = abnormal). The groups proved to be homogeneous; each
group consisted of 13 people. In the AFM group, 12 patients had non-length-dependent
neuropathy and 1 patient had length-dependent neuropathy.

2.3. Laser Stimulation

For this study, we used the STIMUL 1340 system from Electronic Engineering® (EL.En.
S.p.A., Florence, Italy). It was equipped with two laser sources: a neodymium:yttrium
aluminum perovskite laser (Nd:YAP), which emits an infrared beam, and a coaxial diode
laser source, which emits a visible red beam. The stimulation procedure was similar
to a previous study performed in our laboratory [4]. In this case, only the right side
was stimulated to increase compliance for this type of procedure, which is known for its
relatively long duration (approximately 100 min in total) and discomfort.
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The parameters were set to activate the small myelinated afferents (Ad) or the non-
myelinated afferents (C).
The details of the stimulation method are described in Appendix B.

2.4. Recording

The recording methods were already described [4]. In brief, the EEG was recorded
with 62 Ag-AgCl electrodes placed on the scalp with a prewired cap, according to the
international 10-20 system. One electrode on the bridge of the nose served as a reference.
The ground electrode was placed on the right forearm. Two electrodes placed on the
upper left and lower right side of both eyes monitored eye movements and blinking. The
impedance was kept below 5 kQ).

2.5. LEP Analysis

To process the LEP data, we used the MATLAB platform and the toolboxes EEGLAB
14_1_1 and LetsWave version 7. First, we performed epoch splitting and baseline correction
in the time domain (—0.1-2 s). An automatic exclusion method was set for eye movements
based on EOG channels and for signals exceeding 100 uV. We applied the filters with a
bandpass at 1 Hz-30 Hz; a notch filter removed the power line noise artifacts at 50 Hz
(low: 48, high: 52). We visually inspected and removed bad channels and then interpo-
lated with the neighboring electrodes. At this point, we evaluated the average of at least
21 artifact-free trials for individual responses at each stimulation site.

The latencies of LEPs N2-P2 and the ULEPs positivity wave were measured consider-
ing the maximum peak on the Cz channel.

We visually identified the main peaks in the C-related potentials. Not all patients
showed C-related potentials. In cases in which an average positive response occurred at the
vertex that clearly stood out from the signal noise, we determined the maximum positivity
(ULEP P) considering the interval 700-2000 msec. In the present study, we did not consider
those potentials that could be caused by the coactivation of Ad fibers [4]. Therefore, the
latencies of the ULEP P were measured at the maximum peak in the given interval for each
subject on the Cz channel.

The amplitudes of LEPs N2-P2 and the ULEP positivity wave were evaluated on the
62 channels, considering the maximum peaks at the given intervals.

2.6. Clinical Evaluation

We tested the patients with the following scales: visual analogue scale (VAS) [12],
Zung SDS and SAS [13,14], fibromyalgia-induced disability questionnaire (FIQ) [15], multi-
dimensional assessment of fatigue (MAF) [16] and brief pain inventory (BPI) with subscales
for pain severity and interference [17].

Statistical Procedure

The latencies of the Ad-related N2-P2 complex and C-related ultralate positivity, as
well as pain and heat thresholds were compared between the 3 groups using one-sided
ANOVA with a post hoc Bonferroni test.

In addition, a chi-square test for independence between groups was performed to test
for the presence of LEPs and ULEPs at the different stimulation sites.

The amplitude of the C-related ultralate potential and the Ad-related components of
N2 and P2 were compared between groups using the statistical package in the LetsWave
vers. 7 tool. For the comparison between the controls and the AFM and FMN groups,
the unpaired t-test with cluster-based permutation was applied at a threshold of 0.05 and
2000 permutations.
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3. Results

We analyzed LEPs and ULEPs from 26 FM patients, 13 with a normal IENFD (NFM)
(2 males aged 46.54 + 16.4), 13 with an abnormal skin biopsy (AFM) (2 males aged
54.62 + 9.87) and 13 age-matched controls (4 males; age 46.54 + 9.6. ANOVA F 2.47
p 0.16). In all cases, local skin burning resolved within 15 days.

We noted the pain and heat thresholds and the presence of vertex reactions of a-delta
modality of the stimulation. The pain threshold for the stimulation of the A fibers was
similar in both groups. Perceived pain was increased in both FM groups compared to
controls when the knee was stimulated (Table 1; Supplementary Table S1).

Table 1. Mean, SD and SEM of pain threshold (T) expressed in Joule (J) and pain sensation with
0-10 VAS for the sites of stimulation in A fiber modality. NFM: fibromyalgia patients with normal
skin biopsy. AFM: fibromyalgia patients with abnormal skin biopsy. C: controls.

Site of Type of

Stimulation Subjects N Mean SD SE ANOVA
NEM 13 631 197 0548
HANDT (]) AFM 13 6.77 3.79 1.051 ;é:gﬁ
I 13 8.54 3.93 1.090
NFM 13 7438 15.63 4335
HAND VAS AFM 13 7954 14.88 4126 Eéfg
C 13 6646 18.81 5218
NFM 13 354 198 0.550
KNEET ()) AFM 13 531 2.84 0.788 53:?2
I 13 354 185 0514
NFM 13 8100 12.14 3.367
KNEE VAS AEM 13 8254 10.85 3.010 p}:)ﬁ; .
C 13 6438 1825 5.062
NFM 13 6.85 2.76 0.767
FOOT T () AEM 13 7.77 4,00 1.110 1; %?7767
c 13 754 3.84 1.066
NFM 1B 7662 13.29 3.686
FOOT VAS AFM 13 78.69 11.10 3.079 F %74777
C 13 7346 10.20 2.830 e

* Post hoc Bonferroni test NFM vs. C p 0.013; AFM vs. C p 0.006.

All healthy subjects showed responses after the stimulation of the Ad-fibers at the three
stimulated sites; one patient with a normal skin biopsy had no LEPs at two stimulation
sites (7.6%), 4 FM patients with abnormal skin biopsies had no LEPs at least at one site
(two at two sites and two at all sites, 30.7%); (Chi-square test 9.27 p 0.15); (Supplementary
Table S1, Figure 1a).

In FM patients, the absence of LEPs was consistent with the absence of ULEPs in the
same stimulation region.
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Figure 1. Presence of laser-evoked responses (LEPs) of a-delta fibers and laser-evoked responses
(ULEPs) of C-fibers in 13 healthy controls (C), 13 fibromyalgia patients with normal skin biopsy
(NFM) and 13 fibromyalgia patients with abnormal skin biopsy (AFM) for stimulation of the hand
(H), knee (K) and foot (F). In (a), we showed the absence of any detectable waves and in (b) the
presence of ULEPs. In (c), we showed the presence of ULEPs for foot stimulation. No patient with
AFM had ULEPs during foot stimulation.

3.1. C-Modality of Stimulation

In the C modality of stimulation, the heat threshold was similar between the knee and
foot stimulation groups, while the NFM group had a lower heat threshold. However, the
Bonferroni test was not significant (Table 2; Supplementary Table S2).

Table 2. Warm threshold (T) expressed in Joule (J) for the three sites of stimulation in the C-fiber modality.

Stixsx::flftfion gg’gjigtfs Mean Sb SE ANOVA
NEM 13 6.62 3.43 0.951
HASI)D T AFM 13 8.08 3.35 0.930 pFOi)'ZZ’ s
c 13 5.92 6.10 1693
NEM 13 5.77 3.79 1.051
KN(]]E)E T AFM 13 9.62 425 1.180 50?625555
C 13 6.00 5.64 1565
NFEM 13 11.00 2.35 0.650 :
Fog)T T AFM 13 12.46 323 0.896 p0.89
C 13 12.00 5.07 1.405 p042

* Bonferroni test not significant. NFM—FM patients with normal skin biopsy AFM—patients with reduced
intraepidermal nerve fiber density; C—controls.

In almost all cases, the late positivity was preceded by an early negative—positive com-
plex. This was probably generated by the coactivation of Aj fibers, as we had previously
observed in healthy controls (see Ammendola et al., 2023) [4]. In the present study, we
considered the late response attributable to C-fiber activation. In patients with a normal
skin biopsy, the presence of ULEPs was 84.6% in the hand, 61.5% in the knee and 76.9%
in the foot. Only five patients had ULEPs in the three stimulated sites; six patients had
the ultralate potential in two sites: one in the hand and knee, two in the knee and foot
and three in the hand and foot; two patients had ULEPs in the hand only (Supplementary
Table S2, Figure 1b).

In the patients with an abnormal skin biopsy, the presence of ULEPs was 61.5% on the
hand and 30.7% on the knee. Three patients had ULEPs on the hand and knee together, five
on the hand only and one on the knee only; four had reactions at none of the stimulation
sites (Figure 1b). The presence of ULEPs was different in the three groups (chi-square 27.4
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p 0.007; Figure 1b). None of the thirteen patients with an abnormal skin biopsy had ULEPs
at the foot level (chi-square 17.3 p < 0.0001; Figure 1c).

For the amplitude of the parietal waves, at the hand level, we found a slight reduction
in the Ad-related N2 amplitude in FMN patients compared to controls, which was restricted
to the central regions, whereas AFM patients showed a reduced N2 and P2 amplitude over
fronto-central and parietal electrodes.

The amplitude of the ULEPs was also reduced in the FMN patients, in a region
restricted to the vertex and in the parietal and frontal regions of the AFM group (Figure 2).

N2

Cvs NFM

N2 2]

0.05

Cvs AFM Cvs AFM Cvs NFM Cvs AFM

Figure 2. Left side: grand average of the N2-P2 complex from the hand in fibromyalgia with normal
skin biopsy (NFM), abnormal skin biopsy (AFM) and controls (C). The lower part of the figure
shows the statistical probability maps expressing the t-test. Right side: grand average of the ultralate
responses obtained by hand in the three groups. The statistical probability maps express the results
of the t-test applied to the ultralate positivity (f-test with cluster-based permutation was applied at a
threshold of 0.05 and 2000 permutations).

The knee stimulation in the A§ modality elicited an N2 wave with a reduced amplitude
in the centro-parietal regions in FMN patients and a diffuse reduction in N2 and P2 waves
in AFM patients compared to controls (Figure 3).

ULEPs appeared reduced in the AMF group compared to controls over the centro-
frontal leads (Figure 3), whereas there was no significant difference in amplitude in the
FMN group.
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Figure 3. Left side: grand average of the N2-P2 complex from the thigh in fibromyalgia with
normal skin biopsy (NFM), abnormal skin biopsy (AFM) and controls (C). Statistical probability
maps expressing the t-test for the N2 and P2 components are shown in the lower part of the figure.
Right side: grand average of the ultralate responses obtained by hand in the three groups. The
statistical probability maps express the results of the t-test applied to the ultralate positivity (t-test
with cluster-based permutation was applied at a threshold of 0.05 and 2000 permutations).

The foot stimulation in the Ad modality resulted in a reduced P2 amplitude in the
bilateral central leads in the AFM patients (Figure 4).

The ULEPs were absent in the AFM group and reduced in a limited zone within the
central and parietal regions in the FMN group (Figure 4).

The latencies of LEPs and ULEPs, if present, were similar in the groups (Supplementary
Table S3).

3.2. Correlation with Clinical Characteristics

The MANOVA analysis comparing the main clinical characteristics between the
FM groups approached statistical significance (F 2.95 p 0.056). Notably, disease history
was longer in the AFM group (patients with reduced IENFD had higher WPI scores
(AFM 14 + 3.2; NFM 8.2 + 2.3 years F 4.79 p 0.01)) (Supplementary Table S3).

We found a positive correlation between the amplitude of knee-evoked ULEPs and
the MAF score for fatigue (Pearson—0.71 p 0.05; linear regression test R2 2.14 t 2.81 p 0.018).
There was no relevant correlation between the IENFD values and the latencies and ampli-
tudes of the LEPs and ULEPs.
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Figure 4. Left side: grand average of the N2-P2 complex from the foot in fibromyalgia with normal
skin biopsy (NFM), abnormal skin biopsy (AFM) and controls (C). Statistical probability maps
expressing the t-test for the P2 component are shown in the lower part of the figure. Right side: grand
average of the ultralate responses obtained by hand in the three groups. The statistical probability
maps express the results of the t-test applied to the ultralate positivity (t-test with cluster-based
permutation was applied at a threshold of 0.05 and 2000 permutations).

4. Discussion

The present study followed on from a recent observation by our group on ultralate
potentials elicited with the YAP laser at low intensity and an enlarged spot in normal
controls [4]. In this study, we observed late responses in the trigeminal, upper and lower
extremities in a congruent number of healthy subjects. Although they were preceded by
an early positive-negative complex, indicating the probable coactivation of a-delta fibers
during single sets of stimulation, their latency was consistent with the activation of C-
fibers. Now, we wanted to test the same stimulation paradigm in patients with small fiber
involvement confirmed through a recent skin biopsy. To this end, we studied patients with a
clinical diagnosis of fibromyalgia who were divided into two subgroups, one with a normal
and the other with a reduced IENFD in at least one site of the lower extremities, and an
age-matched control group. We found that ULEPs were less common in FM patients than
in control subjects, and that this was particularly evident in patients with abnormal IENFD
values. At the sites where they were detectable, ULEPs were reduced in amplitude in both
FM groups, but this tendency predominated in patients with abnormal skin biopsies. The
reduction in the amplitude of ULEPs detected when the thigh was stimulated corresponded
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to a higher degree of fatigue in the entire FM sample. The following sections explained the
results in detail.

4.1. Pain and Heat Threshold

Pain threshold was similar in both FM groups compared to controls, but pain per-
ception was increased in both groups compared to controls on the thigh corresponding
to the knee trigger point. This finding reproduced what has been described in previous
studies [11,18], namely, a normal Ad-fiber pinprick threshold in FM patients, with an
enhancement in pain perception at critical points.

The heat threshold appeared to be slightly increased in FM patients with small fiber
involvement, particularly at the hand and knee. However, this did not reach statistical
significance, as the number of subjects was small and the subjective sensation of FM patients
rarely corresponded to a neuropathic profile, a phenomenon that has been described in
previous studies [18].

4.2. Presence of LEPs and ULEPs in FM Patients

While most FM patients, regardless of IENFD, had measurable LEPs on the hand
and lower limbs, ULEPs were undetectable in a consistent group of FM patients with an
abnormal skin biopsy, and even patients with a normal IENFD had a lower number of
sites where ULEPs could be reliably detected compared to controls. According to previous
studies on skin biopsies in FM patients [11,19,20], the predominant site of denervation
was the proximal part of the leg. However, no patient with an abnormal skin biopsy
showed ULEPs from the foot stimulation, probably because the generation of detectable
ULEPs from the distal part of the leg might have required a constant number of activated
C-fibers to bypass signal scattering along the afferent pathway. In this sense, a subtle C-fiber
dysfunction in FM patients could also exist at the distal site of stimulation. ULEPs from
the proximal leg stimulation site were present in a small number of patients with proximal
small fiber denervation, albeit with a reduced amplitude, as we commented below. The
complete absence of ULEPs at the somatic stimulation sites of the upper and lower limbs
could be a sign of denervation of the small fibers in patients with FM, a statement that
should be further confirmed in larger patient series.

4.3. LEP and ULEP Latencies and Amplitudes

In agreement with previous studies, we found no latency abnormalities of the cortical
complex associated with the vertex A and C in FM patients [11,19,20], as demyelination
along the spino-thalamic tract is not typical of FM. In contrast to our recent study, we found
a decrease in A5 N2. In agreement with previous studies, we found no latency abnormalities
of the cortical complex associated with vertex Ad and C in FM patients [11,19,20], as
demyelination along the spino-thalamic tract is not typical of FM. In contrast to our recent
study, we found a decrease in the Ad N2 amplitude upon the stimulation of the thigh and
hand in FM patients with a normal skin biopsy [21], while the P2 amplitude was within
normal values. In the present study, we used a statistical analysis with multiple channels,
which could highlight the amplitude differences compared to a single-channel analysis. A
visual inspection of the overall average revealed a reduced N2-P2 complex in NFM patients,
but as discussed in previous studies [4,11], there is a large variability in FM patients for
the phenomenon of reduced habituation with repeated stimulation. In this study, we
did not calculate habituation across individual trials because we included ULEPs, which
are rarely recognized as single responses [4]. In patients with an IENFD reduction, the
amplitude of ULEPs was reduced at all stimulation sites compared to controls, indicating a
dysfunction of Ab fibers. The amplitude of ULEPs, when present, was reduced in patients
with small fiber involvement, but also in patients with a normal IENFD, indicating a likely
subtle and initial dysfunction of small fibers that could develop over time. Indeed, disease
duration was shorter in patients with a normal skin biopsy than in patients with small
fiber involvement.
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4.4. Correlation with Clinical Features

In agreement with previous studies [11,18], involvement of the small fibers did not
correspond to a more severe FM phenotype. FM is a complex syndrome which does not
resemble a model of neuropathic pain but is rather an example of nociplastic pain in which
phenomena of central sensitization may predominate over the purely neuropathic aspects
of the disease. The correlation we found between the decrease in ULEP amplitude and
fatigue confirmed previous findings of a possible influence of small fiber dysfunction on
motor performance [22,23], even considering the limitation due to the small number of
patients (see comments below).

4.5. Limitation of the Study

This was a pilot study to investigate the reliability of C-related ULEPs in patients with
proven small fiber impairment. The number of patients was very small, as was the number
of age-matched controls. Some comparisons approaching statistical significance could
find confirmation in larger case series. We did not include the early N1 component as we
wanted to focus on the main vertex components in the analysis. In agreement with previous
findings [4], we observed an early vertex complex in patients and controls consistent with
the coactivation of Ad fibers also in the C modality of the stimulation, which was not
included in the analysis due to its unclear origin. However, the presence of this early
complex could reduce the reliability of somatic C-related ULEPs.

5. Conclusions

The present preliminary results may confirm the reliability of LEPs in detecting small
fiber impairment, as the Ad-related vertex complex amplitude reduction characterizes
patients with small fiber impairment and likely predicts small fiber involvement during FM
development. Although the signal-to-noise ratio of ULEPs elicited from somatic sites was
low, they were detectable at a consistent number of stimulation sites in control subjects, and
their complete absence in the upper and lower limbs, including distal sites, may underpin
the findings of LEPs in patients with small fiber impairment.

Further prospective studies in larger case series could confirm the present findings on
the sensitivity of LEP amplitude and ULEP imaging in detecting small fiber impairment
and the development of IENFD in FM patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13113078/s1, Supplementary Methods, Table S1: Pain thresh-
olds for a-delta fibers modality of stimulation in FM patients (J: joules, H: hand, K: knee and F: foot);
Table S2: Stimulation parameters of C-LEPs (J: joules, H: hand, K: knee and F: foot); Table S3: Neu-
rophysiological and clinical features in AFM and NFM patients. BPI Brain Pain Inventory. MAF;
Multidimensional Assessment of Fatigue; NRS: Numerical Rating Scale; WPI Wide Pain Index IENFD
Intraepidermal Nerve Fober Density.
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Appendix A. Skin Biopsy

The skin biopsy involved the removal of a 3 mm skin flap from the thigh 20 cm below
the anterior iliac spine and in the distal third of the leg (10 cm above the lateral malleolus
in the area of the sural nerve). The procedure was performed under local anesthesia with
an intradermal injection of lidocaine and required no sutures. The biopsy samples were
processed to obtain a quantification of the small nerve fibers. The laboratory procedure
described in the work of Devigili et al. [2] included a sample preparation phase: fixation
with 2% paraformaldehyde lysine periodate at 4 °C overnight, cryoprotection, sectioning
and finally immunostaining with the 9.5 anti-polyclonal protein product. The counting of
small nerve fibers was performed with a semi-automatic counter on three non-consecutive
central sections under a bright-field optical microscope [2]. The data obtained on the
number of small nerve fibers were compared with normative values determined in adult
subjects on the basis of gender and age groups [10].

Appendix B. Laser Stimulation

For this study, we used the STIMUL 1340 system from Electronic Engineering® (ELEn.
S.p.A., Florence, Italy). It was equipped with two laser sources: a neodymium:yttriumaluminum
perovskite laser (Nd:YAP), which emits an infrared beam, and a coaxial diode laser source,
which emits a visible red beam. The system works with a fiber optic conductor. We
performed the recordings with a high-resolution EEG headset equipped with 62 recording
electrodes (Micromed Brain Quick device, Micromed S.p.A., Treviso, Italy). The laser
stimuli were administered at three sites on the right side of the body: on the dorsum of the
hand, on the dorsum of the foot and on the proximal anterolateral segment of the lower
limb near the knee. The stimulation procedure was similar to a previous study conducted
in our laboratory [4]. In this case, only the right side was stimulated to increase compliance
for this type of procedure, which is known for its relatively long duration (approximately
100 min in total) and discomfort, especially in individuals with altered pain perception,
such as those with fibromyalgia.

The parameters were set to activate the small myelinated afferents (Ad) or the unmyeli-
nated afferents (C).

In brief, for each stimulated area and for each of the two modalities under study (Ad
and C), at least 25 consecutive stimulations were delivered with an interstimulus interval
(ISI) of at least 10 s. To avoid the phenomenon of habituation and to minimize the skin
damage caused by the laser beam, the laser beam was skillfully guided to nearby and never
identical skin areas.

The Nd:YAP stimulator could elicit the stimulation of both types of small nerve fibers by
modulating certain stimulation parameters: a higher stimulation intensity (10.19-26.74 ]/ cm?),
shorter duration (5 ms) and a small irradiated area (diameter 5 mm) to elicit the pinprick
sensation; a lower intensity (7.46-13.37 ]/ cm?), longer duration (10 ms) and a larger skin
area (diameter 10 mm) to elicit only the heat sensation. The diameter of the illuminated
area was measured with an infrared-sensitive paper and was 5 mm for A5-LEPs and 10 mm
for C-LEPs. The threshold for delivered energy was individually adjusted and increased
by 0.25 ] per step until the subject clearly felt a pure warm sensation for C-fibers, whereas
for the Ad stimulation, after the initial sensation of a general feeling of pain, we delivered
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energy until the subjects clearly felt the corresponding stinging sensation on the pain rating
scale with values between three and six.

Each subject was asked to pay attention to the two different types of sensations elicited
by the stimulator: pinprick pain for the A modality and pure heat sensations for the C
modality. During the stimulation of the C fibers, the patient was instructed to alert the
neurophysiology technician if they perceived any sensation other than warmth that may
occur during the involuntary co-stimulation of the Aj fibers, such as a stabbing or burning
pain. Although we only had the skin biopsy results from the lower limb, we decided to test
the upper limb with the YAP laser as well as the extremity, as the IENFD reduction could
also affect this area [8]. The stimulation paradigm provided for randomization between
sites and the modality of stimulation.
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G oW N

Abstract: Background: Chronic pain (CP) patients frequently feel misunderstood and experience
a lack of support. This led to the creation of support telephone lines in some countries. However,
there is no scientific data grounding their development or evaluating their performance. Almost 37%
of the Portuguese adult population suffers from CP, with great costs for patients and the healthcare
system. Methods: To determine the viability of a support line for CP in Portugal, a qualitative study
was designed, and online focus group meetings, with patients and healthcare professionals, were
conducted. Their perspectives, beliefs, and expectations were evaluated and described. Results:
This study revealed that a CP support line is a feasible project from the participants” perspective
if its interventions are limited to active listening, emotional support, and tailored suggestions.
Conclusions: It has the potential to generate a positive impact on healthcare services, while also
contributing to greater equity of access to support.

Keywords: chronic pain; helpline; focus group; qualitative research

1. Introduction

The International Association for the Study of Pain (IASP) defines pain as “an un-
pleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage”, identifying it as a leading cause of suffering and
disability in the world [1-3]. Chronic pain (CP) was recognized by the European Federation
of Pain (EFIC) as a pathology in 2001, whether isolated or accompanied by other disor-
ders [4]. It is defined as pain that persists or recurs for longer than 3 months, associated
with significant emotional distress or functional disability [2]. CP can be classified as
primary CP (without an obvious cause) or secondary CP (as a symptom of an underlying
pathology, including neuropathy, cancer, post-surgical, post-traumatic, orofacial, visceral,
and musculoskeletal pain) [2].

The prevalence of CP is as high as 20% in the European adult population, while
similar percentages can be found in the USA [5,6]. A Portuguese population-based study
revealed that almost 37% of adults suffer from CP, making it a major public health issue [7].
The consequences of CP are vast, as they are both personal, economical, and societal,
influencing absenteeism, social benefits, and early retirement costs. The annual cost of
CP in Portugal amounts to EUR 5635.26 million; however, only 1% of Portuguese pain
patients have access to specialized healthcare [8]. It has also been shown that, while patient
access to care is somewhat restricted, when someone uses health services due to their pain,
there is a propensity for overuse with no clinical gain [8]. Such findings make it pertinent
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to propose new intervention programs by bringing patients and healthcare professionals
closer, empowering those who suffer, and maximizing the effective use of the available
resources [7,8].

The creation of a CP support line (CPSL) can be one such program, making it pos-
sible to avoid some of the unjustified use of healthcare services (by providing patients
with pain-preventing tools and self-management) and tackling major issues related to CP
management, such as medication adherence (i.e., intaking the correct dosage of the right
medicine in a timely manner and for the prescribed duration). Some pain support lines are
functioning already, in countries such as Ireland, Canada, England, and Australia. Most
were created by private organizations and operated by volunteers [9-13]. Even though this
type of program seems to have a positive impact on patients with CP, with testimonies
reinforcing the importance of human presence for those suffering, there is a lack of objective
data on their effectiveness [9,14-16].

Using focus group methodology to gather an in-depth understanding of the percep-
tions and beliefs of patients with CP and healthcare professionals working in the field, we
believe it to be possible to provide a truly objective ground for creating such a service. The
focus group is characterized by a close interaction between the moderator and the group
members and interactions between the participants themselves [17-20]. This methodology
makes it possible to better understand the participants’ perceptions on the topic under
discussion and is particularly useful in the context of healthcare research, as most health-
related conditions depend on the social environment and context [18,19]. Focus groups
have been widely used to gather knowledge regarding patients” experiences with health
services and healthcare providers’ attitudes and needs [19,21].

This study aimed to describe the perspectives of both patients with CP and healthcare
professionals regarding the creation of a CPSL in Portugal. To our knowledge, this is the
first time the feasibility of a CP support line has been studied and structured within a
scientific approach. Focus groups followed a previously published protocol [22], allowing
for the development of a support line based on the reality of those living with the disease.
Gathered data will also provide insight into the potential impact of a CPSL.

2. Materials and Methods

The present study is part of a larger project titled “Creating a pain support line in
Portugal: feasibility, development and impact” and reports the results of focus groups
carried out with patients with CP and healthcare professionals working in the field. The
main objective was to evaluate the feasibility of creating such a support line, according to
the participants” perspectives, beliefs, and expectations.

2.1. Study Design and Setting

To assess patients with CP and healthcare professionals’ needs and expectations, an
exploratory and phenomenological qualitative design based on focus group interviews
was used, following the COREQ (Consolidated Criteria for Reporting Qualitative Research)
guidelines [23,24]. An approach based on focus groups was considered to be the best
option, as it allows researchers to obtain a varied array of perspectives, as close to everyday
reality as possible, while providing participants with a safe and familiar environment to
express their opinions and describe their experiences [19,21]. Due to COVID-19 pandemic
restraints and post-pandemic time constraints, focus groups were arranged in an online
setting, using the Zoom® videoconferencing platform. According to some authors, it is
recommended that online focus groups do not exceed five to six participants because a fluid
discussion is difficult to achieve [25,26]. The focus group dynamic and videoconference
characteristics and requirements were presented before the meetings to both patients and
healthcare professionals who volunteered to participate. All participants were informed
that meetings were being video recorded for later transcription and analysis, under the
Portuguese data protection laws.
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Qualitative data were obtained and analyzed with the NVivo© software, version
12, and evidence was collected regarding the feasibility of developmental aspects of a
support line.

2.2. Recruitment and Sampling

Patients registered in the For¢a3P pain association were invited to participate by e-mail,
with the help of the association’s representative. Following the same rationale, healthcare
professionals working in public health units in Portugal were also invited by e-mail. The
focus groups took place at a time conveniently arranged for most of the participants,
who had previously communicated available timeframes for scheduling. All participants
received a presentation explaining the study context and objectives and gave informed
written consent after the presentation and prior to the interviews. Participants were selected
through convenience sampling.

2.3. Participants

The inclusion criteria of participants consisted of them being 18 years old or older,
having the ability to understand and communicate in Portuguese, being able to use tech-
nologies and to log into a Zoom® call, and being a patient with CP (diagnosed at least two
years ago) or a healthcare professional working in Portuguese public healthcare units who
attend to patients with CP.

2.3.1. Healthcare Professionals

In total, twenty-one medical doctors and nurses were contacted. Twelve volunteered
to participate, one refused, and the others did not respond. They were e-mailed a short
presentation of the project and a date suitable for the majority was arranged. Written
consent was obtained prior to the meeting. Two of the volunteers were unexpectedly called
to emergency cases; therefore, meetings occurred with the participation of a total of nine
doctors and one nurse, within two meetings (1 = 4 and n = 6). Within the specifications of
qualitative research, we consider theme saturation to have been reached in these groups.

2.3.2. Patients with CP

Regarding patients with CP, seven volunteered to participate, but only six (1 = 6) were
effectively present. No further patients were recruited as theme saturation was reached.

2.4. Data Collection Procedures

The focus group meetings were held on the Zoom® platform (online videoconference)
and led by two researchers. An entirely online approach was chosen to ensure safety
and flexibility in the pandemic and post-pandemic era. The two researchers were present
30 min before the starting time to solve any technical issues. The facilitator was responsible
for hosting and moderating the discussion, by asking questions from the discussion guide
and ensuring adequate individual participation. The second moderator was responsible
for recording major quotes, non-verbal interactions, and expressions, to add context to the
recordings and aid the discussion of the transcripts later.

Questions related to the search topic were based on the literature regarding patients
with CP and healthcare professionals” experiences, as well as related to technological
potential and applications in medicine and CP [16,27-31]. The question guide used in
each focus group was discussed in previous work [22] and did not limit the scope of the
discussion; it was merely used to stimulate dialogue further.

The interview duration was one hour and forty minutes in the focus group of patients
with CP and an average of one hour and thirty minutes for healthcare professionals’ groups.
All participants opted to display their real names, and all interviews were audio and video
recorded. Everything was anonymized afterward. A total of three focus groups were
carried out: one with patients and two with healthcare professionals. Data saturation
was attained.
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2.5. Analysis

The recordings were transcribed verbatim, anonymized, and codified; they were not
returned to participants. Analysis was made according to the framework method [32,33].
Findings emerged directly from raw data, based on both inductive and deductive coding;
each technique was applied independently for the patients” and healthcare professionals’
focus groups in a systematic, sequential, and continuous way [34]. Data analysis with
QRS NVivo® versions 12 and 14 software enabled identifying and organizing codes, cat-
egories, and themes. Coding of the segments of the transcriptions was made quotation
by quotation [35]. The segments of coded text were synthesized into categories, which
were further grouped into major themes [36,37]. Thematic analysis was performed through
an iterative and reflexive process, carried out by three of the researchers, independently
of each other. Afterward, comparative analysis between focus groups was carried out to
better understand how the perspectives of patients with CP and healthcare practitioners
converged or diverged in specific topics. All data were discussed and interpreted by at
least two researchers; any disagreements were discussed with a third researcher until a
consensus was reached. Participants were not asked for feedback on the findings. All
quotes presented were transcribed from Portuguese to English and double-checked.

2.6. Data Sharing

Data retrieved from focus groups were recorded, transcribed, and completely anonymized.
It includes the complete verbatim transcriptions, which will be made available upon request.
The study protocol has been published [22]. There are no frequencies of categorical variables
to report, as our approach primarily dealt with establishing concepts rather than specific
wordings; this is because participants used different wording to convey the same concept,
feeling, and/or opinion, and hence the importance of not limiting the analysis to a frequency
determination. As stated previously, two coding methods were used (inductive and deductive),
by manual codification with NVivo® software. There was no statistical analysis, the final data
were analyzed through a comparative in-depth discussion by at least three researchers.

3. Results

In total, three focus group interviews were conducted. The majority of patients with
CP were females (83%) and the same percentage were married. Fifty percent (50%) were
unemployed and 33.3% had a university degree. Regarding the 10 healthcare professionals
(n =10): there was a nurse, an anesthesiologist, a stomatologist, a physical and rehabilitation
medicine physician, and six family medicine physicians. The experience working with
patients with CP ranged from 5 to 20 years.

After transcription, the data were coded, first inductively and then using the deductive
method to confront the results and minimize bias. Four major themes emerged in both
approaches and the three focus groups: (1) support available for patients, (2) perceived
patients’ difficulties, (3) perceived patients’ necessities, and (4) creation of a chronic pain
support line. The major theme “Perceived patients” difficulties” was discussed to a lesser
extent in the healthcare professionals’ groups. Descriptions can be found in Table 1.

Table 1. Main themes’ descriptions.

Chronic Pain Patients

Theme Description

Support available for Includes the existing support systems, their accessibility, and
patients ideas on how to ameliorate them.

Perceived patients’ Refers to the many difficulties patients with CP face, from the
difficulties diagnostic to living with the disease for years.

Perceived patients’ Includes the main perceived needs to be addressed, identified by
necessities patients with CP.
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Table 1. Cont.

Chronic Pain Patients

Creation of a chronic Includes opinions, characteristics that must be present, what must
pain support line be avoided, and foreseeable difficulties from a patient perspective

Healthcare professionals

Theme Description

Support available for Includes the existing support systems, their accessibility, and
patients ideas on how to ameliorate them.

Perceived patients’ Includes the main perceived needs to be addressed, identified by
necessities healthcare professionals during their activity.

Includes opinions, characteristics that must be present, what must
be avoided, and foreseeable difficulties from a healthcare
profession perspective.

Creation of a chronic
pain support line

As for the minor themes, some appeared only with deductive coding, reinforcing
their less significant role. These themes are related mainly to two topics: the daily liv-
ing of patients and the importance of treatment adherence on pain control. This last
theme was only discussed in the healthcare groups but its relevance for pain management
and its dependency on the doctor—patient relationship and proper communication was
vehemently reinforced.

3.1. Theme 1: Support Available for Patients

Under Theme 1, four types of support were identified: Hospital pain units; Family
physician (FP), which was much more valued by healthcare professionals than by patients;
Emergency Services, which were solely mentioned by patients (even though with a negative
outlook on their efficacy) but never mentioned by professionals; and Information available
about CP, which was considered to be insufficient by patients while healthcare professionals
regard it as adequate. All in all, perspectives slightly diverged between the two groups,
and examples of the two can be found in Table 2.

Table 2. Perspectives of patients and healthcare professionals: excerpts.

Theme 1: Support Available for Patients

1.1 Hospital pain units

“I go to my pain doctor. It’s in the hospital, we have to call or if we show up we talk to the nurse. We always end up being
attended to.”—Patient 1

“We also have a phone line for our patients (...) that turns out to be much more of a kind of psychological and emotional
support.”—Professional 2

1.2 Family physician

“That’s what's important, is that at the Pain Unit they talk to us. The FP is very different; there is not much time for talking, as the doctor is
overworked (. ..) giving the impression that he doesn’t even look at us.”—Patient 5

“(...) there is a minimal percentage of patients who are followed up in Pain Units. We dare say everyone else is followed by their
FP.”—Professional 1

1.3 Emergency services
“Going to the emergency services is a mistake because the professional who is there does not know how to assess our pain. If we have any other
disease, he does not even waste time trying to understand what kind of pain the person has.”—Patient 1

1.4 Information available about CP

“(...) because nobody talks to you about pain dedicated appointments, not in hospitals nor in primary health care centers.”—Patient 5

“I tell them to research this topic, consult this website (.. .). In our unit we have some leaflets that explain a little about pain and how to adapt to
the pain situation, how the Pain Unit works, etc.”—Professional 2
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Theme 2: Perceived patients” difficulties

2.1 Feeling misunderstood

“I used to go to the doctor, I complained of pain, but as I could not explain what I was feeling or verbalize the intensity and cause of the pain, it
ended making me feel blocked (. ..).”—Patient 3

“I think people feel misunderstood. And since it’s not a visible thing, it is a problem that exists even within the family, is it not? The husband
does not understand, the parents do not understand, nobody understands.”—Professional 2

2.2 Difficulty in asking for help

“Experiencing what I was experiencing and what I was feeling was very complicated. . . asking for help? No way (...) what I have also seen is
that people in this situation, especially in the early stages, are somewhat reluctant to seek healthcare.”—Patient 3

“I think people have difficulty. . .they think like “it’s pain, just bear it” and do not seek help (...).”—Patient 1

2.3 Misjudgment of complaints and delay of diagnosis

“From the moment the person starts to feel it and looking for health professionals because she feels constant pain, until having a diagnosis, many
years pass. First, they will investigate and discard all possibilities, until they decide we have CP because of an X or Y pathology. With all this,
around 6 years go by.”—Patient 3

2.4 Difficulty accepting the diagnosis
“Iwill give my example: before I was diagnosed and before I accepted CP I was angry, so for me a CP diagnosis was not seen with good eyes,
despite actually having pain.”—Patient 3

2.5 Gender bias
“If we are treated by male doctors, they have the idea that women are melodramatic, and very emotional, and the first thing they think of is always
depressive syndrome. Sorry but this is true.”—Patient 2

Theme 3: Perceived patients’ necessities

3.1 Emotional and psychological support

“In times of crisis and pain, we would just like to have someone we could talk to, to calm us down (...)."—Patient 2

“We also have a line for our patients (.. .) with strong psychological and emotional support, a lot of listening, giving expression to, allowing the
expression of feelings”—Professional 2

3.2 Effective communication skills
“Of course, listening is essential. The person on the other end must have an exceptional ability to listen, to respect the silences, have
communication techniques, some psychotherapy tools.”—Patient 7

3.3 Scientifically reliable information
“Dialogue is really important (.. .), and scientific information. Hence the importance of scales and pain assessment. (. ..) people must have
scientific knowledge, I have no doubt about that.”—Patient 2

3.4 Advice and coping mechanisms

“Sometimes we are so desperate and confused that the fact that a professional is asking basic and logical questions makes us open our minds and
realize “I still haven't done everything I could”. (...) I would like for the person to be an advisor and say: “Look, try this, try that, do this, apply
hot water, apply cold water. ..”, a person who would guide us.”—Patient 1

“Just listening is not enough, if we do not implement strategies with our patient and try to get him to establish other focuses of attention, make
him find other anchors in life besides his pain (...).”—Professional 1

3.5 Limitless support
“I'would have to know that there will be someone who knows how to listen and help during the entire process, without time limitations. (...) I
want to feel that the person on the other end is holding my hand and will not let go until I am ok.”—Patient 7

3.6 Opportunity for sharing common experiences
“I think that a group session/appointment would be a good option to consider. Chronic pain patients frequently state the need they have to feel
understood, sharing experiences and stories would be a great option.”—Professional 4

Theme 4: Creation of a CPSL

4.1 Support line functionality

“It is fundamental to have someone who deals with pain closely, because dealing with something is very different from learning about it and that
makes all the difference (.. .). It would be good for those on the other end of the line to have knowledge.”—Patient 3"

We have to have very well-prepared people on the other end of the line, who understands what this concept of CP is, so as not to be immediately
alarmed if the patient says he has 7 or 8 pain intensity.”—Professional 1

“Whoever is on the other end of the line has to have a very good understanding of analgesic schemes (. . .).”—Professional 2

The issue with algorithms, for me, is that they will only lead to very clinical, very medical things, and we want listening, empathy, all not so
mechanical (.. .). This [the scope of action of the line] must be extremely well-defined (. . .) we need to define it, so that there are no doubts on the
part of the patient who calls (.. .). There must be clinical safety for both patients and professionals.”—Professional 5
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4.2 Support line requirements

“The support line should act throughout the entire process. (...) Whoever is on the line must know how to direct and adapt the advice given to
the patient and his pathology.”—Patient 3

“It would be essential to be able to provide good quality information [to the patients].”—Patient 2

“(...) being able to ask for help anonymously and always respecting me as a person in pain.”—Patient 7 “Men may also want to be attended to
by men. .. we have issues of daily life and sexuality.”—Patient 6 (Male)

4.3 What to avoid in a support line
“The line could never give an authorization to do something, it should only give the correct information to the patient.”—Patient 7
“It makes sense if there is mostly active listening, coping mechanisms, not much more than that.”—Professional 2

4.4 Foreseeable difficulties

“There needs to be someone, 24/7, available to answer calls. This part of the operationalization may be difficult to plan, it is necessary to mobilize
a lot of people (.. .) and sponsorship to pay for the line. Oh, money, money!”—Patient 2

“Yes, it is important to have permanent possibility of contact, but in terms of resources it will be quite complicated.”—Patient 7

“But we have to beware, because superimposed on a well diagnosed CP can be an exacerbation of another disease, and that is a completely
different story!”—Professional 1

4.5 Support line feasibility

“Yes, I would use the line and try for the person [answering my call], in addition to the psychological support, to be my mentor (.. .).”—Patient 1
“For me the line makes sense like this [empathic listening and coping mechanisms] (.. .). I think that this line is not to solve problems, that is not
the goal here.”—Professional 2

“I often hear the nurses complaining that we have patients who call there constantly, I do not say daily, but they do call two or three times a
week.”—Professional 2

3.2. Theme 2: Perceived Patients’ Difficulties

Five categories emerged under the perceived patients’ difficulties: Feeling misun-
derstood, which was identified as a major drawback by both patients and professionals;
Difficulty in asking for help, admitted by almost all patients but unnoticed by healthcare
professionals; the majority of patients mentioned Misjudgment of complaints and delay of
diagnosis, which was also recognized by health professionals, who described patients with
CP as frequently having undergone multiple medical assessments and treatments achieving
no effective response nor adequate follow-up, which contributes to the feeling of discredit;
Difficulty accepting the diagnosis, which is seen as a source of suffering for patients, but
somewhat overlooked by professionals; and Gender bias, a common complaint among
female patients, failed to be mentioned by healthcare professionals. Examples of these
opinions are described in Table 2.

3.3. Theme 3: Perceived Patients” Necessities

Patients and healthcare professionals discussed six major necessities: Emotional and
psychological support was identified as a crucial need, mainly during pain exacerbations;
Effective communication skills, such as active listening, empathy, and avoidance of a
patronizing attitude were mentioned as essential qualities of healthcare professionals; Sci-
entifically reliable information was also identified as an important need, with all three
groups stating it should be provided by professionals and easily available for patients.
Regarding this topic, healthcare professionals highlighted the need for adequate training
and on-the-job opportunities to keep updating their knowledge; Advice and coping mech-
anisms on how to deal with pain and its exacerbations, as well as how to prevent them,
were mentioned in all groups; and Limitless support, as all participants agreed that there
is a need to have permanent access to support because pain exacerbations are impossible
to anticipate. Both patients and professionals emphasized the Opportunity for sharing
common experiences, as it seems to be a source of relief and understanding for patients.
Excerpts of these topics are listed in Table 2.
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3.4. Theme 4: Creation of a CPSL

With respect to the creation of a CPSL, five topics emerged: Support line functionality
was a recurrent topic in which participants reinforced the importance of adequate skill
training for those operating the line, such as having pharmacological knowledge and
high-level communication skills. Professionals considered the possibility of creating an
algorithm-based CPSL not to be feasible, as it would narrow the scope of the support line,
which must also be very well defined. All three groups identified various Support line
requirements: the permanent availability of support and the possibility of receiving video
calls, and the option for patients to remain anonymous. Moreover, callers should have
the opportunity to choose the sex of the operator and the advice given should not only be
evidence-based but also tailored to the individual. Participants also said that a CPSL ought
to be able to connect them to a CP Patient Association or provide them with tools to contact
fellow CP patients (which reinforces the importance of sharing common experiences).
Healthcare professionals also mentioned that professionals must have adequate training
and that the line should act as a bidirectional way of exchanging information (e.g., sharing
information with the patient’s family physician). As for What to avoid in a support line,
patients and professionals clearly stated that a CPSL must never act as a replacement for an
appointment with a doctor: diagnosing illnesses is unacceptable and the prescription of
medications must never occur. Another reiterated idea was that patients’ complaints must
never be dismissed. Foreseeable difficulties included the sizeable need of staff, which must
be adequately trained and possess the necessary knowledge, the guarantee of availability
without imposing limitations in call duration, and funding. Professionals also mentioned
the fact that the only source of information during a call would be the patient, which
would necessarily add subjectivity to the interaction and potentially impair one’s ability to
provide adequate advice. Regarding Support line feasibility, patients stated that creating
a support line is not only feasible but also desirable, to create equity among all patients.
Healthcare professionals maintained the idea that a CPSL would be useful and could
potentially contribute to lessening their burden. Examples can be found in Table 2.

Besides the main themes described so far, two other minor themes emerged. Among
professionals, Healthcare professionals’ current difficulties were discussed: the participants
mentioned having too many patients on their lists, too much administrative workload,
and the fact that they often feel overburdened, particularly from an emotional perspective;
when trying to help their patients, family doctors feel that they frequently give too much of
themselves.

“Because it is often the doctor acting as a therapeutic tool (...),I present myself full of
energy, full of positivism, full of optimism, full of ideas, that I will be able to change the
patient’s life (.. .). At the end of the day, I am a wreck!”—Professional 2

“I often feel empty. .. Completely consumed.”—Professional 1

Healthcare professionals also mentioned difficulties in accessing patients” information
regarding their chronic pain, suggesting that an integrated data platform should be created
and shared by all potential health services so that it would be possible to know the patient
history of assessments and treatments. On the same rationale, healthcare professionals
pointed out the absence of protocols or guidelines to support clinical practice regarding CP,
as well as a lack of opportunities to keep on learning and improve their skillset in relation
to the field.

“(...) It is true, the lack of health education, not only among patients but also among us,
professionals, makes it all the more difficult.”—Professional 3

Among patients, the Use of information technologies to support patients with CP was
discussed, relating to the idea of increasing healthcare access equality. Patients considered
the use of information technologies to be an inexpensive widespread means to deliver
support to more remote areas of the country.
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“(...) this line could be a way of having more equality, as it can be accessible anywhere in
the country.”—Patient 5

4. Discussion

This study describes the perspectives, needs, and difficulties that both patients with
chronic pain and healthcare professionals experience on a daily basis. It also shows that
creating a chronic pain support line for patients is considered valuable, as long as such a
line operates under well-defined guidelines.

When coding focus group data, four major themes emerged. There was no difference
in major themes when comparing patients” and healthcare professionals’ focus groups. The
fact that coding was made both inductively and deductively and that inductive coding was
applied first strengthens the validity of collected data and increases the reliability of the
findings, as bias was significantly reduced.

By analyzing the first main theme, Support available for patients, one can find inter-
esting distinctions between patients” and professionals’ perspectives of CP support. Firstly,
both groups agreed that Hospital Pain Units are the best available support system for pa-
tients with CP. This is somewhat expected, as these units have teams specialized in dealing
with CP; nevertheless, healthcare professionals highlighted that these units have very long
waiting lists. The second most mentioned support system was family physicians. Here,
opinions start to differ: healthcare professionals assume that, besides being responsible
for most Portuguese patients with CP, FPs are mostly successful in managing their pain.
This notion is corroborated by a previous study, which stated that 85% of Portuguese
patients with CP are managed by FPs [38]. However, patients with CP have less trust in
FPs’ ability to manage their pain, stating that they do not have the necessary knowledge
about CP. Patients’ perspective is more in line with what has been demonstrated in pre-
vious studies [39,40]. Their lack of trust in their FPs leads them to resort to emergency
services when experiencing pain exacerbations, even though they complain that these too
are unsatisfactory support services. This is unsurprising since emergency services are de-
signed to manage acute and at times life-threatening situations and CP patients’ needs are
very different, so much so that healthcare professionals did not even consider emergency
services to be a type of support for CP management. These findings show that patients
often have misconceptions regarding the role of emergency services, which leads to their
overuse, as the previous literature has described [16,38]. Another relevant inconsistency
between patients” and professionals’ perspectives concerns available information about CP
and its management tools: patients refer to it as insufficient and difficult to access, whereas
healthcare professionals believe the resources provided are enough. This may indicate an
important gap in communication.

The second main theme discussed, Perceived patients’ difficulties, understandably
had a greater emotional significance in the patient group. This is aligned with the Self-
Regulation Model of Leventhal: when confronted with illness, people tend to process the
information emotionally and cognitively to give it meaning and then cope with it [41]. As
everyone has a unique illness representation, it is not surprising that a lack of understanding
is perceived as a major issue, with patients revealing that they deal with other specific
struggles in their everyday life that professionals failed to mention. A frequently discussed
problem was the inhibition patients show in asking for help. This is a complex issue that
may be partially explained by cultural beliefs regarding pain [9,39,40]. Misjudgment and
dismissal of complaints, with consequent diagnosis delays, was another obstacle identified.
This seems to be more frequent among women, who highlighted that male doctors are
more prone to interpret their symptoms as secondary to psychiatric pathology [39,40]. This
finding seems to suggest that there is a gender bias in CP management. Although this bias
is not new, further studies are needed to clarify the motives behind these perceptions [40].
For different reasons, men also mentioned that it would be important to them to be able
to choose the gender of the person they interact with. In their case, the main reason for
this is that they feel there are sensitive themes they are not comfortable discussing with
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someone of the opposite sex, such as sexual dysfunction secondary to chronic pain. Finally,
patients are also assumed to experience some reluctance in accepting their diagnosis once
it is made. This may seem like a somewhat peculiar and even paradoxical notion at first,
given the fact that the same patients complained about the excessive time to diagnosis;
however, when one takes into account the fact that CP is a serious, often permanent, and
difficult to manage diagnosis, it is easier to understand their reluctance.

Regarding the third major theme, Perceived patients’ necessities, there was greater
unanimity. Both patients and healthcare professionals identified emotional and psycho-
logical support as the main necessity for those who suffer from CP. This seems to be
linked to the misunderstanding of patients’ feelings, as well as to the burden of the disease
itself [39,40,42]. Similarly, both groups mentioned the need for reliable and scientific infor-
mation, which highlights the importance of adequate counseling and coping mechanisms:
these can greatly help patients self-manage, besides aiding them in preventing their pain
from becoming worse [16,39,43]. Patients also mentioned the importance of having support
with no time limitations and good communication skills, ideas that have been widely
discussed in previous studies [43,44]. Patients and healthcare professionals also noted
the importance of being able to be in contact with people who have experienced similar
situations and hardship.

Lastly, regarding the fourth main theme, Creation of a CPSL, there was also a signifi-
cant alignment of ideas. Both groups agreed that those operating a CPSL must have proper
training and experience in CP in particular [3]. Likewise, pharmacological knowledge is
essential to help avoid mistakes and answer frequent questions. The possibility of creat-
ing contact points between patients and their peers or CP patients’ associations was also
mentioned as an interesting service for a CPSL to provide; the importance of this approach
has been discussed in previous studies [9,42,43]. Choosing the gender of the operator and
making video calls were also mentioned as very significant positives from patients’ perspec-
tives. The importance of video calls has become particularly relevant in recent years [45].
As for what to avoid, it was clear that the line must not make therapeutic interventions
and must never act as a substitute for the doctor or nurse. Healthcare professionals added
that algorithms are not reasonable in a support line that aims to support the experience
of the disease and not the disease itself, as they would render the approach mechanical
and almost exclusively directed at medical decisions, something that should be avoided,
given the aim of such a project. Its purpose should be to complement already available
support systems, with the potential to relieve the burden of the Pain Units and promote
equality in CP support access. Both patients and professionals agreed on the feasibility
of a CPSL. Professionals considered it a good system to relieve their work overload by
making emotional and psychological support easily accessible to all patients. This idea has
emerged in a previous study [16].

Despite the volume of data collected, participants rarely discussed medication adher-
ence. It was only addressed by professionals after the facilitator mentioned it. Although this
is an important factor in CP mismanagement, patients do not regard treatment adherence
as relevant; as for healthcare professionals, they considered the assessment of medication
adherence to be of major significance and openly assumed its dependency on the quality of
the communication established with the patient, as described in previous studies [8].

This study has some limitations. The most obvious and major limitation was the
sampling method; participants’ characteristics may be very similar regardless of their
number, and thus the sample may not comprehensively represent the population being
studied [34,46]. In this study, there were some societal groups that were underrepresented
in the patients’ group: people from rural areas, males, and people with less than a secondary
education. Nonetheless, the group included elements ranging from very talkative to very
quiet, as well as people with diverging opinions on several topics, which enhances sample
representativity. Regarding the study’s methodology, some aspects should be noted. Ideally,
focus group meetings would have been conducted in person. This would allow us to better
identify alternative sources of information such as participants’ body language and posture.
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However, it was necessary to opt for an entirely online approach to guarantee participants’
safety during the COVID-19 pandemic and more flexibility to enhance participation during
post-pandemic restrictions.

The dropout rate was 14.3% for patients with CP, which is a relatively low number,
compared to previous studies [47]. The higher participation rate might be explained by the
logistical characteristics of online focus groups: they are easier to attend to and scheduling
conflicts are less of a restriction [47]. Healthcare professionals’ numbers are compliant
with the numbers reported in previous focus group studies, which accounted for a 52%
dropout rate [47]. These findings confirm that a complete online approach to focus group
methodology is valid and has the potential to enable research projects that would otherwise
be impossible to undertake.

Despite these limitations, our findings provide insight into how receptive stakeholders
are to the creation of a CPSL and how comprehensively it may respond to their needs.

To the authors” knowledge, this is the first study supporting the development of a CPSL
from a scientific standpoint; the project has the potential to have a positive impact on access
equality and enhancement of quality of life for all patients with CP, while also contributing
to more efficient use of healthcare services and healthcare professionals” wellbeing.

5. Conclusions

Overall, the present study identified similar perceived needs between patients and
professionals. However, two themes marked a distinct perception among the groups:
gender bias regarding CP diagnosis and management (unidentified by healthcare profes-
sionals and not anticipated by researchers) and the need for more comprehensive health
education among the Portuguese population, in order to prevent the overuse of emergency
services associated with CP. Furthermore, bettering communication standards between
patients and healthcare professionals also emerged as being of paramount importance.
It also revealed that the creation of a CPSL is welcomed by both patients and healthcare
professionals, as long as its development is accomplished in accordance with the identified
needs and in close collaboration with all implied stakeholders. Both groups were also able
to anticipate major difficulties in attaining a 24h support line, such us staff requirements
and training needs, as well as the significance of the costs implicated in operating this type
of support system.
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Abstract: Background/Objectives: Pain is a multidimensional experience influenced by sensory,
emotional, and cognitive factors. Traditional pain assessments often fail to capture this complexity.
This study aimed to develop and validate the Pain Multidimensional Questionnaire (Pa-M-QU),
a new self-report tool designed to assess pain catastrophizing, sensitivity, and coping strategies.
Methods: Two independent samples of Italian-speaking participants, aged 18 and above, were
recruited online. The first sample (n = 392; mean age = 29.36) was used for exploratory factor
analysis (EFA), and the second sample (1 = 123; mean age = 28.0) for confirmatory factor analysis
(CFA). Pearson’s correlations and convergent validity analyses were conducted. Results: From an
initial pool of 59 items identified through focus group discussions, 35 items were removed based
on reliability analysis. The final 24-item Pa-M-QU features a three-factor structure: catastrophizing,
pain sensitivity, and coping with pain. Conclusions: The Pa-M-QU offers a rapid, non-invasive
assessment that captures the multidimensional nature of pain. It is a starting point to develop tools
for both clinical and research settings, aiding in evaluating pain in healthy individuals and predicting
acute and chronic pain disorders. Future research should focus on refining the Pa-M-QU for broader
clinical applications and exploring its potential to complement or replace traditional pain assessments,
thereby advancing pain management and research.

Keywords: pain; questionnaire; validation; pain sensitiveness; factorial structure

1. Introduction
“I focus on the pain. The only thing that’s real”. Johnny Cash

Since its foundation, the International Association for the Study of Pain (IASP) has been
faced with the challenge of establishing definitions of pain that needed simultaneously to
align with the significant advances in the scientific basis of nociception and to be pragmatic
for individuals experiencing a spectrum of pain conditions, from acute to chronic [1].
A first definition considered pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage or described in terms of such damage” [1].
However, understanding and explaining the experience of pain is a challenging endeavor,
especially when considering its verbal communication [2]. As suggested by Cohen and
colleagues, individuals experiencing pain have no direct language in which to express that
experience to themselves and others [3]. Consequently, they tend to rely on metaphorical
and comparative language. This linguistic issue also arises in clinical practice where, for
oversimplification, pain is commonly defined as a correlation between organic damage
and pain reported by the patients. This definition excludes cases where there is pain
without evident tissue damage. Pain is a more complex phenomenon than the relationship
with damage. Pain can be considered, in its nature and intensity, a critical component of
conscious experience, affecting thoughts, emotions, and overall mental state. Accordingly,
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a recent theorization considers pain as a personal distressing experience characterized by
multiple sensory, emotional, and cognitive components, which are associated with actual or
potential damage [4,5]. In this sense, the subjective experience of pain is relevant because it
highlights the existence of interindividual variability in pain perception, even in the case of
similar injuries. Furthermore, it marks the influence of biological, psychological, and social
factors on pain experience [6].

In this context, the concept of pain sensitivity became central. The substantial interindi-
vidual variability in pain sensitivity [7] has received increasing attention in recent years [8].
For example, higher sensitivity was observed in experimental models of induced pain in
individuals with chronic pain disorders (e.g., chronic tension-type headache, fibromyalgia,
temporomandibular dysfunction, and chronic low back pain), which raises the question of
whether the response to an acute nociceptive stimulation may indicate a predisposition
to develop a chronic pain disorder or if the reported pain sensitivity in an experimental
setting increases during the course of the disease [9]. The assessment of pain sensitivity and
its components is of crucial importance in the context of clinical pain conditions. Several
tools have been developed for the evaluation of these aspects in conditions beyond the
experimental setting. This aspect is relevant because a manipulated setting, such as that
of an experimental model, allows for the indirect evaluation of pain perception and sensi-
tivity, which may not fully reflect the ecological and real-life components [10]. Moreover,
sensitivity is only one aspect that should be considered. For example, negative cognition
related to the experienced pain (i.e., pain catastrophizing) as well as the ability to manage
pain would provide a more comprehensive framework for understanding pain experience,
given their close relationship to both the perception of the experience and the therapeutic
outcomes. These aspects, which have been reported in previous studies in association
with pain sensitivity, involve both cognitive and emotional variables that are interrelated.
Despite its pervasive impact on quality of life and the significant burden that it places on
healthcare systems, a standardized and reliable method for assessing pain sensitivity that
encompasses all these aspects is still lacking. This is especially true when considering the
trait dimension of pain experience rather than the state dimension that is associated with
the current and real state of pain. This gap poses a significant challenge for researchers and
clinicians, as it hampers the accurate diagnosis of pain-related conditions, the management
of chronic pain, and the evaluation of therapeutic interventions. Notable limitations [11]
were reported for current methods of pain assessment, including self-report scales like the
Visual Analog Scale (VAS) and the Numeric Rating Scale (NRS), as well as observational
tools such as the Behavioral Pain Scale (BPS). The self-reported experience of pain is sus-
ceptible to variability and potential bias in pain measurement due to individual differences
in perception and expression, as well as the physical condition of the subject during the
assessment [12]. Furthermore, these tools often fail to capture the multidimensional nature
of pain, which encompasses sensory, emotional, and cognitive components [13]. New tools
should be developed and tested to provide a consistent metric that could help in measuring
the features that may affect our response and management of pain, both acute and chronic.
This would facilitate more rigorous research into pain mechanisms and treatments [14].
This approach would not only improve patient outcomes but also facilitate advancement in
our understanding of the underlying mechanisms of pain. The development of a reliable
and valid measure of pain sensitivity requires an interdisciplinary approach [15]. The
present study aims to develop a brief self-report instrument for the preliminary assessment
of multifaceted aspects of pain, as well as for the assessment of pain experience reported
in non-current pain. Accordingly, we have devised a self-rating instrument, the Pain Mul-
tidimensional Questionnaire (Pa-M-QU), which is based on several dimensions of pain.
Following an examination of previous studies on pain and pain sensitivity assessment, we
identified three main and recurrent dimensions that comprise pain experience [2,3,5], i.e.,
(i) catastrophizing pain, which is characterized by an exaggeration and dramatization of
pain and pain consequences and management, (ii) pain sensitivity, which is define as a
trait rather than state of pain, and (iii) pain interferes and coping, which is defined as the
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aspects that may justify coping with pain and that are useful for describing the individual’s
pain experience independently by the state of pain. We selected these aspects because a
conceptual model could account for the diverse correlates and the consequences of pain
might also be useful in a complex explanatory model in the area of mental health related to
pain perception. The instrument was assessed for its reliability and validity. The Pa-M-QU
was designed with the specific intention of facilitating a more comprehensive assessment
of the multifaceted nature of pain experiences.

2. Materials and Methods
2.1. Participants

Two independent samples were recruited to conduct exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA). A first version of the questionnaire for EFA was
spread via a KoboToolbox, v. 2.023, survey to collect data from the Italian-speaking popula-
tion. Only completed surveys were included in the analyses. Participants could withdraw
from the study at any time without providing any justification. The sole criterion for
inclusion was that the participants be over the age of 18 years. A sample of 362 respondents
was included in the analyses (mean age = 29.36; SD = 12.88; female = 72%). CFA was
carried out on a sample of 123 respondents (mean age = 28.0; SD = 13.2; female = 74%) who
completed a second survey.

2.2. Measures

Demographic Questionnaire. A demographic questionnaire collected information
about age, gender, and level of education. Moreover, a survey for CFA, which included
preliminary information on the diagnosis of chronic illness and or chronic pain, pharma-
cological treatment, frequency of nociceptive pain experience, common pain type, and
physical extensivity of pain expedite, was collected (see Table 1).

Table 1. Results of EFA and Factor Loading for each item of the scales. Each item is presented in
English, with the original Italian version provided in parentheses.

Catastrophizing of Pain

Pain Sensitivity Pain Interferes and Coping

KMO =0.80
Bartlett X2 = 322; p < 0.0001
Cronbach’s alpha = 0.70

KMO =0.83
Bartlett X = 408; p < 0.0001
Cronbach’s alpha = 0.72

KMO = 0.83
Bartlett X = 532; p < 0.0001
Cronbach’s alpha = 0. 77

Factor Factor Factor
Loading Loading Loading
1. When I experience even
minimal pain, it prevents me from
performing normal activities of
. . 1. People close to me often tell me daily living (e.g., dou?g
1. I can tolerate physical pain that T am too sensitive to pain household chores, going to work,
with relative ease. e topam. studying, etc.).
.. N 0.48 (Le persone a me vicine spesso mi 0.34 0.37
(11 dolore fisico per me & A . (Quando provo dolore, anche
. ) dicono che sono troppo sensibile L. A ) .

facilmente sopportabile) al dolore) minimo, questo mi impedisce di
svolgere le normali attivita di vita
quotidiana (ad es. svolgere le
attivita casalinghe, andare al
lavoro, studiare, ecc.)

(22;/Lmzdsll?titye;p(;?)}iiii:ccﬂﬁe 2. I think I would be able to have

hysician tgr upt al ription a minor medical procedure (such 2. When I feel physical pain, I am
?orysa; m:diigﬁzi prescriptio as a few stitches) without worry. forced to stay in bed all day.
P . 0.47 (Penso che riuscirei a sottopormi a 0.57 (Quando inizio a percepire un 0.59

(Appena inizio ad avvertire anche
un minimo dolore, contatto subito il
medico affinché possa prescrivermi
dei farmaci antidolorifici.)

una piccola operazione (per es.
pochi punti di sutura) senza
nessuna preoccupazione.

dolore fisico, sono costretto a stare
a letto per tutta la giornata.)
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Table 1. Cont.

Catastrophizing of Pain

Pain Sensitivity Pain Interferes and Coping

KMO =0.80
Bartlett X2 = 322; p < 0.0001
Cronbach'’s alpha = 0.70

KMO = 0.83
Bartlett X2 = 408; p < 0.0001
Cronbach’s alpha = 0.72

KMO = 0.83
Bartlett X? = 532; p < 0.0001
Cronbach’s alpha = 0. 77

Factor Factor Factor
Loading Loading Loading
. 3. When I have pain, my focus is
:tshwl;h eg ! f:e.etl pﬁ“&’ I:m forced to 3. It is very easy for me to feel pain. on the pain.
inx about itatl the fime. 0.40 E molto facile per me sentire 0.33 (Quando provo dolore non riesco 0.55
( p p
(Quando provo dolore non riesco . X
: . dolore). a fare a meno di concentrarmi su
a fare a meno di pensarci) - R
cio che mi fa male)
4. If T happen to bump a part of
my body against the edge of a
4. When I feel pain, I feel that this }};:f: issu}iiar(ciel}slél;es;itr?:llaelz; ftc})\reme 4. When I feel pain, I think I can
will never end 0.43 (Quando mi capita di urtare una 0.51 handle it. . 0.67
(Quando provo dolore sento che parte del mio corpo contro il (Quando provo dolore, penso di
questo non finira pit1) bordo di una superficie dura (ad poterlo gestire)
esempio un tavolino) il dolore &
per me difficilmente sostenibile)
5. When I feel pain, I am always iéiz:z:etifitai(;zgrtr}\\:t Zitr?o hot 5. I often think about how pain
afraid that this will increase Non ri °p ibi causes me suffering.
(Quando provo dolore ho sempre 0.53 (Non riesco a mangiare cibi 0.57 (Penso spesso a quanto il dolore 0.36
P P troppo caldi perché questo mi P q
paura che questo possa aumentare) crea dolore) mi provochi sofferenza)
. 6. I experience a lot of pain if I
6. When I feel pain, I feel that . .
everything is useless, and the happen tAO 1rr1t§te my eyes with 6. When I feel pain, I cannot
S soap while taking a bath or shower. R
pain is about to overwhelm me . . concentrate on other activities
0.50 (Provo molto dolore se mi capita 0.47 X 0.41
(Quando provo dolore sento che di irritarmi eli occhi con del (Quando provo dolore non riesco
tutto sia inutile e che il dolore stia sapone men%re mi faccio il bagno a concentrarmi su altre attivita)
per sopraffarmi) o 12 doccia) g
7. When I feel pain, it is hard for me .
to think of anything besides pain. ;lllsfsleel srfr;()f pain when [ have a 7. When I feel pain, I can’t sleep
(Quando provo dolore, é difficile 0.51 (Provo moltopaolore uando ho 0.60 (Quando provo dolore non riesco 0.82
per me pensare a qualcosa oltre Un crampo muscolarg) a dormire)
al dolore) P
8. When I feel pain, I can’t think 8. I experience a lot of pain when i'n‘:l])llleertlol :zg;;:;cziizgé tIi?\;n
of anything else to overcome it 057 I'undergo a blood draw 0.65 activities. 061

(Quando provo dolore non riesco
a pensare ad altro che superarlo)

(Provo molto dolore quando mi

. X (Quando provo dolore non riesco
sottopongo a un prelievo ematico)

a distrarmi)

Rating scale of the questionnaire was developed on a 5-point scale from 0 (absolutely false) to 4 (absolutely true).
KMO: Kaiser-Meyer—Olkin test.

Pain Multidimensional Questionnaire (Pa-M-QU). A focus group comprising clinical
psychologists, cognitive psychologists, and neuropsychologist screened 138 items. All items
encompass multiple aspects of pain (for a review, see Main, 2016 [16]), with a particular
focus on the characteristics of pain sensitivity, pain catastrophizing, and coping with pain.
From these items, a pool of 59 items was then selected. Subsequently, according to the
hypotheses of this study, the items were divided into three different independent scales,
which were subjected to three independent exploratory factor analyses and sensitivity
analyses (see Results Section). The participants were instructed to reflect on their own
painful experiences and indicate the degree to which they had experienced each of the
thoughts or feelings represented by the items when experiencing pain on a 5-point scale
from 0 (absolutely false) to 4 (absolutely true). The final version of the questionnaire
provided respondents with the following instruction: “The following definitions refer to the
condition of physical pain and to experiences or states that may be experienced or felt in life
contexts related to pain. Please indicate on a scale from 0 (absolutely false) to 4 (absolutely
true) the extent to which each definition represents your individual experience with pain”.
For further details on the final version of the questionnaire, refer to the Results Section.
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Pain catastrophizing. The term “pain catastrophizing” is used to describe a cognitive
and emotional process whereby individuals experience a heightened sense of distress
and anxiety in response to pain. The Italian validation of the Pain Catastrophizing Scale
(PCS) [17] was used to evaluate the extent of catastrophic thinking about pain and to assess
the convergent validity of the new questionnaire. The PCS is composed of 13 items on a
five-point Likert scale (ranging from 0 = “not at all” to 4 = “all the time”), developed for
use with both clinical and non-clinical populations. The Italian version of the scale, which
assesses the helplessness, rumination, and magnification dimensions of catastrophizing,
has satisfactory psychometric properties, consistent with those observed in the original
version (Cronbach’s « range for 0.56 to 0.89). The total score ranges from 0 to 52, with
higher scores indicating higher levels of pain catastrophizing (Cronbach’s « = 0.92).

2.3. Procedure

A two-step data collection process was employed. In the first phase of the study,
data were collected to perform an exploratory analysis (EFA) via an online survey (using
KoboToolbox), which was disseminated on the main social media platforms to all potential
respondents aged 18 and above. A second independent sample of volunteers completed
a second survey, employing similar strategies, to confirm the psychometric aspects via
confirmatory factor analysis (CFA). To ensure anonymity, no personal information that
could allow the identification of participants was collected. The procedure was approved by
the ethical committee of the Department of Dynamic and Clinical Psychology and Health
Studies (“Sapienza” University of Rome; protocol number: 0001168, 21 August 2019) and
conformed to the Helsinki Declaration.

2.4. Data Analysis

A three-step analysis was conducted to test the reliability and validity of the instru-
ment. The focus group identified specific items for each scale of the questionnaire and
included them in the appropriate scales. Then, different strategies were adopted to se-
lect the most reliable items for each scale [18]: (a) removing items that allow improving
Cronbach’s alpha, (b) removing any item with an item—total correlation lower than 0.20,
and (c) ranking the remaining items with the removal of one of the similar items if they
correlate highly (>0.75). This strategy enabled us to maximize homogeneity. Following the
removal of items through item analysis, psychometric properties were tested. The factorial
structure of the scales was examined using both exploratory (EFA) and confirmatory factor
analyses (CFA) for each scale proposed by the focus group (i.e., catastrophizing of pain,
pain sensitivity, coping with pain). These analyses were conducted on two independent
samples. Oblimin rotation was used in EFAs because there was no reason to assume that
the extracted factors were orthogonal. A scree plot was used to determine the number of
extracted factors. However, each factor with an eigenvalue equal to or higher than 1 was
considered. The number of factors suggested by the EFAs was then cross-validated in the
CFA. Maximum likelihood (ML) estimation was employed in the CFA. Goodness-of-fit was
assessed using chi-square, the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI)
and the Standardized Root Mean Square Residual (SRMR) and Root Mean Square Error of
Approximation (RMSEA) indices. The cut-off criteria for determining the fit indices were
based on Kline’s suggestions [19].

Pearson’s r correlations were calculated to describe the relationship between some
of the sample’s characteristics (age, years of education) and the Pa-M-QU global score.
Moreover, the convergent validity of the construct was evaluated through the correlations
with the PCS. Jamovi and open-source software R (R-Core, 2018 [20]) were used to perform
statistical analyses in the current study.

3. Results
3.1. Items Analysis

From the pool of 59 items identified by the focus group, 14 were included in the
Catastrophizing scale, 21 in the Pain Sensitivity scale, and 17 in the Pain Interferes and
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Coping scale. Then, the analysis of reliability indicated that 35 items should be removed.
The final scale consists of 24 items.

3.2. Reliability and Exploratory Factor Analysis

Cronbach’s alpha coefficients for all scales suggested good reliability (see Table 1). An
examination of the scree plots and the percentages of variance accounted for revealed the
presence of a single factor for each scale. The KMO and Bartlett’s test statistics for each
scale indicated that the data were suitable for factor analytic procedures [21] (Table 1).

3.3. Reliability and Confirmatory Factor Analysis
The CFA confirmed the three monofactorial structures with optimal fit indices (see Table 2).

Table 2. Results of CFA.

Catastrophizing of Pain Pain Sensitivity Pain Interferes and Coping
CFI =0.93; CFI =0.98; CFI =0.98;
TLI = 0.90; TLI =0.97; TLI =0.97;
SRMR = 0.04; SRMR = 0.03; SRMR = 0.03
RMSA = 0.05 (CI 90% = 0.03-0.07) RMSA = 0.04 (CI 90% = 0.001-0.06) RMSA = 0.04; (C190% = 0.005-0.06)

CFI: Comparative Fit Index; TLI: Tucker-Lewis Index; SRMR: Standardized Root Mean Square Residual; RMSEA:
Root Mean Square Error of Approximation.

3.4. Convergent Validity and Inter-Correlations

Person’s linear correlations were carried out between the scores of each scale of the
Pa-M-QU and the total score of the PCS and the three monofactorial structures positively
correlated with each other and with the PCS (see Table 3).

Table 3. Correlations between the Pa-M-QU scales and the PCS.

Catastrophizing of Pain Pain Sensitivity Pain Interferes and Coping
Pain Sensitivity 0.61 ** -
Coping with Pain 0.77 ** 0.67 ** -
PCS 0.63 ** 0.62 ** 0.78 **

**p < 0.001. PCS: Pain Catastrophizing Scale.

3.5. Characteristics of the Sample and Consideration of the Scale

Table 4 shows the main characteristics of the sample considering pain-related informa-
tion and experience. Table 5 shows quantitative results for each scale and distribution of
the scores across the participants.

Table 4. Characteristics of pain in the sample for CFA.

n (%)
Chronic Pathologies
Yes 15(12.2)
No 108 (87.8)
Chronic Pain Diseases
Yes 1(0.8)
No 122 (99.2)
Pharmacological Treatment for Pain
Yes 12 (9.8)
No 111 (90.2)
Frequency of Experiencing Pain
Almost Never 2 (1.6)
Sometimes 37 (30.1)
Frequently 75 (61.0)
Mostly 9(7.3)
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Table 5. Mean and standard deviation of the scales of the Pa-M-QU, according to the items reported

by the CFA.
Catastrophizing of Pain ~ Pain Sensitivity =~ Pain Interferes and Coping PCS
Mean and Std.Dev. 9.30 (4.37) 7.84 (5.04) 8.52 (5.90) 15.04 (9.58)
Scores over 2 Std.Dev 18.04 17.92 20.32 34.2

% of participant overcoming

2 Std.Dev. 4(5/123) 4(5/123) 5(6/123)

Here, 2/123 (2% of respondents) overcome the average of the sample of 2 Std.Dev. for all the three scales of the
Pa-M-QU.

4. Discussion

Our study was conducted within a framework that emphasized the multifaceted
nature of pain. The development of the Pa-M-QU was centered on the attempt to assess
this complexity by screening some of the multiple components that may influence the
self-reported experience of pain, i.e., catastrophizing of pain, pain sensitivity, and pain
interferes and coping. The tool demonstrated good reliability in a three-monofactorial
structure. Moreover, the fit indices of the CFA yielded highly satisfactory results, indicating
a notable degree of stability of the questionnaire in the analysis of the questionnaire pain
components in the general Italian population.

4.1. Pain Sensitivity

Regarding sensitivity, our scale is not intended to quantify localized pain perception,
which previous works have assessed in overt states of pain or experimental conditions
through self-rating measures of pain (for a review, see [11]). Instead, in accordance with
other authors, our scale aims to improve understanding of general pain sensitivity. Two ex-
isting questionnaires, the Central Sensitization Inventory (CSI) [22] and the Pain Sensitivity
Questionnaire (PSQ) [10], have been previously developed to assist in the identification of
pain sensitivity. The authors considered these questionnaires to be relevant for both clinical
purposes in chronic pain conditions and for the assessment of pain intensity in healthy
subjects experiencing pain-induced conditions. The PSQ addresses different body sites and
pain modalities, requesting respondents to imagine pain. The CSI is a self-report measure
designed to identify patients with symptoms that may be related to Central Sensitization
(e.g., fibromyalgia and temporomandibular disorders). Given that pain sensitivity is not
unidimensional [23], we included a scale of pain sensitivity in a questionnaire that globally
considers different facets of pain experience. Further, this scale encompasses both bodily
(e.g., Item 4: “When I happen to hit a part of my body against the edge of a hard surface
(such as a table) the pain is hardly tolerable for me”; Item 5: “I can’t eat foods that are
too hot because this results in pain”) and central dimensions of pain sensitivity (e.g., Item
1: “People who are close to me often tell me that I am too sensitive to pain”; Item 3:“It is
very easy for me to feel pain”). The present study thus would suggest the utility of the
Pa-M-QU for a rapid assessment of general pain sensitivity. Potential future applications
include experimental pain sensitivity assessments in healthy subjects and the prediction
of acute pain (e.g., post-operative pain) or chronic pain disorders. It is also relevant to
consider pain sensitivity from a cognitive perspective. Indeed, recent findings suggest
an increasing association between cognitive aspects and pain sensitivity, pain threshold,
and tolerance [24-26]. Cognitive factors, such as attention, expectation, and emotional
regulation, can significantly influence pain perception and modulation. A comprehensive
assessment of pain sensitivity requires understanding the interplay between cognitive,
social, and physiological factors. This understanding can inform the development of more
effective pain management interventions. Further studies can adopt this screening tool to
detect cognitive and affective components of pain further.
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4.2. Catastrophizing Pain

The term “catastrophizing” is used to describe a maladaptive cognitive style involving
the occurrence of exaggerated negative thoughts and emotions during actual or anticipated
instances of pain. In previous studies, different foci were directed toward the exaggeration
or dramatization of threat or pain [27] or pain-related worry and fear, with an inability to
divert attention from pain [28]. From these definitions of pain catastrophizing, research fo-
cused on developing reliable self-report instruments for the assessment of this phenomenon.
For example, the Coping Strategies Questionnaire (CSQ) by Rosentiel and Keefe included
a subscale for helplessness and pessimism in pain contexts [29], which was expanded
by Sullivan et al. [30] with the Pain Catastrophizing Scale (PCS), assessing helplessness,
rumination, and magnification associated with pain experience. Also, our purpose was
to improve the measurement of pain catastrophizing, including it in a screening scale
for evaluating this construct in the general population incorporating multiple aspects of
pain catastrophizing (e.g., Item 3: “When I feel pain, I can’t help but think about it.”;
Item 5: “When I feel pain, I am always afraid that this will increase”; and Item 6: “When I
feel pain, I feel that everything is useless and that the pain is about to overwhelm me.”).
This is crucial because accurately evaluating catastrophizing can inform treatment strategies
and improve patient outcomes. By understanding how and to what degree individuals
magnify pain threats and experience helplessness, clinicians can adapt their interventions
to mitigate these maladaptive thoughts and behaviors, which may ultimately reduce the
overall burden of chronic pain. Furthermore, the Pa-M-QU correlates with measures of
catastrophizing (i.e., PCS score), thus providing a viable and brief alternative.

4.3. Pain Interferes and Coping

Effective pain management is of crucial importance for improving patient outcomes
and quality of life. An understanding of the ways in which individuals manage pain
and cope with it is essential and requires a focus on cognitive, emotional, and behavioral
strategies. Several well-established questionnaires are used for the evaluation of pain
management techniques, each with its particular strengths and limitations. For example,
the Coping Strategies Questionnaire (CSQ; [29]) includes subscales for evaluating cognitive
and behavioral coping strategies, such as diverting attention, reinterpreting pain sensations,
and using positive self-statements. Also, the Pain Self-Efficacy Questionnaire (PSEQ); [31])
measures the confidence of individuals in performing activities despite their pain.

In this regard, the PSEQ shows the impact of self-efficacy on pain management. Nev-
ertheless, despite the usefulness of these questionnaires, several critical aspects highlight
the need for developing additional tools. One significant limitation is the inadequate
consideration of the social and contextual factors that influence pain management. Pain
management is a multifaceted process affected by social support, cultural background, and
environmental context. Comprehensive assessment tools that capture these dimensions are
essential for holistic pain management [32]. Another critical aspect is the dynamic nature
of pain management strategies. Individuals may change their coping strategies over time
in response to treatment, psychological state, and social interactions. The development
of tools capable of tracking changes in pain management strategies longitudinally and
providing real-time data would be helpful in pain studies [33]. The experience of pain may
fluctuate depending on the activities in question. For example, an individual with chronic
back pain may experience an exacerbation of symptoms following a day spent seated at
a desk and a subsequent improvement following a yoga class. A significant limitation of
many pain assessments is that they only reflect the intensity of pain experienced or reacted
to during the test session without providing any insight into the subject’s overall pain
experience at the time of the test. In this sense, a functional perspective can be the analysis
of individual response to different representations of pain experience from early and less
severe forms of pain to generalized response to pain (e.g., Item 1: “When I experience
even minimal pain, this prevents me from carrying out normal activities of daily living
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(e.g., doing household chores, going to work, studying, etc.).”; Item 3: “When I experience
pain, I can’t help but focus on what hurts.”; and Item 6: “When I feel pain, I cannot sleep”).

4.4. General Considerations and Limitations

The three-monofactorial structure of this questionnaire, including three independent
but correlated scales assessing different features of pain with a limited number of items,
represents a key objective achieved by this study. The aim of this study was to develop
a brief but reliable screening tool for pain experience, including more than just a single
domain, such as pain sensitivity or pain catastrophizing. As previous studies have indi-
cated, a multidimensional analysis of how individuals feel and react to pain is relevant.
This analysis should be conducted independently of the current presence of pain, as it is
particularly relevant in clinical practice. Although this tool needs further studies to verify
its reliability in clinical practice as a possible screening questionnaire for pain sensitivity,
and to evaluate a possible cut-off, which is relevant to cover a limitation that emerged in
this work, we found promising evidence on pain’s multifactorial nature.

The Pa-M-QU, especially as suggested by the CFA, is a valid tool for this purpose
but some limitations should be reported. Firstly, the monofactorial structure of the scales
included in the questionnaire precludes the possibility of identifying a global score of
pain experience on which the scales may converge. However, this is not possible because
pain is a multifaceted phenomenon with many definitions and expressions, which makes
it challenging to measure its experience as a global and univocal dimension. Another
limitation of this study is represented by the absence of a sample of individuals experiencing
clinical pain, specifically those with chronic pain conditions. In fact, despite 61 percent
of respondents reporting frequent experience of nociceptive pain, only one respondent
indicated a diagnosis of a chronic pain condition. The inclusion of such a sample would
have provided valuable insights when compared with a group of individuals without
chronic pain. This is because the components investigated by the scales may interact
bidirectionally with the chronic pain diagnosis. This could result in the exacerbation and
perpetuation of the catastrophizing of pain, alteration in its sensitivity, and an influence
on its management [34,35]. Further studies should provide the inter-rater and test-retest
reliability of the Pa-M-QU in multiple clinical populations. Finally, pain may be a causal
factor in the development of negative emotional reactions, such as transient or chronic
anger, depression, loneliness, and anxiety [36-38], also in the absence of a chronic clinical
condition. This is evidenced by studies that have demonstrated that such emotional states
can modify the subjective experience of pain, amplifying the processing of pain signals.
Therefore, further studies could also consider these variables in relation to Pa-M-QU scores.

5. Conclusions

The Pa-M-QU has demonstrated a significant and adequate fit index for evaluating
some aspects of pain in healthy subjects. If its reliability is confirmed in further study, the Pa-
M-QU would provide a rapid, straightforward, and non-invasive approach to assessment
with good psychometric propriety. The evidence reported in this work may be extended
in the analysis of acute pain and in the investigation of pain sensitivity as a potential risk
factor for the development of chronic pain disorders. In line with the cognitive-behavioral
model of pain treatment, aspects such as pain experience, coping mechanisms, and other
psychological components may highly affect outcomes. Future research should focus on
evaluating to extend the research on the Pa-M-QU as an alternative or supplementary
method to traditional experimental pain assessments in these contexts. Finally, the goal
is to develop a reliable instrument for measuring the efficacy of pain interventions in
clinical settings.
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Abstract: Anxiety-based cognitive distortions pertaining to somatic perception (ABCD-SPs)—primarily
catastrophizing, fear avoidance, and kinesiophobia—have been repeatedly linked to worsening
chronic, non-cancer pain (CNCP) outcomes of increased disability, amplified pain, ineffective opioid
use, and opioid misuse. Several studies have suggested that treating ABCD-SPs can improve pain
outcomes, yet identification and targeting of ABCD-SPs are not part of the standard medical pain
assessment and treatment plan. Utilizing a narrative review of proposed mechanisms, published
patient perspectives, and study correlations connecting these cognitive distortions with CNCP out-
comes, an approach for better practice in the delivery of standard medical CNCP care can be deduced
and formulated into a Belief and Behavior Action Plan (BBAP) for medical clinicians treating CNCP
to implement into initial and maintenance care planning. These recommendations require relatively
few resources to implement and have the potential to disseminate more effective CNCP treatment on
a large scale now and in the future with the new frontier of cognitive computing in medicine.

Keywords: chronic pain; catastrophizing; fear avoidance; kinesiophobia; opioids; anxiety; depression;
artificial intelligence

1. Introduction

Chronic, non-cancer pain (CNCP) is estimated to affect more than 100 million adults
in the United States [1,2]. The prevalence of this condition is so high that the Centers
for Disease Control have declared that efforts to improve the lives of people with CNCP
are a public health imperative [1]. Although an array of medical and interdisciplinary
pain specialists exist and are trained to offer their respective complementary, interdisci-
plinary, pharmaceutical, interventional, and surgical pain treatments, CNCP diagnosis
and treatment is most often delivered in the primary care setting [3]. Further, there is a
disproportionate amount of high-impact pain (defined as pain severity high enough to
interfere with activities of daily living) [4] reported in under-resourced and underserved
communities that rely upon primary care for all of their medical needs [5].

Limited specialist involvement is only one of the problems within the current CNCP
management climate in the Unites States. Recent CNCP treatment standards have resulted
in secondary problems for the individual patient, and in the greater public health and
managed care arenas. Such problems include ostracizing patient stigma [6,7], morbidity and
mortality from adverse medication effects [8], the rise and reign of the opioid epidemic [9],
and skyrocketed costs of managed care [7]. The financial burden of morbidity related to
CNCP alone is more than that of the afflictions of heart disease and cancer combined, and
has been tallied to be over USD 600 billion per year in the US [2].

Identifying more effective and efficient care approaches for those who suffer with
CNCP continues to be a priority need in US healthcare, especially approaches that will
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have enduring relevancy as medicine advances into the cyber age. Artificial intelligence
(AI) and machine learning (ML) are rapidly being integrated into everyday healthcare
experiences in an effort to reduce healthcare costs [10]. Early estimates of the cost-saving
impact of Al use in medicine project a spending reduction between 5% and 10%, saving
roughly USD 200 billion to USD 360 billion a year [11]. Improved approaches that can be
widely disseminated and implemented in low-resourced areas by the first line of medical
clinicians assessing and treating CNCP are urgently needed now. The present time also
offers a uniquely primed opportunity in medical history to articulate and integrate these
improved approaches into conscious computing medical interfaces. Current efforts to this
end have the potential to broaden CNCP treatment accessibility, and to have a resounding
effect as the basis for the future of CNCP care.

Pain catastrophizing is the most common cognitive distortion seen in patients with
chronic pain, and severe catastrophizing is prevalent for nearly 40% of people experienc-
ing CNCP [12,13]. This belief paradigm has been linked to maladaptive behavior and
resulting negative CNCP sequelae [14] exemplified by increased disability [15-21], pain
intensity [22,23], emotional distress [15], absenteeism [19], and ineffective opioid use [22,24].
Cognitive distortions are defined as faulty or inaccurate thinking, perceptions, or beliefs [14].
Catastrophizing is characterized by the belief that the worst possible outcome will occur
when in a setting that may be serious and upsetting but is not necessarily disastrous [9].
Pain catastrophizing is associated with feelings of helplessness to succumb to a catastrophic
outcome, as well as hypervigilance to behave in a way that avoids stimuli that may insight
discomfort in painful areas [25]. The pervasiveness of this symptomatology within the
chronic pain experience—in both frequency and influence—identifies it as a target of high
relevance when looking to improve the quality of CNCP treatment.

Opioid misuse and ineffective use (referred to in this manuscript as opioid use that
does not facilitate adequate analgesic and functional results, or that does not achieve
desired medical results that outweigh the burden of adverse medication effects) are contrib-
utors to poor patient outcomes and to larger public health concerns regarding the opioid
epidemic [7,8,22-24,26]. The adverse effects of full mu agonist long-term opioid therapy
(LTOT) are numerous and well documented, and are amplified if patients fail to experi-
ence reasonable functional and analgesic satisfaction from such therapy. Adverse effects
that may occur range from immediate [27] (constipation, dry mouth, cognitive impair-
ment, and abuse liability, potentially fatal respiratory depression, and—in the case of
methadone—cardiac arrhythmias [28]) to long term and insidious (hypogonadism [29],
immune compromise [30-32], and hyperalgesia [33,34]). The chronicity incurred from
LTOT use can be burdensome not only to the individual but to society as a whole in the
form of increased managed care charges [7], longer lengths of disability [9], and a nationally
decreased life expectancy due to fatal opioid-related overdoses [9,35-37].

Due to abundant evidence of the negative synergy between pain-related catastro-
phizing and the morbidity of CNCP, care planning to assess and address this cognitive
distortion should be a foundational part of CNCP treatment now and in future digital and
cyber iterations of care delivery. Utilizing a narrative review of proposed mechanisms,
published patient perspectives, and study correlations connecting this cognitive distortion
with disability, pain levels, and/or ineffective opioid use or misuse, an approach for better
practice among pain clinicians can be deduced—one rooted in holistic clinical assessment,
abundant patient education, supportive fear quiescence, and therapeutic confrontation of
concerns. This new approach requires few resources to implement and has the potential to
lead to a more effective CNCP treatment on a large scale now and in the future.

2. Anxiety-Based Cognitive Distortions Pertaining to Somatic Perception (ABCD-SPs)
More than one assessment scale has been validated in an attempt to quantify the
clinical significance of the contribution of pain-related catastrophizing to the morbidity of
CNCP. Most of the literature examines the relationship between CNCP sequelae as related
to this cognitive distortion via one of the following: the Fear-Avoidance Beliefs Question-
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naire (FAB), the Pain Catastrophizing Scale (PCS), and the Tampa Scale of Kinesiophobia
(TSK) (Table 1). Due to the plurality of these validated tools, this paper has adopted an
encompassing term to discuss the significance of their contributions to the morbidity of
CNCP: anxiety-based cognitive distortions pertaining to somatic perception (ABCD-SPs).

Table 1. Table of Assessments for anxiety-based cognitive distortions pertaining to somatic perception
(ABCD-SPs).

Fear-Avoidance Beliefs Questionnaire—Work
and Physical Activity (FAB-W and -PA)

[16,22,38]

Two subscales (FAB-W: 0-42; FAB-PA 0-24) in which higher scores indicate more
severe pain and disability due to fear-avoidance beliefs about work and physical
activity, respectively. Various score thresholds have been documented as
associated with clinical relevancy and specific negative chronicity of CNCP. Higher
scores have been associated with poor physical and manual therapy results and
low return-to-work rates after an injury.

A measure of fear of movement and reinjury. Scores range from 17 to 68, with

Tampa Scale of Kinesiophobia (TKS) [39,40] higher scores being of higher severity. Higher TKS scores have been correlated

with higher disability and pain scores.

Pain Catastrophizing Scale (PCS) [24,41,42]

Assesses levels of catastrophizing. In initial validation, a score of 30 or more
correlated with high unemployment, self-declared “total” disability, and clinical
depression. However, various lower score thresholds have been documented as

associated with clinical relevancy for specific negative chronicity of CNCP.

2.1. An Overview of the Role of ABCD-SPs in the Negative Sequelae of CNCP

ABCD-SPs in the setting of CNCP have been repeatedly linked to worsening pain
outcomes. Such beliefs, and resulting maladaptive behaviors, have been associated with
increased disability [15-21], pain intensity [22,23], emotional distress [15], and absen-
teeism [19]. Studies have shown that fear of movement and reinjury is a better predictor
of self-reported disability and treatment failure than biomedical findings, or pain inten-
sity levels [43—45]. ABCD-SPs have also been documented to affect opioid use in terms
of prolonging postoperative use, increasing opioid craving, and contributing to general
misuse [22,46-49].

Objectively, improvements in ABCD-SPs can be visualized on functional MRI, and
improvements correlate with a decreased pain state [50,51]. Catastrophizing has been
shown to recruit regions of the brain that evoke a more intense suffering response to mild
pain and an inability to decouple and suppress more intense pain when compared to
controls [50]. A successful decrease in catastrophizing via cognitive behavioral therapy
(CBT) has been shown on functional MRI to increase the mass of a subject’s gray matter—an
anatomical substance known to generally be reduced in volume and density in patients
who suffer with chronic pain [51].

Perhaps most persuasive regarding the import of ABCD-SPs to CNCP-related mor-
bidity are the studies that suggest treating ABCD-SPs can reverse some of the negative
sequelae associated with CNCP. It has been documented that treatment campaigns tar-
geting ABCD-SPs can have a positive effect on the clinical outcomes of somatic symptom
prevalence and the length of pain episodes when effectively reduced [38,52-54]. Some
studies have shown efficacy in harnessing ABCD-SP education to affect positive change in
disability length related to CNCP [52,55].

2.2. ABCD-SP Validated Assessment Tools
2.2.1. The Fear-Avoidance Beliefs Questionnaire (FAB)

The Fear-Avoidance Beliefs Questionnaire (FAB) was designed to measure fear-avoidance
beliefs about physical activity and work, and it has strongly correlated these beliefs with work
loss and pain [16]. The FAB consists of two subscales: Work (FAB-W) and Physical Activity
(FAB-PA). Several studies have investigated the reliability of the FAB for the assessment of
fear avoidance among patients with various etiologies of CNCP [38,43,56-58]. A higher
FAB score has consistently been shown to correlate with an increased probability of current
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and future work loss and disability [16,19,20], as well as social withdrawal [21]. While
the relationship between an elevated FAB score and increased disability and pain remain
correlated, the optimal cut off for determining a significant FAB score in relation to negative
chronicity in CNCP has varied with the pain context [16,38,52,56,58-60]. Higher FAB scores
have also been shown to significantly predict treatment failure [56,57]. FAB analysis has
also been used to determine which clinical interventions have a better likelihood of a
successful outcome to decrease patient-reported disability and pain [56-58,61]. An elevated
FAB-PA has been shown to be a strong correlate with the inability to cease ineffective LTOT
use, more so than morphine equivalent levels and elevated Current Opioid Misuse Measure
scores [22].

Several studies have examined the relationship between improved disability and
treatment of CNCP via graded exposures that confront fear-avoidant beliefs and behaviors
to improve patient self-efficacy and overall disability [62—-68]. FAB-targeted educational
campaigns have had positive effects on beliefs and clinical outcomes [38,52-54]. Specifically,
one study found that successfully lowering fear-avoidance scores in patients with chronic
back pain through an educational campaign resulted in subsequently decreased patient
reports of disability [52].

2.2.2. The Pain Catastrophizing Scale (PCS)

The PCS determines a patient’s level of pain catastrophizing, which is tested by
assessing the elements of rumination, magnification, and helplessness [42]. It was created
to better assess the relationship between greater pain intensity, negative pain-related
thoughts, and greater emotional distress. Higher scores have been shown to significantly
correlate with a prediction of pain intensity and emotional distress [42,46,48,55,57,69],
and have also been implicated as a risk factor for increased disability length [48,54,58],
pain interference [69], and delayed return to work [41]. Preoperative catastrophizing can
even predict higher postoperative pain levels and poorer patient-reported postoperative
satisfaction following minimally invasive implantations [70] and surgery [71-74]. It has
been postulated that this correlation may contribute to increased use of healthcare services,
and higher costs to the healthcare system [75].

Targeted therapy to improve catastrophizing has been shown to significantly im-
prove pain outcomes. Pain intensity and disability have been shown to improve with
improved PCS scores when maladaptive beliefs were challenged via education and cog-
nitive restructuring, even when such interventions occurred on a purely theoretical and
cognitive level [62]. Combined physical therapy (PT) with treatment to minimize psycho-
logical catastrophizing barriers improves return-to-work rates [55,66]. One study reported
this treatment combination had a 25% higher return-to-work rate than physical therapy
alone [55]. PCS score improvements have also been correlated with successful cessation of
ineffective LTOT in a population for whom cessation had not been previously achievable
through usual care methods [23].

2.2.3. The Tampa Scale of Kinesiophobia (TSK)

The TSK is a measure of fear of movement, injury, or reinjury [39] and has been vali-
dated for use in assessing comorbidities of chronic pain from multiple etiologies including
backpain, neck pain, lower-limb complaints [76,77], and fibromyalgia [17,39,78]. Increased
TSK scores are implicated in decreased physical performance and increased pain intensity,
depressive symptoms, pain-related anxiety, and disability [17,79]. Like the PCS and FAB,
the TSK has also been associated with ineffective opioid use and misuse [22-24]. Several
studies have shown that high kinesiophobia is an independent risk factor for less satis-
factory treatment outcomes [76,77,80]. Also, similar to the other ABCD-SP assessments,
studies show that targeted cognitive exercises for decreasing kinesiophobia can improve
disability [80] and pain [81] when combined with PT better than PT alone [82-84], and can
improve pain intensity and physical function [85-87].
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3. Pathology of Anxiety-Based Cognitive Distortions Pertaining to Somatic
Perception—Proposed Mechanisms

The Fear-Avoidance Belief and Behavior Model (Figure 1) [16,22,56,57] can be visually
represented to illustrate the different trajectories for patients with a low fear reaction versus
patients with a catastrophizing reaction to their pain experience. The basic tenet of the
model is that the way in which pain is interpreted leads to two potential pathways. When
pain is perceived as non-threatening, or low threat, patients are likely to behave in a way
that confronts real, or perceived, factors that limit their pursuit of meaningful endeavors.
This step of confrontation is imperative to eventually overcome those limitations and move
toward recovery. In the case of opioid use, the low-fear pathway leads to the use of only a
short course of opioids before decreasing use, or ceasing use altogether, thus minimizing or
eliminating adverse medication effects [22].
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Figure 1. The Fear-Avoidance Belief and Behavior Model [16,22,56,57].

In contrast, a maladaptive cycle may be initiated when pain is perceived through a
catastrophizing lens. Catastrophizing entails, among other things, a sense of feeling over-
whelmed and powerless to succumb to external, negative forces and experiences [14,62].
This gives rise to pain-related fear, activity avoidance, experience escape (including pro-
longed opioid use, or misuse), and a negativity-biased hypervigilance. These propensities
lead to a progressive withdrawal from meaningful activities and an eventual decline in the
physical and emotional capability to access resiliency-building experiences and tools, as pre-
viously identified activities of meaning become less attainable. While avoiding the stimuli
suspected, or proven, to provoke pain can be adaptive in the acute pain stage, it paradoxi-
cally entrenches disability and reliance upon opioids in the subacute and chronic stages
of pain. Eventually, the long-term consequences of deconditioning due to disuse [88] and
mood deterioration [26,46,89-91] result in increased morbidity [9,36] and decreased ability
to recruit and access alternative, resilience-building chronic pain coping mechanisms [22].

Several things can accelerate and amplify the maladaptive cycle. Receiving threatening
information about a diagnosis can understandably send a patient’s focus to worst-case
scenario possibilities. However, uncertainty about a diagnosis can be just as disturbing as
threatening information [16,92]. Lack of understanding about the significance of pain is one
of the main reasons patients with CNCP go to the Emergency Department (ED) [93]. Nega-
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tive affectivity and mood disorders, especially anxiety and depression [94,95], coexisting
in the patient promote and propel the catastrophizing cycle via a distortion of negativity
bias [92]. Also, a history of trauma—even if it precedes the inciting pain event—can propel
this maladaptive cycle. A large body of evidence shows that numerous morbidities are
accelerated, if not generated, by exposures to adverse childhood experiences (ACEs) [96].
ACE exposure fosters general hypervigilance and negativity bias in daily experiences,
resulting in increased catastrophizing and pain-related suffering, among multiple other
poor health outcomes [97].

Fear avoidance of movement due to pain, from the stance of learning theory, is a
self-perpetuating dynamic in which a small sensory insult—or even the threat of such an
insult—can propel anticipation of hyperbolized potential consequences. This anticipation
can create—and reinforce—global, habitual, and maladaptive behavior [98], and hinder
trials of adaptive activity. If the expectation of catastrophic pain is not confronted, it cannot
be disproved. This leads to further maladaptive beliefs and behaviors, deconditioning,
and disability [16,22,99,100]. As Vlaeyen et al. state in their paper describing the Fear-
Avoidance Model, “Avoidance can be used as a source of information to derive danger, for
example: “I am avoiding, therefore there must be danger”. The relief that the expected
threat did not occur may reinforce avoidance behavior, and hence maintain it [92].

This uninterrupted cyclic dynamic is also applicable in the context of problematic
LTOT usage, as many patients associate the action of taking a scheduled opioid with that of
prophylactically avoiding or escaping pain. In this pattern, the unadulterated experience
of physical nociception is rarely confronted, and patients can spiral deeper into habitual
opioid administration, and the possible adverse effects of LTOT use. This dynamic is
compounded in opioid use, as it is triply reinforced by dopaminergic incentivization and
abrupt abstinence syndrome disincentivization [22].

4. The Call for a Belief and Behavior Action Plan—Theoretical Considerations

Using a reverse-engineering approach to the Fear-Avoidance Belief and Behavior
Model, entry points for promoting a more healthful ABCD-SP dynamic in the pursuit of
better CNCP outcomes emerge for the pain clinician (Figure 2). The maladaptive cycle
is amplified and accelerated when the patient perceives threatening illness information,
uncertainty of diagnosis and prognosis, and the perception of powerlessness to succumb
to an overwhelming amount of negative sequelae. Thus, initial and ongoing quality
communication between a medical clinician and patient about pain etiology, treatment,
and prognosis is substantive to the patient’s pain experience and treatment outcome
potential. Much as the technique of motivational interviewing has been a highly effective
and relatively easy treatment technique to disseminate to improve significant measures
in multiple chronic physical and psychological diseases [101], there is an opening for a
simple—yet sophisticated—change in clinicians” approach to communication with patients
experiencing CNCP. Specifically needed is a patient-centered, individualized approach to
treatment planning that develops empowered agency and supports therapeutic ABCD-
SP identification and confrontation within the scope of patient-identified endeavors of
meaning. This treatment approach should address patient-disclosed fears, concerns, and
misconceptions in a supportive, open-ended, and ongoing manner. The goal should be to
culminate the clinical visit with a patient-specific Belief and Behavior Action Plan (BBAP)
for CNCP treatment.

To begin to formulate what a BBAP for CNCP would entail, we must first look beyond
data and diagrams to the patient perspective. Numerous reports have documented patients’
dislike of—and frank objection to—medical discussions involving “catastrophizing” and
like terms. Many patients have called the concept of categorizing their pain experience in
this way—as a maladaptive psychological response and behavior—as condescending, and
even disenfranchising [102]. Some feel that validated terms currently used within the med-
ical community to assess and address ABCD-SPs carry connotations of “pain shame” [103].
Patients have reported that the label of “catastrophizer” is perceived as unempathetic,
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stigmatizing, blaming, judgmental, dismissive, minimizing, and weaponizable as a tool
to selectively restrict treatment [102]. Some have even contended that the term “catastro-
phizing” can harbor systemic racism and microaggression, especially when a care plan has
failed to distinguish between an ABCD-SP and a generalized stress response to the overall
institution of medicine, which for some is a construct fraught with inaccessibility [104],
injustice, inequality, and discrimination [105,106]. Some scholars have set about renaming
the phenomena of catastrophizing altogether [107]. Despite the mounting volume of these
valid and important voices, many feel resigned that stigma will eventually undermine
any nomenclature revision attempt to create a patient-centered term used to describe the
ABCD-SPs that are a prominent feature in the CNCP experience, and that the stigma lies
with the way that people categorize the phenomena [108].
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Figure 2. Belief and Behavior Action Plan (BBAP) for CNCP: The better-practice treatment approach
is recommended to be inserted by clinicians at specifically identified care plan intervals—indicated
by striped arrows—in order to shunt treatment outcomes toward more adaptive outcomes. Abbrevia-
tions: ctu/ctu’d = continue/continued; d/o = disorders; dx = diagnostic; px = prognostic.

Semantically, the notion of categorizing ABCD-SPs experienced by so many with
CNCP as an added pathology is arguably redundant, if not excessively persecutory—a
point that has also been made by patients and advocacy groups [102,103]. Pain is defined as,
“An unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” [109]. Literally, the emotional experience
associated with potential tissue damage is real pain, and consequently, treating the ABCD-
SP should be conceived of as providing holistic pain care. Thus, ABCD-SPs should be
evaluated for, and addressed, like other associated pain symptoms and features—such as
radicular symptoms or paresthesia—in every case of CNCP. Each of these features should
be associated with the appropriate treatment line item in a comprehensive care plan, just as
a different medication class might be used for neuropathic versus axial pain.

The above discussion begins to illuminate the need for a paradigm shift in the con-
ceptual construct of not only the patient but also the medical provider. First and foremost,
patients need to be approached with empathy. While this may seem self-evident, empathy
is not a universal patient experience for patients with CNCP, who have likely experienced
diagnosis-associated discrimination and marginalization from the general and medical
communities [110]. Aside from maintaining the integrity of the Hippocratic Oath, empathy
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and trust are imperative to bring about fertile ground for true cognitive, physical, and
prognostic change for patients with CNCP [111]. While it is difficult for clinicians to focus
on a patients’ suffering because of the accompanying sense of clinical impotence, and
frequent lack of objective solutions, simply witnessing the patient’s subjective suffering ex-
perience may decrease suffering in itself [112]. Further, in a cohort study that included 1470
adults with chronic lower back pain, physician empathy was more strongly associated with
favorable outcomes pertaining to pain, function, and quality of life than were nonpharma-
cological treatments, opioid therapy, and lumbar spine surgery [113]. This approach bears
particular portent in the contemporary environment where many patients have become
“opioid refugees” [114-116]. This dynamic is compounded for populations experiencing
generalized discrimination due to racial, ethnic, gender, or sexual backgrounds or identities
that differ from that of their clinician [117-120].

5. Creating a Belief and Behavior Action Plan—Clinical Considerations

Creating a comprehensive and empathetic BBAP for CNCP begins with thorough infor-
mation gathering on the part of the clinician. An effective pain evaluation and assessment
must go far beyond the “OPQRST” (Onset, Palliation/Provocation, Quality, Radiation,
Severity, Timing) that is taught in training. It should include a comprehensive mood
assessment as well as a healthcare literacy reconciliation between what the patient has
been told and what the patient understands—and believes—about their diagnosis and
prognosis. Also included should be a cataloging and recording of the patient’s pain-related
concerns; a recollection of the patient’s similar past experiences; and adequate time to
discuss expectations about potentially affected patient-identified meaningful activities.
A thorough clinician will also be cognizant of a potential history of actual or perceived
disenfranchisement, discrimination, or implicit bias on the part of the medical system
toward the patient [119,120]. It has been postulated that inquiring about this last experience
openly and early may help avoid repeat offenses on the part of unintending clinicians, and
facilitate a more equitable and effective therapeutic relationship [105]. Any, and all, of the
factors above—and potentially more—can result in anxiety that can ignite and fuel the
fear-avoidance belief and behavior cycle [18,92,105], and each symptom—and associated
belief and behavior—should be documented, triaged, and revisited every visit as part of
the symptomatology requiring palliative and restorative CNCP care planning.

The goal of the BBAP for CNCP should be to end with a patient-empowering care
plan strongly rooted in patient self-efficacy. The patient and clinician should work together
to create a menu of patient treatment options, independent of the part of the care plan
that relies upon a medical, rehabilitative, or behavioral health clinician, which should not
be usurped by the efforts invested in the making of the BBAP. To assign the appropriate
patient-administered actions to the BBAD, the patient’s descriptions of symptoms should
be cataloged in terms of levels of severity and physical and emotional distress, along with
an associated detailing of the default patient behavioral reaction to these symptoms. These
scenarios should then be examined individually and optimized when effective, and gently
challenged and replaced when they have been ineffective in the past. The end result is that
the patient should leave every clinical visit with an approachable and navigable treatment
action plan documenting several ways in which they have control and agency to access
pressure release valves for the full spectrum of pain flare severity that may occur. These
BBAP interventions should include features that are accessible when in and out of the
home, and which represent treatment modalities from a variety of dimensions, including
behavioral, physical, social, medical, spiritual, and occupational.

6. Creating a Belief and Behavior Action Plan—Recommendations and Practical
Considerations

The following is a synopsis of clinical and practical better-practice recommendations
to create a BBAP for CNCP, derived from current evidence (Figure 2):
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II.

Utilize standardized assessments and short-answer questionnaires upon initial
evaluation, and periodically in follow-up, to assess and monitor the potential for
ABCD-SPs to interfere with rehabilitation:

a.

Standardized assessments:

i. Assess for high ABCD-SP via one of the frequently used, validated
assessments (FAB, PCS, or TSK) [16,22,24,42,57,92,102].

ii. Assess for mood disorders that can be independent risk factors for
ABCD-SP escalations, especially depression and anxiety [22,24,94,95].

iii. Offer a validated instrument assessing perceived discrimination and/or

trauma history [96,105,121].

Short-answer questionnaires to catalog patients” perceptions regarding
the following;:

i Concerns and fears related to their pain or treatment [57,92].

ii. Perceived barriers to accessing helpful pain treatment [104,122].

iii. Activities of meaning, which can help accomplish the following goals:
1. Lay the groundwork to create an individualized care plan.
2. Strategize support and diminish negative impact on these activities.
3. Better motivate patient participation [24].
4. Apply to cognitive restructuring exercises [57,92].
5. Aid in decreasing treatment plans rooted in implicit bias for

populations heralding from a race, culture, gender, sexuality, or
age group that differs from the provider [123].

iv. Satisfaction with their current and previous pain treatment, e.g.,
which interventions, medications, therapies, etc., have been per-
ceived as the most helpful, which were the most problematic and
why [22,24].

Implement an intentional BBAP inquiry and communication strategy and style in
the clinical visit:

a.

Invest heavily in the first visit by performing a deep exploration and inquiry
into the patient’s pain experience and their current pain-related beliefs and
resulting behaviors (much of which can be initiated via the short-answer
format suggested above) [101].

Demonstrate empathy [113,124].

Use validating active listening, which has been shown to increase patient
adherence to care planning [125].

Lean into, and address head-on, patient’s accounts of suffering and fear in
the clinical setting to achieve the following:

i Dispel the ability of these sentiments to hijack adaptive recovery
processes when the patient ruminates alone [93].
ii. Decrease the suffering of invisibility that patients with CNCP often

face. While it is difficult for clinicians to focus on a patients’ suffer-
ing because of the accompanying sense of clinical impotence, and
frequent lack of objective solutions, it has been suggested that simply
witnessing the patient’s subjective suffering experience may decrease
the severity of the same suffering [112].

Be cognizant of both the implicit and explicit messaging inherent in com-
munications imparted by the clinician to the patient about diagnosis and
prognosis. Positive self-perceptions and health-related optimism correlate
with improved pain suffering, pain-related disability [92,95,97,126-128], and
even increased longevity [129]. When possible and appropriate, choose vo-
cabulary and descriptors that de-escalate the patient’s perceived threat of
nociceptive input, and which highlight functional and meaningful possibility.
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Message with mindfulness of potential emotional trauma-affected hyper-
arousal and increased sensitivity to pain [130].

Temper areas of diagnostic uncertainty and remaining investigation with
clear descriptions of the investigative next steps, while explicitly outlining
the activities that are safe to pursue in the interim [57,92].

Increase healthcare literacy and promote pathology demystification:

i

ii.

ii.

Ask patients to paraphrase their understanding of their injury, pain,
and pathology. Note terminology used and connect medical termi-
nology to patient’s perceptions and descriptions to promote demysti-
fication [57,92]. Correct misconceptions while maintaining patient-
generated frame of reference and terminology, when appropriate.
Consider inviting a call and paraphrased repeat opportunity between
the clinician and the patient to improve comprehension of pathology
and related care plan.

Assuming the standard use of language interpreters to bridge transla-
tion barriers, also employ visual aids and physical models to engage
multiple patient learning style preferences to explain not only pathol-
ogy but also the mechanisms of pain symptomatology in an effort to
demystify and decrease anxiety related to somatic perceptions.

Orient to when fear of catastrophe is warranted.

i

ii.

Debrief previous urgent, or emergent, clinical visits to seek pain treat-
ment. Discuss causational factors and a care plan for future episodes
in the form of improved medication organization, strategized BBAP
interventions, a change in medication regimen for more effective
analgesia, a change in formulary or treatment type for improved
access, etc.

Orient to “red flag” signs and symptoms that medically warrant
emergent attention and educate to differentiate from chronic, stable
stimuli.

II. BBAP components should include the following:

a.

Cultivate an empowering, patient-driven action plan (to complement the
encompassing medical and interdisciplinary treatment plan) containing the
following elements:

i

ii.

Facilitation of a menu of active, self-care options to address various
pain levels and flares. Include features accessible in and out of the
home, and which represent treatment modalities from a variety of
psychosocial domains: behavioral, physical, social, medical, spiritual,
occupational, etc.

Minimized barriers and avoidance of the “gate keeper” perception
of clinical treatment options where possible—within the confines of
evidence-based care—which inherently promote a role of helpless-
ness, perceptions of scarcity, and an external locus of control. Instead,
promote care planning options that are autonomously administered
and are rooted in patient agency, including the following:

1. Prescribe medications and self-administered devices that can be
safely used as needed for specific indications [22,24].

2. Orient to a home exercise program that de-amplifies pain suffer-
ing via an assortment of activities rooted in multiple psychoso-
cial domains [62].

3. Plan a care regimen creatively, and individually, around poten-
tial socioeconomic barriers to treatment access (transportation,
mobility, coverage, cost, etc.) by choosing generic medications,
refilling for longer durations, providing telemedicine, etc. [131].
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b. Use a patient-controlled mechanism to maintain a continuous log of worries
and fears associated with pain symptomatology in the CBT-based exercise of
cognitive restructuring [132], which has been shown to be helpful for CNCP
outcomes even when self-administered [133,134].

c. Carry out frequent routine clinical follow-ups to consistently support the
ABCD-SP cognitive restructuring process in the model of treatment recom-
mended for somatoform disorders [135,136], as catastrophizing and somato-
form disorders share many clinical features and frequently co-exist [137].

7. Discussion
7.1. Anticipated Objections to BBAP Implementation—Financial Disincentivization

Clinical efficiency and the demands of billable time have been cited as a barriers to
more encompassing CNCP care planning [138]. Cultivating a BBAP that fosters patient
empowerment and autonomy, and adequately addresses patient-specific healthcare literacy
and individualized concerns, requires time and resources that clinicians are often disincen-
tivized to employ during their limited billable minutes. However, this nearly ubiquitous
impediment of limited clinical facetime stems from an unbalanced and short-sighted cost—
benefit equation. A minimally invasive surgery or procedure may take as much time—and
reimburse exponentially better—than a thorough face-to-face conversation with a patient
seeking palliation for a pain complaint. Similarly, a clinician can complete several billable
prescription refill visits in the time it takes to thoroughly communicate with one patient.
The ironic counterproductivity of this dynamic is illustrated by research that suggests that
patients will be less satisfied with the outcomes of these same interventions [70], surg-
eries [71-74], and medications [22] if their ABCD-SPs are not adequately addressed first.
Thus, a dynamic of high prescription and procedural implementation has been created and
perpetuated, often accompanied by dissatisfaction with treatment outcomes. Ultimately,
attempts to conserve clinician resources by delaying holistic pain care rooted in emotional
resiliency building, stress reduction, and health education in a human-centered approach
has resulted in higher overall managed care costs regarding patients with CNCP [7].

Further, much like incorporating motivational interviewing has been found to have
a favorable cost-benefit ratio for treatment outcomes of various etiologies in multiple
medical settings [139,140], implementing a potentially more efficacious treatment that
simply involves a change in communication strategy, such as a BBAP, requires very little
resource investment. Considering the current financial and opportunity costs inherent in
the standard care approach to treating CNCP in the US, incorporating a BBAP would only
require a relatively small investment in medical clinician training hours. Additionally, a
BBAP is a care planning strategy that can equally serve populations that are abundantly
resourced or under-resourced, alike, potentially bridging some of the inequities currently
seen in populations who disproportionately suffer with high-impact CNCP.

7.2. Anticipated Objections to BBAP Implementation—Scope of Practice Creep

The significant role that psychologists and allied professionals contribute to the myriad
facets of CNCP treatment via an interdisciplinary care plan is not meant to be replaced, or
undermined, by the recommendation for the pain clinician to create a BBAP. In fact, most
studies have shown greatest success when addressing ABCD-SPs via multimodal efforts,
especially when including physical therapies, CBT, and/or acceptance and commitment
therapy [141]. However, CNCP is frequently associated with—and compounded by—
limited access to such resources [131]. Thus, the recommendation to implement a BBAP
for CNCP is non-exclusive in regard to behavioral health specialist collaboration, and is
designed to benefit from the more in-depth and expansive behavioral health treatment that
a specialist in that field can provide, if accessible.

Further, a BBAP has the potential to champion interdisciplinary care offered by avail-
able behavioral health clinicians. Patient buy-in of behavioral health treatment is often
improved when medical clinicians specifically endorse and provide education to help
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patients better understand the far-reaching implications of behavioral health efforts in their
medical treatment and recovery [142]. Also, removing some of the figurative partition
siloing the physical from the psychological symptoms and treatment of CNCP can help
decrease the stigma of psychological suffering related to CNCP, which has the potential to
improve outcomes, as described above.

7.3. BBAP Relevance and Potential: Medicine in the Cyber Age

Artificial intelligence (AI) and machine learning (ML) are rapidly being integrated into
everyday healthcare experiences in an effort to reduce healthcare costs [10,11]. Harnessing
the potential for improved treatment outcomes via a BBAP-informed Al algorithm could
augment healthcare savings even further in the costly field of CNCP by enhancing outcome
improvement and increasing spending returns, not just reducing healthcare costs. It
is imperative that the medical community lays a foundation of effective and human-
centered design into patient interfaces, as they may be programed into conscious computing
perpetuity. This is a uniquely primed time in history to consider which strategies are
working well to deliver preferred medical outcomes, and which need improvement, as we
enter this new cyber frontier of medical practice.

The integration of cognitive computing in healthcare presents an interesting potential
for advancement in crafting personalized medical and psychological treatment plans, and
to improve patient and clinician satisfaction [10,11]. Artificial intelligence (AI) can employ
algorithms to process standardized screening assessments and generate comprehensive
treatment strategies that address both medical and psychological aspects of patient care.
Al algorithms are already supporting clinical decision making in many medical disci-
plines [143] and have the potential to streamline the holistic assessment recommended in
a BBAP to drive more efficient, effective, and individualized care planning. Natural lan-
guage processing (NLP), machine learning (ML), and specified design principles have the
potential to customize the patient interface while adhering to a consistent communication
strategy, congruent with that of a BBAP. All of this has the potential to be available to adapt
and respond with the real-time needs of the patient.

Once again, one can look to the example of motivational interviewing to envision
the potential of BBAP propagation in the cyber age. Al is being successfully used to
train physicians to better demonstrate the technique of motivational interviewing in their
patient visits [144]. This suggests that Al may be a promising avenue of disseminating
continuing medical education for BBAP implementation. Programmers and AI developers
are also harnessing Al, NLP, and ML to perform digital and Al-assisted motivational
interviewing [145-147]. It follows that these same cyber techniques could successfully
generate and support the individualized, human-centered design of a BBAP.

8. Limitations

The aim of this article is to utilize a narrative review of currently available evidence
and observations to recommend a better-practice approach to CNCP care, as chronic
pain management is an area identified as being in great need of improvement in terms
of related public health, individual medical outcomes, and national financial impact. A
recommendation for better practice based on such observations has the inherent limitations
of not being directly tested or proven as an intervention, as would be the gold standard.
Also inherent in the limitations of validating the benefits of a BBAP is the fact that the
nature of a BBAP is highly individualized so as to be nearly universal in its applicability.
Standardizing a randomized controlled trial for such an approach would be challenging.
Future research is encouraged in the form of initial case studies and pilot programing to
better understand the impact possibilities of BBAP implementation.

9. Conclusions

Due to abundant evidence of the negative synergy between ABCD-SPs and worsening
sequelae of CNCP, care planning to assess and address ABCD-SPs via a BBAP should

138



J. Clin. Med. 2024, 13, 5923

be a foundational part of CNCP treatment. While a multidisciplinary approach is ideal,
the role of the individual pain clinician is poised to have a profound effect on a patient’s
formation—and either maintenance or dissipation—of ABCD-SP, which is a determinant
of CNCP severity and morbidity. CNCP is a multifaceted bio-psycho-social diagnosis,
and treatment requires a complex, holistic approach. Maximizing every treatment avenue
available is imperative to improve CNCP-related outcomes on the individual and public
health fronts. Utilizing a better-practice BBAP is a low-risk, low-investment intervention
that currently has the potential to yield high gains on individual and public health levels,
and is a strategy that also may be of high relevance in the cyber age of medicine.
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