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PROLOGUE

This doctoral thesis is presented in a monographic format, following the format criteria
for the doctoral thesis at the Universitat de les llles Balears and the updated American
Psychological Association Style Journal Article Reporting Standards (APA Style JARS),
because it comprises two unpublished studies. Therefore, it includes common sections
(introduction, objectives and hypothesis, methods, general discussion and conclusions),

a section with the results of both studies, and a final section with future directions.
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ABSTRACT

The main aim of the present thesis is to better understand the top-down inhibition of
pain mechanisms, and how they can interfere in treatment outcomes within chronic pain
populations by means of learning and expectations. For this purpose, two different
experiments were conducted. For the first experiment, it was performed a randomized
clinical trial to assess the effectiveness of low frequency repetitive transcranial magnetic
stimulation (LF-rTMS) over the right dorsolateral prefrontal cortex (rDLPFC) in major
depressive patients (MD) and fibromyalgia patients with major depression (FMD). Alpha
asymmetry measures by EEG (electroencephalography) were chosen to asses pre- and
post-treatment outcomes. Furthermore, this study was useful to observe the effect of
positive verbally induced expectations in clinical trials. The results lead to the conclusion
that LF-rTMS over the rDLPFC is not and effective treatment for chronic pain
management, and it did not promote any change in FMD patients regarding alpha
asymmetry. Besides, it was observed that expectations verbally induced by the
practitioner may induce changes in treatment outcomes (in this case, self-reported
mesures of depression and pain), which are not reversed by LF-rTMS, revealing
different pathways for learning and expecting induced placebo analgesia (PA). The
second study was designed to assess differences in PA response between chronic back
pain (CBP) patients and healthy controls (HC), in order to evaluate whether neuroplastic
changes induced by chronic pain can interfere with the PA response. For this purpose, a
response conditioning paradigm was employed, adding experiment settings (in this
case, hospital setting and an allegedly analgesic cream formulation) to enrich
associative cues. The results indicate that CBP patients benefit from PA, but their
response is reduced compared to HC. Furthermore, their brain dynamics during
expectancy and pain processing are different, showing alpha desynchronization during
anticipation and alpha synchronization in frontal cortex during painful stimulation.
Findings from the present thesis suggest the existence of neuroplastic changes

associated with chronic pain, which interfere with treatment outcomes. The results of
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both studies have relevant clinical implications showing that patients can benefit from PA

mechanisms to enhance efficiency of clinical therapy.
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RESUM

El principal objectiu de la present tesi és comprendre de forma més extensa els
mecanismes descendents d’inhibicié del dolor, aixi com esbrinar com I'aprenentatge i
les expectatives poden interferir en els resultats dels tractaments dels pacients amb
dolor cronic. Per aquest fi, s’han portat a terme dos experiments. Al primer
experiment,es va realitzar un assaig clinic aleatoritzat per avaluar l'efectivitat de
l'estimulacié magnética transcranial de baixa frequéncia (LF-rTMS) sobre I'escorga
dorsolateral prefrontal dret (rDLPFC) en pacients amb depressié major (MD) i pacients
amb fibromialgia i depressié major (FMD). Mitjancant electroencefalografia (EEG), es
realitzaren mesures d’asimetria cerebral de la banda alfa pre- i post-tractament per
avaluar els resultats. A més, aquest estudi va ser util per observar I'efecte de les
expectatives positives induides de forma verbal en el curs d'un assaig clinic. Els
resultats de I'estudi porten a la conclusié de qué la LF-rTMS aplicada al rDLPFC no és
una terapia efectiva pel tractament del dolor cronic, i no promou cap canvi en termes
d’asimetria cerebral de la banda alfa en pacients amb FMD. Aixi mateix, es va observar
que les expectatives induides de forma verbal pel facultatiu poden promoure canvis en
els resultats dels tractaments (en aquest cas, autoinformes de depressié i dolor), els
quals no es reverteixen mitjangant LF-rTMS, revelant diferents vies per I'analgésia per
placebo (PA) induida per aprenentatge o expectatives. El segon estudi va ser dissenyat
per analitzar les diferencies en la resposta de PA entre pacients amb dolor cronic
d’esquena (CBP) i subjectes sans (HC), i aixi avaluar si els canvis neuroplastics induits
pel dolor cronic poden interferir en la resposta de PA. Amb aquest fi, va ser dissenyat un
paradigma de condicionament de resposta on es va afegir un context experimental
enriquit amb variables associatives (en aquest cas, ambient hospitalari i formulacié
d’'una crema suposadament analgésica). Els resultats indiquen que els pacients amb
CBP es beneficien de la PA, perd les seves respostes estan reduides respecte als HC.
A més, les seves dinamiques cerebrals van ser diferents tant durant el processament de
les expectatives com del dolor, mostrant desincronitzacié d’alfa durant I'anticipacié i

sincronitzacidé d’alfa al cortex frontal durant I'estimulacié dolorosa. Les troballes de la
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present tesi suggereixen I'existencia de canvis neuroplastics associats al dolor cronic
que interfereixen amb els resultats dels tractaments. Els resultats d’ambdos estudis
tenen implicacions cliniques rellevants, donat que es mostra que els pacients amb dolor
cronic es poden beneficiar dels mecanismes de la PA per augmentar I'eficacia de les

terapies cliniques.
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RESUMEN

El principal objetivo de la presente tesis es comprender de forma mas extensa los
mecanismos descendentes de inhibicion del dolor, asi como averiguar cémo el
aprendizaje y las expectativas pueden interferir en los resultados de los tratamientos de
los pacientes con dolor crénico. Para este fin, se han llevado a cabo dos experimentos.
En el primer experimento, se realizé un ensayo clinico aleatorizado, para evaluar la
efectividad de la estimulacién magnética transcraneal de baja frecuencia (LF-rTMS),
sobre el cortex dorsolateral prefrontal derecho (rDLPFC), en pacientes con depresion
mayor (MD) y pacientes de fibromialgia con depresion mayor (FMD). Mediante
electroencefalografia (EEG), se realizaron medidas de asimetria cerebral de la banda
alfa pre- y post-tratamiento para evaluar los resultados. Ademas, este estudio fue util
para observar el efecto de las expectativas positivas inducidas de forma verbal durante
un ensayo clinico. Los resultados del estudio conducen a la conclusién de que la LF-
rTMS aplicada en rDLPFC no es una terapia efectiva en el manejo del dolor crénico, y
no promueve ningun cambio en términos de asimetria cerebral de la banda alfa en
pacientes con FMD. Asimismo, se observé que las expectativas inducidas de forma
verbal por el facultativo pueden generar cambios en los resultados de los tratamientos
(en este caso, autoinformes de depresion y dolor), los cuales no se revierten mediante
LF-rTMS, revelando vias distintas para la analgesia por placebo (PA) inducida por
aprendizaje o expectativas. El segundo estudio fue disefiado para analizar las
diferencias en la respuesta de PA entre pacientes con dolor cronico de espalda (CBP) y
sujetos sanos (HC), y de este modo evaluar si los cambios neuroplasticos inducidos por
el dolor crénico pueden interferir en la respuesta de PA. Con este fin, fue disefiado un
paradigma de condicionamiento de respuesta, donde se afadid un contexto
experimental enriquecido con variables asociativas (en este caso, ambiente hospitalario
y formulacion de una crema supuestamente analgésica). Los resultados indican que los
pacientes con CBP se benefician de la PA, pero sus respuestas estan reducidas
respecto a los HC. Ademas, sus dinamicas cerebrales fueron diferentes tanto durante el

procesamiento de las expectativas como del dolor, mostrando desincronizacion de alfa
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durante la anticipacién y sincronizacién de alfa en el coértex frontal durante la
estimulacion dolorosa. Los hallazgos de la presente tesis sugieren la existencia de
cambios neuroplasticos asociados al dolor crénico que interfieren con los resultados de
los tratamientos. Los resultados de ambos estudios tienen implicaciones clinicas
relevantes, ya que se muestra que los pacientes con dolor crénico se pueden beneficiar

de los mecanismos de la PA para aumentar la eficacia de las terapias clinicas.
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1. INTRODUCTION

Pain is a response comprised of physiological, behavioral-motor, and subjective
verbal components. It may have or not a pathological basis, in the way of tissular
change. However, pain will always have physiological antecedents and consequences
(Flor & Hermann, 2004). Several literature suggests that chronic pain changes brain
functionality and morphology (e.g., Apkarian et al., 2004; Baliki et al., 2006, 2011; Flor et
al.,, 1987). These changes are mediated by neuroplasticity, which is a main feature of

the central nervous system (CNS).

Repetitive transcranial magnetic stimulation (rTMS) is a method relaying in
neuroplastic mechanisms, which may be used as a therapeutic tool in pain
management. The rTMS may either excite or inhibit selected areas in the brain
modifying intracortical excitability, and activate or inhibit distant brain areas by functional
connections (Kobayashi & Pascual-Leone, 2003). The rTMS has been proved as an
effective technique for depression and pain relief in chronic pain patients (Khedr et al.,
2005; Mhalla et al., 2011; Passard et al., 2007). However, the impact achieved on pain is
somewhat low (pain scores decreased by 20-45%), and it is too short compared to the
duration of chronic pain (Lefaucheur, 2006). Indeed, long term effects of the therapy
remain to be demonstrated (Yang & Chang, 2020). Moreover, optimal rTMS parameters
(i.e., frequency of stimulation, number of pulses, and coil type) and locations for some
chronic pain patients (e.g., fibromyalgia) are still unclear (Rollnik et al., 2002; Short et
al., 2011). Hence, in the first study of this thesis, we will explore how a rTMS intervention
affects neuroplasticity (in particular, alpha asymmetry), modulating mood and pain

experience (in this case, depressed patients with and without fibromyalgia).

Neuroplasticity also promotes learning leading to actual physical changes. According
to the biopsychosocial model of pain, cognitive factors are important contributors for the
maintenance of chronic pain by the modulation of pain pathways. Learning, in particular

conditioning, seems to modify pain experience either potentiating or inhibiting pain
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perception via neuroplasticity, as well as positive or negative expectations might
modulate pain by activating endogenous inhibitory systems in cortical and spinal areas
(Goffaux et al., 2007, 2009). Two different pain responses, depending mainly on learning
and expectancy mechanisms, are the placebo and nocebo effects. These two effects
have been widely studied in the last years. Nevertheless, little is known about how they
could be interfering in predisposing and maintaining chronic pain. Consequently, in the
second study conducted in the present thesis, we will try to clarify how placebo affects
neuroplasticity (in particular, alpha synchronization and desynchronization) generating
changes in pain experience in chronic pain patients (in this case, chronic low back pain

patients).

1.1. Pain and chronic pain

Pain is an adaptive response to a potential damage, however, this response can
become a chronic syndrome with many implications, as we will discuss in the following

sections.

1.1.1. Pain definitions

The International Association for the Study of Pain (IASP, 1994, pp. 209-214) defines
pain as “An unpleasant sensory and emotional experience associated with, or
resembling that associated with actual or potential tissue damage”. Nevertheless, Turk
and Monarch (2002, p. 7) offered a broader definition. They defined pain as a
“subjective perception resulted from the transduction, transmission, and modulation of
sensory information filtered through a person’s genetics and prior learning history,
besides is modulated by the person’s current physiological status, mood state, and

sociocultural environment”.

Pain is a warning signal, but, what happens when the pain is persistent over the

time? According to Linton (2004), pain could be classified taking into account its
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temporal course: a) acute pain which last for roughly 3 weeks (during this time the
patient believe that the situation is controllable, although is escorted by psychological
stress); b) subacute pain, which last for 3 to 12 weeks (pain is variable in intensity and
patients may drop off the medication and begin to feel depressive symptoms); c) chronic
pain, which is used to denote persistent pain for more than 3 months (in this moment,
the patient could lose control over his/her pain, and their life changes into the “sick

role”).

Chronic pain is a disease itself, where the continuous search of relief may lead to
negative feelings as helplessness, hopelessness, and demoralization (Turk & Monarch,
2002). In addition, chronic pain is often accompanied by depression, sleep disturbance,
anxiety, and psychosocial disability (van Hecke et al., 2013). Actually, chronic pain is

considered more than a physical symptom (Turk & Monarch, 2002).

1.1.2. Epidemiology of chronic pain

Chronic pain has become a relevant health problem, showing a prevalence rate of
about 20% of the European population, with associated medical costs estimated around
€200 billion per year (Breivik et al., 2006; Tracey & Bushnell, 2009). About 17.25% of
Spanish inhabitants suffer persistent pain (see Table 1), wherein back pain is leading the
ranking with the 60.53% of the pain population, followed by joint pain in the 40.21% (see
Figure 1). In Spain, patients suffering from moderate pain take more drugs daily than
patients with severe pain (68.62% vs. 15.26%), and only 48.78% of the pain patients
have prescriptions for pain medications (National Health and Wellness Survey [NHWS],
2010, extracted from Langley et al., 2011). Despite of the high prevalence of pain within
the population, numbers reflect that the adherence to the medical treatment is not fully

working.
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Table 1. Prevalence of Pain by Severity and Frequency in Spanish Population

Frequency of Severe pain | Moderate pain Mild pain ';I:;ﬁll ;?:r“
pain reported (%) (%) (%) (%)
Daily 1.63 4.90 6.95
4-6 times a week -—- 1.57 2.20
2-3 times a week - 2.21 - 3.06
Weekly or less - 2.39 2.49 5.04
Total pain
population (million) 2.02 (0.71) 11.07 (3.92) 4.16 (1.47) 17.25 (6.10)
Distribution within
the pain population 11.69 64.17 24.14 100.00

---, Sample size too small to project to total population (n<30)

Note. NHWS, 2010 (from Langley et al., 2011, p.372).

Figure 1.

Conditions Causing Pain in Spanish Population
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Note. NHWS, 2010 (adapted from Langley et al., 2011, p.373).

1.1.3. Chronic pain classifications

Classifications of chronic pain syndromes could help to improve diagnose and
treatments. For instance, Merskey and Bogduk (1994) created an axial system to

provide a more systematic organization of chronic pain syndromes according to five
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axes within the IASP: axis | concerned regions, axis |l classify by systems involved, axis
lll pain episode, axis IV severity or chronicity, and axis V mechanisms involved (see
Annex |, Table 1). Within these axes it is possible to classify chronic pain states into a
general taxonomy of pain syndromes. According to IASP, there exist 32 chronic pain
syndromes (Annex |, Table 2) sorted by relatively generalized syndromes, relatively
localized syndromes (head and neck), spinal pain (spinal and radicular; cervical and
thoracic), local syndromes of the upper limbs and relatively generalized, visceral and
other syndromes of the trunk apart from spinal and radicular pain, spinal pain (spinal
and radicular pain syndromes; lumbar, sacral and coccygeal), and local syndromes of

the lower limbs.

For this thesis, some studies were conducted with patients suffering musculoskeletal
pain, specifically chronic back pain (CBP) and fibromyalgia (FM). According to the
mentioned axial system created by the IASP, CBP is classified in the spinal pain (spinal
and radicular pain syndromes) lumbar, sacral and coccygeal group. CBP concerns to
pain referred in the back derived from different etiologies (e.g., disc herniation,
mechanical influences, neuropathic pain, central pain), and maintained for more than 3
months, even after the initial cause has been solved. In addition to the physical
symptoms, several studies point out to an abnormal brain functioning in this group of
patients, in particular in the prefrontal cortex (Apkarian et al., 2004; Baliki et al., 2006)
[Further discussed in next sections]. Concerning FM, it would be included within the
relatively generalized syndrome group. The syndrome of FM constitutes a chronic
musculoskeletal pain disorder characterized by widespread lowered pain threshold,
fatigue, muscle stiffness, and emotional distress (Wolfe et al., 1990). For the diagnosis
of FM, Wolfe et al. (2010) developed three diagnostic criteria: (1) widespread pain index
> 7 and symptom severity scale score = 5; (2) persistence of symptoms at similar level
for at least three months; (3) the pain cannot be explained by other disorder.

Furthermore, pain and depression have a high comorbidity (Romano & Turner, 1985).
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1.2. Understanding pain

In order to understand the studies of the present thesis, which are both relying on
neuroplastic mechanisms, we consider mandatory to explain, in detail, brain networks
and structures involved in pain perception. Pain is a multidimensional experience,
interrelating physical, psychological and social features. Pain is differentiated from
nociception, which is the physical nerve stimulation that conducts information about the
noxious stimulus. For a better understanding of the pain experience and the transition
from acute to chronic pain, the present section will describe biological processes
involved in nociception. Finally, biological and psychological factors involved in the
maintenance of chronic pain will be discussed within the framework of the

biopsychosocial model of pain.

1.2.1. Neurophysiology and neuroanatomy of pain

Pain usually begins with a noxious stimulation that may be mechanical, heat, cold, or
chemical. The source of the stimulation can be internal referred to as visceral pain, or

external, coming from skin and deeper tissues, referred to as somatic pain.

1.2.1.1. Nociceptors. Nociceptor is the name given to a special type of receptors that
initiate pain. Nociceptors information’s flow is bidirectional, because of the primary
afferent fibers morphology, where central and peripheral terminals emerge from a
common axonal stalk, called pseudo-unipolar (Basbaum et al., 2009). Even though only
peripheral terminal can respond to external stimuli, peripheral and central terminals may
host endogenous molecules (e.g., lipids, neurotransmitters, etc.), which regulate
nociceptor’s sensitivity (Basbaum et al., 2009). When mature, nociceptors express
dozens of ion channels and receptors. Indeed, the expression of ion channels is
prepared to respond with high threshold stimulus, differentiating nociceptors from

sensory neurons for its sensory specificity (Woolf & Ma, 2007).
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Nociceptors may be classified by their conduction speed depending on whether they
are attached to C unmyelinated or A myelinated axonal fibers. Small diameter C fibers
transmit second pain, slower information about burning or aching (for review see
Basbaum et al., 2009). C fibers are joined in a net covering a broad area that conducts
poorly localized pain, and they show opioid receptors at their terminals that can be
activated by inflammation (Basbaum et al., 2009; Swieboda et al., 2013). Most of the C
nociceptors are polymodal; it means that they respond to heat or mechanical stimuli.
The so-called silent nociceptors respond to heat, but do not respond to mechanical
stimuli; however, they can develop mechanical sensitivity in the surroundings of the
injury, and are more responsive to chemicals (Basbaum et al., 2009). Ad are medium
diameter myelinated fibers that conduct the fast response to pain. These fibers do not
have practically opioid receptors in their terminals, and they produce sharp and first
localized pain. Ad nociceptors are divided into type | (high threshold mechanical
nociceptors) and type Il nociceptors (lower thermal threshold and very high mechanical

threshold) (Basbaum et al., 2009).

1.2.1.2. Pathways and structures of pain and nociception. When the nociceptors’
terminals are stimulated enough, nociceptors activate the fibers, which then transduce
the information to the dorsal horn of the spinal cord. There, through the spinothalamic
tract of the spinal cord, information arrives to the thalamus, also known as the sensory
“relay station”, right to the ventral posterior lateral and the ventromedial nuclei. From
thalamus, stimuli continue over various cortical and subcortical regions, including,
periaqueductal grey matter (PAG), primary and secondary somatosensory cortices (Sl
and SllI, respectively), insula, anterior cingulate cortex (ACC), and prefrontal cortex
(PFC). These structures taken all together are the so-called “pain matrix” (Apkarian et
al., 2005). Other brain regions have been also involved in pain perception, however it
seems to be depending on individual differences (cerebellum, amygdala (AMG), basal
ganglia, hippocampus and areas from parietal and temporal cortices) (Tracey & Mantyh,
2007). It has been revealed that sensorial aspects of pain perception are located in the

lateral nociceptive system (lateral thalamus, and Sl and Sll), affective components are
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associated to the medial nociceptive system (insula, medial thalamic nuclei, and ACC),
and the cognitive and behavioral components are located in the PFC (Geuze et al.,
2007). Further studies show activations during experimental tonic noxious stimuli in
thalamus, basal ganglia, posterior parietal cortex (BA 5/7) and inferior (BA 39/40),
striatum, cerebellum, PAG, and supplementary motor area (SMA) (i.e., Peyron et al.,
2000). In this line, it has been suggested that central pain emerges from two parallel
systems, lateral (sensory discriminatory) and medial (affective-cognitive evaluation)

(Apkarian et al., 2005; Tracey & Mantyh, 2007).

While the above-mentioned pathways are involved in the ascending path of
nociceptive information, the endogenous inhibiting path forms the descending
projections. By the descending pain modulatory system, the brain actively regulates the
neural transmission. This system is constituted by ACC, AMG, PFC, insula,
hypothalamus, PAG, dorsolateral pons/tegmentum, and rostral ventromedial medulla
(Tracey & Mantyh, 2007) (see Figure 2). The activity of these structures modulates pain
perception via its projections to interneurons of the dorsal horn that may inhibit or
potentiate the incoming stimuli, exerting influence over the noxious input from the spinal
cord (Garland, 2012). This descending system can influence pain processing either
facilitating or inhibiting the noxious information. In animal experiments, it has been
pointed out that electric stimulation of the PAG may exert analgesic effects, whereas
stimulation of the rostral ventromedial medulla enhances nociception (see Garland,
2012). Additionally, human studies using functional magnetic resonance imaging (fMRI)
have revealed that the descending pathway is the main route to influence pain
perception by cognitive and contextual experiences, by the involvement of frontal and

limbic regions (Tracey, 2010).
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Figure 2.
Neuroanatomy of Pain Processing
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(Tracey and Mantyh, 2007, p. 379).

1.2.1.3. Pain and neuroplasticity. Plasticity is an intrinsic property of the nervous
system, that remains along the whole lifespan, and implies modifications in function and
structure environment-dependent (Pascual-Leone et al., 2005). Indeed, plasticity is
crucial to the creation and maintenance of brain circuits beneficial to the subject (e.qg,
learning adaptations after injury), however is also involved in the symptoms of the
disease (Pascual-Leone et al., 2011). This property is needed to explain and understand

the manifestations or consequences of a disease (Pascual-Leone et al., 2005).

Pain is a result of the involvement of highly plastic molecules and circuits. Indeed,
plasticity is also a key property of the nociceptive system, which has the ability to
change in experience-dependent manner (Basbaum et al., 2009; Luo et al., 2014). Two
conditions that illustrate activity-dependent plasticity of the nociceptor are the peripheral

and central sensitization. In peripheral sensitization, the stimulus is an aggregate of
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inflammatory mediators (inflammatory soup) released from injured and inflammatory
cells that sensitize the nociceptor by reducing the threshold only in the injured area,
generating primary hyperalgesia (increased pain response in the injured vicinity
provoked by a stimulus that causes pain). Central sensitization refers to the
hyperexcitability state generated in the CNS, where an increased synaptic function of
neurons in the spinal dorsal horn leads to increased nociceptive information (Woolf,
1983; Woolf, 2011). Central sensitization was demonstrated in an early study (Woolf,
1983). The author pointed out how peripheral injury generated afferent activity, leading
to an increase in the excitability of neurons within the dorsal horn. In the experiment it
was observed that brief low frequency (of 10-20 seconds of duration approximately, and
1-10 Hz) bursts of action potentials, produced by electrical activation of the nociceptors,
enhanced synaptic efficacy in nociceptive neurons of the dorsal horn. He could show in
this experiment, and later on, that this sensitization lasted for several minutes after the
conditioned stimulus finish, or just a low level of stimulation of nociceptor to abide
stimulated is needed (Woolf, 1983, 2011). Several mechanisms have been involved in
central sensitization: alteration in glutamatergic neurotransmission/NMDA receptor-
mediated hypersensitivity, loss of tonic inhibitory controls (desinhibition), and glial-
neuronal interactions (Basbaum et al., 2009). One theory postulates that most of the
synaptic inputs to neurons of the dorsal horn are subthreshold (see Woolf, 2011).
However if the gain of neurons is increased, they can now become activated by low
threshold innocuous stimulus. In this manner, CNS may change pain qualities in such a
way that no longer represents the qualities of the given noxious stimulus, but indeed the

“particular functional states of circuits in the CNS” (Woolf, 2011, p. 4).

To explain the phenomena of allodynia (pain induced by innocuous or non-painful
stimuli), or secondary hyperalgesia (increased pain sensitivity in the surrounding of the
injured area or far from it) (Figure 3) present in the maijority of patients with chronic pain
(Loh & Nathan, 1978; Woolf & Ma, 2007; Woolf, 2011), numerous studies have signaled
the implication of central sensitization (for review see Woolf, 2011). Central sensitization

is, nowadays, one of the most studied possible causes for the maintenance of pain
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states, and also a therapeutic target (Woolf, 2011). In fact, experiments on animals and
humans (healthy or with chronic pain) support the hypothesis that an altered CNS
processing could be the basis of hyperalgesia and allodynia, initiated by nociceptor input

and maintained by this input and also a non-painful input (Moriwaki & Yuge, 1999).

Figure 3.

Schematic Representation of Hyperalgesia and Allodynia in Central Sensitization
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Note. In the upper image, it is observed noxious stimulus stimulating nociceptor terminal, and
how the thin unmyelinated C fiber conducts noxious amplified stimulus. The image below
represents subliminal inputs or non-painful stimuli that can now activate the pain circuit because

of the activity-dependent synaptic plasticity (Woolf, 2011, p. 31).

1.2.2. Pain is more than nociceptors: the biopsychosocial model of pain

Several models have tried to explain the perception and chronification of pain states.
However, in contrast to previous models, such as the biomedical model, the
biopsychosocial model added more subjective, social, and psychological components to
the disease. The focus of the biopsychosocial model is the interaction between
subjective experience (iliness), and the objective physiological event (disease). Indeed,
the biopsychosocial model change around the emphasis from pathophysiology related to

the nociception to value patient’s cognitive and emotional state (Meints and Edwards,
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2018). In this line, illness is derived from the interaction of physiological, psychological
and social factors (Gatchel et al., 2007). Indeed, in 1948 the World Health Organization
(WHO) defines health as: "a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity”. The biopsychosocial model will
explain the illness, proposing three dimensions: distress, illness behavior, and the sick
role. Within the pain field, it can be explained in the same terms: nociception refers to
the nerve stimulation that conducts information about the noxious stimulation, and the
potential tissue damage; and pain, as defined above, is the subjective perception

derived from the sensory information (Gatchel et al., 2007).

Defining pain as a subjective experience implies the featuring of physiological,
psychological, and social components that may influence pain perception. Flor &
Birbaumer (1994) and Flor (2000) argued that exist ongoing interactions between these
components. For instance, psychological factors can influence the evaluation and
perception of physiological inputs, besides social factors lead to behavioral responses
adapted to the perceptions of the own physical perturbation, just as the biology may be
altered by psychological factors and behavior (e.g., hormone production, autonomic
system, brain structure and function) (Turk & Monarch, 2002). The model proposes that
disease evolution is accompanied by a weigh shift of the different components (Turk &
Monarch, 2002). For instance, during acute pain, biological factors may be the most
predominant aspects involved in pain perception, whereas in the time course of the
disease, psychological and social factors take control over pain and disability (Turk &
Monarch, 2002). Moreover, the shift on weights of the components could explain part of
the variability in pain responses though subjects hence, the response to similar physical
pathology can differ from one individual to other. In that way, the identified physical
perturbation not always predicts the pain experience, psychological distress or level of

disability.

According to Flor and Hermann (2004), the psychobiological model of chronic pain

has some basic components interlinked (see Figure 4):
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a) Predisposing factors or diathesis. It is postulated that exist preconditioning
factors for the development of chronic pain syndromes. This predisposition is
based in reduced thresholds to pain that may be related to genetic variables,
trauma history, or prior learning. The result is a stereotypical response pattern to
pain within the individual.

b) Eliciting stimuli. Noxious stimulation or stressors with a negative meaning.
Stressors may act as unconditioned or conditioned stimuli, leading to avoidance.
In this way, stressors can generate pain and pain behavior.

c¢) Eliciting responses. Maladaptive responses may enhance the impact of the
aversive stimuli, and they are very influenced by cognitive processing of the stimuli
(either internal or external). The copy responses to pain may modulate pain
perception and hence contribute to chronic pain.

d) Maintaining process. Learning plays an important role in the maintenance of
pain states. Learning could generate strong pain memories by interactions with
unconditioned stimuli. Furthermore, these memories act as conditioned stimuli
maintaining pain perception, even when the disease is solved. Learning processes
may appear as respondent conditioning, observational learning, and operant

learning.

Figure 4.

Psychobiological model of chronic pain
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In this model, the focus is the interplay between different components, as genetic or
acquired predisposition, and eliciting stimuli and response. It is also theorized how
learning processes may contribute to the development and chronicity of pain by

enhancing pain memories.

Within the proposed components, it is possible to observe that psychological factors
have an important weigh for pain maintenance. For instance, a study from Nieto et al.
(2012) pointed out that changes in psychosocial factors predicted changes in pain
experience and adjustment in patients with muscular dystrophy. Also learning occurs in
physiological mechanisms, and these mechanisms may be modified by behavioral and
subjective changes (Flor & Birbaumer, 1994; Flor, 2000). A fact that supports the need of

psychological factors to explain pain response is the placebo and nocebo effects, that
may be caused by expectations and learning (Colloca, 2014), as will be discussed

below. Early studies observed that patients without any physiological basis for their
symptoms, when treated with any therapy not related to the source of the disease, they
reported a significant improvement in their symptoms (Fitzpatrick et al., 1983; Greene &
Laskin, 1974). In next paragraphs, will be summarized some of the studies involving

psychological features related to pain, cognition and emotion.

1.2.2.1. Cognitive factors. Attitudes, previous experiences about disease, beliefs,
coping resources, learning history, and expectancies may affect pain reports and
treatment response (Turk & Monarch, 2002). Cognitive factors are theorized to affect
functioning by influencing mood, and secondarily by influencing coping efforts, affecting
to muscle tension and opioid secretion (Flor et al., 1985; Bandura et al., 1987; in Turk &
Monarch, 2002). Indeed, psychological factors modulate activity in brain areas related

with descending pain inhibition (Goffaux et al., 2007).

Learning represents a main feature in the predisposing and maintaining processes of
pain (Flor & Hermann, 2004). Indeed, pain perception may be influenced by learned

responses based in social or cultural transmissions of beliefs and expectations. Thus,
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different types of learning that may be modulating pain response exist, and they are
contributing for the maintenance of persistent pain, such as social, operant, and
respondent learning. In observational social learning, individuals learn to respond to pain
by observing others how to behave in pain situations (e.g., children learn about health
care by observing how do grown-ups behave when they are injured). However, learning

never stops and people can keep learning during their entire lifetime (Bandura, 1969).

Operant learning states that behavior can happen in absence of reinforcement, or be
positively or negatively reinforced. When absence of reinforcement, behavior will
decrease or disappear, whilst a behavior that is positively or negatively reinforced will
persist or increase in the occurrence. Pain behavior can be positively reinforced (e.g.,by
getting attention from the caregiver), and negatively reinforced (e.g., by avoiding
movement of the painful limb). Avoidance acting as a negative reinforcement may
intervene in the acquisition of pain behaviors. Hence, pain patients learn to avoid
situations anticipating pain even when the situation does not implies pain anymore,
because avoidance is very resistant to extinction (Flor & Hermann, 2004). Verbal
expressions of pain and non-verbal behaviors might be also maintaining contingencies
of reinforcement (Fordyce, 1976). In this way, learned behaviors might be maintained
even when the primary cause of pain is resolved or reduced. This assumption was early
proved during several experiments where patients showed different pain levels
depending on their knowledge of the presence or absence of patients’ wife or care
provider (Flor et al., 1987; Knost et al., 1999; Romano et al., 1992). If the wife was
present the reported pain level increased, and as more solicitous the wife was, more
prominent was the effect. The experiment indicated that solicitous wife was acting as a
reinforcer of pain behavior. When brain activity was analyzed, authors observe an
increase in EEG power when pain was induced in the presence of the wife (Flor et al.,

1987; Knost et al., 1999; Romano et al., 1992).

Respondent learning seems to be also implied in initiating and maintaining pain by

conditioning of pain or stress response (Flor & Hermann, 2004; Tracey & Mantyh, 2007).
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This type of learning may develop over time and anticipation stress, and usually after
operant conditioning (Flor & Hermann, 2004). For example, after injury, avoiding
movement may be useful to heal; however, it can derive in fear of movement. In chronic
pain states, inactivity may derive in increase of muscle weakness and augmented
analgesic medication intake that leads to greater problems (Flor & Hermann, 2004). The
fear leads to anticipatory anxiety, and thus to the avoidance of many activities (and to
the “sick role”). According to brain imaging studies, pain anticipation activates the ACC,
PFC, and the insula (Lorenz et al., 2005; Ploghaus et al., 1999; for review Enck et al.,
2008). In a study from Brown and Jones (2008) it was observed during anticipation of
pain a widespread activation in the pain matrix during early stages, as pain itself does.
Anticipation of pain, besides of generate anxiety and avoidance of activities, may also
exacerbate perceived pain. Anxiety can also predict pain severity and behavior in acute
and persistent pain; in fact, techniques or drugs to reduce anxiety have been successful

in alleviating pain (see Ploghaus et al., 2001).

However, conditioning itself cannot explain all the cognitive aspects of pain. Indeed,
other factors have been studied, such as expectations, beliefs, attention and coping
strategies. In fact, beliefs may also alter perception about pain in different ways. When
patients believe that they cannot control the pain or they interpret that pain is going to be
transient, they may become passive in the coping strategies. Also the behavioral beliefs
can drive to the “sick role” (e.qg., if a fibromyalgia patient believe that ill people must rest,
and movement worsen the disease, patient will behave following the own belief worsen
pain symptoms due to the inactivity). Also, beliefs about pain (e.g., cause, meaning, etc.)
and negative expectations are associated with perception of lacking self-efficacy (Bass,
2009) and increase of pain perception via potentiation of emotional reactivity (Vlaeyen &
Linton, 2000). In fact, the personal conviction of self-efficacy appears to be a main
mediator of therapeutic change (Bass, 2009). It was also found that beliefs about
emotional distress provoked by pain may predict the level of pain that can be modulated
by anticipatory cues, and this was related to activations in right anterior insula (Brown et

al., 2009). Moreover, attitudes and beliefs about present pain are shown as predictors of
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people with more chances to develop chronic pain (see van Hecke et al., 2013).
Catastrophizing is the belief of negative outcomes, misinterpreting situations as
exceedingly negative, and it is a potent cognitive error influencing in pain and disability.
Pain catastrophizing is a cognitive construct that has been widely related to pain
magnification, and seem to be independent of depression. This construct has been
related to increase in pain intensity and with mental health (Nieto et al., 2012), enhanced
activity of pain anticipation, attention to pain, emotional aspects of pain and motor
control related areas (see Tracey & Manyth, 2007). Likewise, positive expectancy seem
to be related to enhanced feelings of control, use of active coping strategies and better
functional performance, it also appear as a protective factor in the transition form acute

to chronic pain (Meints & Edwards, 2018).

Attention is also a cognitive function that has been widely studied within the pain
field. Indeed, its automatic processes are suggested to be in the basis for
hypervigilance, which is defined as an enhanced attention to pain-related threats
(Crombez et al., 2005). In healthy volunteers, it was found distraction of pain results in

pain mitigation (Dunckley et al., 2007), whereas increased pain sensation was observed

during focused attention to pain (Quevedo & Coghill, 2007). Kdbor et al. (2009) studied
the effect of distraction in secondary hyperalgesia induced by capsaicin in healthy
subjects showing that attention is modulating pain intensity by reducing perceived pain.
However, the effect of distraction on pain minimizes or even may reverse, if the pain
lasts longer and has higher intensities (see Snijders et al., 2010). Several studies with
chronic pain patients reveal attentional impairments. For instance, a study form Snijders
et al. (2010) with unexplained chronic pain patients revealed that patients, unlike healthy
subjects, did not feel pain reduction while distraction. According to Apkarian et al.
(2005), attentional modulation seem to be localized in the dorsolateral prefrontal cortex
(DLPFC), and this region uses to appear more activated in chronic pain patients. One
study that was conducted to assess differences in pain processing and attention for
visceral and somatic pain, revealed activation in the right DLPFC, positively correlated

with somatic but not visceral pain (Dunckley et al., 2007).
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Coping strategies are the different ways in which people deal with pain to minimize
distress caused by pain. Passive coping strategies have been related to greater pain
and depression (Nicassio et al., 1995; Smith et al., 2002), whereas active coping
strategies have been associated to the improvement of pain and depression symptoms
in patients with myofascial pain (Smith et al.,, 2002). Some authors state that active
coping strategies affects pain perception via positive mood (Esteve et al., 2007). In this
line, some authors have studied brain connectivity following cognitive behavioral therapy
(CBT) (Shpaner et al., 2014), revealing that the intervention generated alterations in
intrinsic functional connectivity among networks related with chronic pain (motor,
affective, perceptual, default mode and striatal circuits); in fact, the greater the change,
the greater the pain reduction. Moreover, the CBT group showed lower passive coping

strategies.

1.2.2.2. Emotional factors. Negative emotions cope the affective components of
pain maintenance. Indeed, depression presents high comorbidity in pain conditions
(Romano & Turner, 1985). The cortico-limbic pathway (associated to emotions) plays a
role in pain processing, because it is proposed that may integrate sensory pain with
information from other sensory systems, learning, memory, and attention (Wagner et al.,

2009).

Emotions and mood have show up as important features in pain processing. Montoya
and Sitges (2006) found that emotions could modulate early somatosensory information,
as unpleasant context induced a reduction in the somatosensory P50 component; the
results were interpreted as reflection of the filtering of motivationally relevant information
allowed by initial sensory gating. Several studies have proved that the induction of
negative mood in healthy subjects may lead to a decrease in pain tolerance and
increase of catastrophizing scores (see Wagner et al., 2009). These authors suggest
that this effect could be mediated by attentional processes, because of the bilateral
activation of the thalamus during sad-mood; bilateral activation of thalamus is involved in

cognitive tasks via interactions with executive functions (Wagner et al., 2009). Patients
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with persistent pain seem to be more prone to the effects of negative mood (Apkarian et
al. 2004; Montoya et al., 2005). In this line, one study from our group found that
fibromyalgia patients increased their pain ratings after viewing images that induce
negative mood; the effect was mirrored in increased the P50 somatosensory component
(Montoya et al., 2005). Besides, this effect was also present when tactile stimulation was
applied, and localized over the Sl. Authors suggested plasticity mechanisms on cortical
reorganization, explained via cortical hyperexcitability (Montoya et al., 2005). Sitges et
al. (2007) also conducted a self-referent information-processing task, and showed that
chronic pain patients assign themselves more negative words related to illness and
fewer pleasant words, and also respond slower in the presence of affective and sensory
pain descriptors. The authors argued that in chronic pain patients could exist a negative

bias, marked by an exaggerated rumination over the word meaning.

Despite of chronic pain has high comorbidity with depressive disorders the
relationship between them remain unknown (Tracey & Manyth, 2007). Oftentimes,
emotional impairments are explained as consequence of chronic pain syndromes;
nevertheless, prospective studies reveal that pre-morbid disfunction is a risk factor for
the development o a myriad of pain conditions (see Meints & Edwards, 2018). In
addition, Lerman et al. (2015) found that negative affects like anxiety and depression
longitudinally predict pain and its related disability, but it did not predict in turn
depression or anxiety. Bar et al. (2007) found increased pain tolerance in depressive
patients related to hyperactivity in PFC and contra-ventrolateral thalamus interpreted as
enhanced top-down suppression of nociception. However, neuroimaging studies show
prefrontal impairments and emotion regulation dysfunction during pain (see van Hecke

et al., 2013).

Fear and anxiety have been also involved in pain modulation. Fear refers to a
reaction to a present threat, and puts the organism on movement (fight or escape);
whereas anxiety is a future-oriented, emotion results in an increase of sensory

receptivity, negative affect and anticipation of potential threats (Rhudy & Meagher,
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2000). Authors suggest that the different emotional consequences derived from fear and
anxiety may be modulating the divergences in the pain response. Moreover, these
emotions depend upon the same neural circuit, because when the activation is intense
humans react with fear and analgesia, but when this activation is moderate the response
is anxiety and hyperalgesia (Rhudy & Meagher, 2000). Fear of pain is reflected in the
activation of ventral-medial PFC (Tracey, 2010). Nevertheless, the failure in PFC
activation leads to anxiety and to an overgeneralization of stimulus, which can worsen
pain condition by means of the activation of the hippocampus (for review see Tracey,
2010). According to Ploghaus et al. (2001), pain anxiety may increase pain perception
via activations in the hippocampus (specifically, in the entorhinal cortex). Actually, the
famous patient H.M. who suffered bilateral hippocampectomy referred also problems in

pain perception (see Ploghaus et al., 2001).

1.3. Pain control

In the Greek times, Platon and Charmides believed that “the individual's beliefs and
expectations can significantly influence the therapeutic benefit and adverse effects of a
pharmacologic (or other specific) treatment for pain” (Bingel, 2014, p. 127), and it seems

that time and science proved they were right.

In the biopsychosocial model of pain it was exposed that learning, expectation, and
emotions might be influencing pain perception probably through the modulatory
descending pain system. Therefore, it is possible to control pain perception without any
pharmacological intervention. In this line, some experiments attempted to stimulate the
brain in different ways to achieve pain control by changing brain excitability, for example
via magnetic fields, so-called transcranial magnetic stimulation (TMS). In fact, rTMS has
been associated with clinical improvements with regard not only to chronic pain, but also
to depression (Hou et al., 2016). Other way to reach, in this case, “self-pain control” is
the placebo analgesia (PA) effect, which is an example of how cognition may affect pain

perception. Supporting this idea, several studies have been conducted (for review see
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Tracey, 2010), revealing interesting results. The implications of PA go far beyond clinical
trials because also affect clinical practice modulating treatment outcomes (Colloca,
2019). In the following sections, we will introduce about the above mentioned
neuroplasticity mechanisms that activate top-down pathways of pain control, starting

with the rTMS.

1.3.1. An example of top-down treatment: the rTMS

The rTMS is a method relaying in neuroplasticity mechanisms. By this non-invasive
technique, a magnetic field pulse penetrates the brain and induces an electric field in the
selected region of the cerebral cortex (Barker et al.,, 1985). This electric field is
propagated over the cortex inducing biological changes by depolarization of cortical
neurons, generating action potentials. The rTMS may either excite or inhibit selected
areas in the brain modifying intracortical excitability, and activate or inhibit distant brain

areas by functional connections (Kobayashi & Pascual-Leone, 2003).

The rTMS has shown a clear effect in the cortico-spinal pathway. The high-frequency
rTMS (HF-rTMS, >1 Hz) produce an increase in excitability that results in involuntary
motor activity; conversely, low-frequency rTMS (LF-rTMS, <1 Hz) leads to inhibitory
changes at the motor cortex (see Atlas et al., 2019; Pascual-Leone et al., 1994;
Wassermann et al.,, 1999). The rTMS has been proved as an effective and safe
technique for depression and pain relief in chronic pain patients (Hou et al., 2016, Khedr
et al., 2005; Mhalla et al., 2011; Passard et al., 2007; Yang & Chang, 2020) relying in the
specific parameters, such as frequency, number of pulses, and stimulation site. In a
recent study, which compares two forms of application of rTMS in depressed patients,
Fitzgerald et al. (2003) conclude that the application of LF-rTMS at the right DLPFC may
be an appropriate initial therapeutic strategy, taking into account the safety, tolerability
and efficacy of the technique; nevertheless, the technic requires its application for four
weeks to demonstrate a clinical improvement. On the other hand, Graff-Guerrero et al.

(2005) have shown that LF-rTMS applied at the right DLPFC increased pain tolerance in
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healthy volunteers. In the case of chronic pain, some authors take into account
parameters to obtain good therapeutic results, such as frequency of stimulation (10-20
Hz), number of pulses (= 1200), and the use of eight-shape coil (focal) (Rollnik et al.,

2002).

Optimal rTMS parameters and locations for different chronic pain syndromes are still
unclear, in particular with FM (Short et al., 2011; Yang & Chang, 2020). Sampson et al.
(2006) applied LF-rTMS over the right DLPFC and showed a reduction in pain ratings in
4 patients with FM, after 20 stimulation sessions. In a replication study by Carretero et
al. (2009), with a bigger sample (n=26), the results were not significant, perhaps
because subjects were provided with fewer pulses per session compared to the study of
Sampson and colleagues (2006). Moreover, LF-rTMS over DLPFC has been also
employed for the study of PA and its hemispheric organization (Krummenacher et al.,
2010). They found that in the real treatment groups, the rTMS did not affect pain,
because it generates a disruption in the PA, blocking the expectation-induced analgesia
by breaking the normal PFC function. In addition, pain ratings were reduced for the
“analgesia-expectation group”. Moreover, in the real rTMS condition with analgesia-
expectation participants they found the treatment less effective than among participants
from the “sham group”. Conversely, Passard et al. (2007) applied 10 sessions of HF-
rTMS in the motor cortex and found a reduction in FM pain that remained significant for
2 weeks. Short et al. (2011) found, in a group of rTMS-naive outpatients with FM, that 10
sessions of HF-rTMS at left prefrontal cortex resulted in statistically significant
reductions in daily pain over time. Similarly, Mhalla et al. (2011) found analgesic effects,
directly correlated with changes in intracortical inhibition, after 14 sessions of HF-rTMS
over the left primary motor cortex, followed by a "maintenance phase" of: 3 sessions a
week, 3 sessions a fortnight, and 3 sessions a month apart. More recently, Atlas et al.
(2019) found physical functioning and depression symptoms improvement after rTMS
treatment, revealing greater improvement in physical role functioning for those who
received HF-rTMS over left DLPFC. Same results collected Philips and coworkers

(2018), who also revealed that patients with depression and comorbid pain could benefit



No Brain No Pain 32

of HF-rTMS over left DLPFC, besides, the higher pain scores the greater the

improvement.

1.3.2. Learning and expecting pain: the placebo analgesia effect

One example of a mechanism that influences pain is the capability to regulate pain
perception via descending modulatory system that can be observed in PA. However, we
still don’t know if this effect could be mediating in pain maintenance. One of the most
prominent paradigms to study the genesis of placebo response in terms of the principles
and mechanisms of learning is the classical conditioning (Colloca, 2014). Nevertheless,
PA constitutes a mixture of conditioning effect, cognitive expectancy, and social cues
(Colloca, 2014; Kong and Benedetti, 2014). A better understanding of placebo
mechanisms may help to elucidate the contribution of learning in pain modulation and

maintenance.

1.3.2.1. Definition of placebo. Placebo is a term derived from the latin, meaning ‘I
will please you”. Within the pain field, placebo analgesia refers to pain reduction after
the administration of a pharmacologically inactive compound instead of an analgesic
treatment (Watson et al., 2007). It represents the combination of conditioning (inflexible,
instinctual and automatic) and cognitive expectancy (flexible and adjustable by context)
(Benedetti et al., 1999, 2003; Kong & Benedetti, 2014; Watson et al., 2007), indicating

top down regulation of pain experience.

1.3.2.2. Neuroanatomy and neuropharmacology of placebo analgesia.
Antinociception exert a powerful descending control of pain, highly necessary in
situations of escape, stress or fear. Besides, descending modulatory system is the
principal pathway for cognitive and contextual features to change pain perception
(Tracey, 2010). Indeed, the pain matrix reveals a decrease in the activation during
analgesia induced by drugs or interventions, and so does in a PA manipulation (Bingel et

al., 2011; Tracey, 2010) (see Figure 5a). Wager et al. (2004) were the first group
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performing fMRI in a PA study to elucidate the relation between the pain matrix and the
PA response. They conducted two experiments using topical creams as placebo and
control. In the first experiment, it was applied painful and non-painful electric shock to
the wrist, and no conditioning was conducted. Participants underwent five blocks of 15
trials that started with a warning cue, which indicate the intensity level (high or medium).
In one-third of the trials, there were no shocks. After the first block, placebo cream was
applied in the stimulation area, and half of participants were told that was an analgesic
cream. After blocks two and three, the cream was removed and applied back, whereas
participants were told that was a control cream (however, it was the same cream). The
second experiment was similar to the first, but it was applied thermal stimulation, and
the cue was the sentence “get ready”. Conditioning was conducted in this experiment by
reducing the temperature to non-painful levels for the placebo condition during the
manipulation phase (i.e., participants were told that stimuli was high, but it was low).
Nevertheless, during the test phase, temperatures were the same in the control and
placebo conditions. Results of the first study indicate an increase of activity of the
DLPFC correlated with a reduction in the activity of some pain-related regions
(contraletral thalamus, anterior insula, rACC) during placebo analgesia response.
Moreover, the magnitude of the decrease in activity of pain-related regions correlates
with reductions in pain ratings. In addition, they found activations of PFC during
expectation of pain relief, in detail the DLPFC and orbitofrontal cortex (OFC). These
activations were correlated with increases around PAG (area with high concentrations of
opioid neurons). Results of the second experiment keep in line with the first experiment:
placebo induced a reduction in pain-related areas, and PFC seems to mediate

anticipation of placebo.

Thereby, PFC has been showed as a key area in PA response (Schultz, 1998;
Wager et al., 2004; Schweinhardt et al., 2009; Tracey, 2010). Indeed, exist a relation
between the magnitude of the placebo-induced analgesia and PFC gray matter density
(Schweinhardt et al., 2009). The activation of PFC during placebo-induced analgesia

appears to be associated to expectations of relief (Petrovic et al., 2010; Schultz, 1998;
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Tracey, 2010) (see Figure 5). However, mechanisms involved in placebo analgesia

response remain unclear (Enck et al., 2008).

Among many authors exist a general agreement on the implication of endogenous
opioids in some types of PA response (Wager et al., 2004, 2007; Zubieta et al., 2005).
This assumption comes from an early study from Levine et al. (1978) in which was
demonstrated that PA can be blocked by naloxone (an opioid antagonist), evidencing the
opioid implication in the PA. Nevertheless, it has been observed that this blocking effect
was body-region specific, implying that the opioid release is directed (Amanzio &
Benedetti, 1999). However, PA does not seem to be framed in one single
neurotransmitter system; research on the field support more complex interactions
between systems. According to Fields and Levine (1984), mechanisms involved in the

placebo response can be divided between opioid and non-opiod components.

Figure 5.

Schematic Illustrations of Endogenous Pain Modulation in Placebo and Nocebo Responses
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(purple) is important for amplifying pain experiences during nocebo or increased anxiety. b) Schematic
illustration indicating where endogenous opioid and dopamine neurotransmission occurs in the human

brain during placebo analgesia. Note the overlap with many of the brain regions involved in cognitive
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modulation of pain, and for some brain regions (nucleus accumbens -NAc-) there is a bidirectional
response of both opioid and dopamine release that produces either placebo (increased release) or

nocebo (decreased release) effects (modified from Tracey, 2010, p. 1279).

To investigate the implication of the opioid system and related structures in PA,
several neuroimaging studies have been carried out. In an attempt to clarify the
mechanisms and neural systems involved in the PA, Bingel et al. (2006) designed an
fMRI study to assess if right ACC interacts with subcortical areas (PAG and AMG) during
PA response. The implication of these structures it was studied because of their
engagement in the endogenous opioid system. Painful stimulation was applied via laser
pulses. Participants were told that they participate in a study to test an analgesic cream.
Besides the induced expectation, subjects were conditioned by reducing laser intensity
in the placebo condition. Researchers found that rACC plays an important role in PA,
and its activity covariate with subcortical structures linked to the antinociceptive network.
These data gives support to the implication of descending pain modulation and the
opioid system in the PA response. Wager et al. (2007) also conducted a positron
emission tomography (PET) study to elucidate the opioid mechanisms underlying PA
and how placebo interacts with opioid at central level. For these purposes, it was used
heat stimulation as painful stimuli. A conditioning procedure was conducted to enhance
the pain relief expectations in the placebo condition. It was observed increases of
activity in opioid rich regions in response to placebo expectancy (PAG, nucleus
cuneiformis, dorsal raphe nucleus, OFC, AMG, two regions of the anterior cingulate
cortex (rACC and pgACC), ventral anterior insula, and thalamus). Authors suggest
several mechanisms how placebo might affect opioid response: (1) by potentiating the
regular opioid release generated by noxious stimulus (in OFC, rACC, nucleus
accumbens, nucleus cuneiformis, dorsal raphe nucleus, ventral tegmental area, right
AMG, and thalamus); (2) reducing anticipatory opioid activity (in lateral PFC, anterior
insula, pregenual ACC, and left AMG). Moreover, in the study it was also possible to
discriminate between placebo responders and non-responders depending on the
magnitude of the opioid response. However, authors suggest that PA could be also

mediated by other non-opioid mechanisms.
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An early study from Amanzio and Benedetti (1999) was aimed to show the existence
of different systems than opioid involved in PA. They made a complex experimental
design of pharmacological conditioning to assess several possible explanations. In this
experiment, ischemic pain was induced by the tourniquet technique, and morphine,
naloxone, saline, or ketorolac (non-opioid painkiller) were administered to healthy
individuals in open-hidden conditions. The results indicate that the only expectation of
relief may induce a placebo response, which can be blocked by naloxone. They could
also observe that morphine conditioning plus expectation generate more robust placebo
responses and is also opioid-dependent. Intriguingly, the condition of ketorolac
conditioning plus expectation generates placebo responses that are partial or completely
insensitive to naloxone, demonstrating a different system involvement than opioid.
These authors argument that the responses induced by PA conditioning rather that be
opioid-dependent, so they are mediated by specific subsystems depending on the drug
employed for the conditioning procedure. The implication of non-opioid mechanisms was
also highlighted by a study from Petrovic et al. (2010). Researchers conducted a PET
study to elucidate differences in opioid analgesia and PA. It was observed that the rACC
was more active during the opioid analgesia than during the PA; however, the OFC was
more activated during the placebo condition. Hence, this study suggests that besides
the implication of the opioid system in PA, other mechanisms may be mediating the

response.

Non-opioid components that have been hypothesized to be involved in PA are
cholecystokinin (CCK), the endogenous cannabinoid system, dopamine (DA) and
reward system (Benedetti et al., 2011; Benedetti & Frisaldi, 2013; Tracey, 2010). CCK
inhibits (antagonizes) the opioid system. In fact, CCK receptors antagonists increase PA
response by enhancing the opioid release, whereas CCK agonists may abolish PA
response under morphine preconditioning (Benedetti & Frisaldi, 2013; Tracey, 2010). On
the other hand, a study from Benedetti et al. (2011) tested the implication of the

cannabinoid receptor CB1 in PA. In the experiment it was performed an opioid and non-
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opioid conditioning with morphine or ketorolac, respectively. The CB1 receptor
antagonist, rimonabant, was administered and blocked the PA response induced by
ketorolac conditioning. However, no effect was observed in the PA response induced by
morphine conditioning. Results point out the implication of the endocannabinoid system
in some kinds of PA. Indeed, CB1 receptors have been found in the striatum, structure
traditionally involved in the DA system (Benedetti & Frisaldi, 2013), so, it may occur a
complex interaction between several neurotransmitter systems (see Enck et al., 2008).
Furthermore, the implication of DA and the reward system has been also studied in PA.
It has been hypothesized that reward expectation (i.e., pain relief) is an important
mechanism in placebo, and it is linked to activation of tegmental or prefrontal DA
neurons. After reward, it also appears DA activation, which is larger when the reward is
uncertain (Enck et al., 2008). One study linking DA with PA was a PET study conducted
on Parkinson’s disease patients (De la Fuente-Fernandez et al., 2002). The study
revealed that PA was associated with a release of DA in the striatum. The study
concludes that PA is mediated by the expectation of reward. Furthermore, an imaging
study with PET and fMRI was done to evaluate the correlation between monetary
reward and PA (Scott el al., 2007). Authors found that both conditions activated
dopaminergic neurons in the nucleus accumbens. In addition, they revealed a
correlation between placebo and monetary responses, when NAc show a great
response to monetary reward so does in the placebo condition. To further investigate DA
implication in PA, a study was run to assess ventral striatum role, and personality
dopamine-related traits in PA response (Schweinhardt et al., 2009). Saline hypertonic
infusion was used to induce muscle pain in healthy volunteers. PA conditioning was
conducted by reducing the saline concentration when placebo cream was applied. The
results indicate that individual differences in the PA response may be predicted by
dopamine-related traits, and the magnitude of the placebo-induced analgesia is related
to gray matter density over PFC and ventral striatum. The authors suggest several
explanations of how DA can contribute to PA (i.e., they expose the DA implication in the

reward system), and its crucial role for the motivational drive to get rewarding stimuli.
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However, DA and opioid systems are not necessarily in conflict. Indeed, a study from
Scott et al. (2008) shows the implication of both systems. A PA neuroimaging study with
PET plus fMRI was conducted with healthy participants. The experiment was designed
to maintain muscle pain, performed via 15 ml bolus of 5% sodium chloride, subjects
rated their pain intensity every 15 seconds. Placebo effect was induced by verbal
suggestions of pain relief, and the placebo was 1 ml of 0,9% isotonic saline solution.
With this experiment was highlighted the involvement of two neurotransmitter system
during placebo administration: mesolimbic dopamine system, involving the activation of
DA receptors in ventral basal ganglia; opioid system involving the rostral and subgenual
ACC, OFC, anterior and posterior insulae, medial thalamus, NAc, AMG, and PAG.
Activation of DA neurotranmission in ventral caudate, ventral putamen, and nucleus
accumbens was positively correlated with expectations of analgesia and the magnitude

of analgesia.

1.3.2.3. Cognitive factors of placebo analgesia. It is assumed that expectations
and learning, are fundamental to placebo response. Indeed, learned prior expectation
and expectations of contextual cues may modify the response to the treatment (Morton
et al., 2010). In fact, studies support the idea that cognitive expectations, in addition to
conditioning and the emotional state, generate neurobiological changes that modify the

pain response, as theorized the biopsychosocial model of pain.

Several studies have also related expectations in PA with the activation of prefrontal
areas. For instance, Petrovic et al. (2010) suggest that prefrontal implications in PA,
rather than opioid implication, might be more related to the expectation or a relative
reward (i.e., pain relief). Moreover they added that the discrepancy between the
expected stimuli and received stimulation (i.e., error signal) is also related to PFC
activation. Expectations of relief has been also related to ACC (Bingel et al., 2006;
Lorenz et al., 2005). It seems that ACC activity covariates with subcortical structures

linked to antinociceptive network, associating expectations with endogenous pain control
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(Bingel et al., 2006). Moreover, activity of ACC was enhanced after painful stimulation

indicated by certain cues (Lorenz et al., 2005).

In this line, Goffaux et al. (2007, 2009) conducted two studies in order to clarify the
neural mechanisms involved in PA response related to expectation. The first of them
was performed with healthy subjects, and the second one with FM patients. Subjects in
both studies undergo through an experiment in which expectations regarding the
analgesic effect of immersing their right arm in water were altered, by saying them either
that it would generate hyperalgesia or analgesia to the electrical stimulation that they will
receive (to the sural nerve). EEG measures were acquired for the analyses of brain
responses. Authors observe that expectations modify the activation of endogenous pain
inhibitory systems which affect spinal and cortical pain responses. Indeed, negative
expectations blocked the normal endogenous analgesic processes produced by the
diffuse noxious inhibitory control (DNIC). However, they conclude that part of the
expectation effect is mediated not only by spinal mechanisms, but also by cortical
locations; in particular P260 reveal that ACC, which is functionally connected with
DLPFC, may be by facilitating the integration and interpretations of sensory information

based on expectations.

Conditioning has been recognized as crucial to generate a strong PA response.
Nevertheless, there are not a dichotomy between conditioning and expectations,
because conditioning implies processing of information in which the individual expects a
future event and may be conscious or unconscious (Colloca, 2014). Indeed, according
to this author, learning can be understood as a process that generates expectations and
conditioned responses. Mechanisms involved in PA have been explained from learning
theories as classic conditioning, where repeated associations generate this response
(Amanzio & Benedetti, 1999). In this sense, all the stimuli associated to the efficacy of
the treatment may become conditioned stimuli because of the repeated association
(Colloca, 2014). Several ways of conditioning procedures have been used to investigate

placebo responses. Studies that performed pharmacological conditioning (conditioning
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with drugs, as previously described) expose that the derived learned responses show
specific effects depending on the drug (e.g., Amanzio & Benedetti, 1999). Non-
pharmacological conditioning procedures are based in the previous experience of pain
relief. So, in these studies noxious stimulation is reduced in presence of placebo (e.g.,
Wager et al., 2004). This kind of procedure generates more robust placebo responses
than expectation induction alone (Colloca and Benedetti, 2006; Vase et al., 2002). As
above mentioned, pain responses may be learned from others (Bandura, 1969), and so
it happens with placebo responses (Colloca & Benedetti, 2009). In this case, studies
indicate that empathy could be facilitating observational learning of placebo responses
(Colloca & Benedetti, 2009; Hunter et al., 2013). By any of the proposed ways of
conditioning, learning mechanisms have been proved as a main mediator in placebo

responses (Colloca, 2014).

Prior experiences and likelihood of positive outcomes influence expectations , which
may be induced by explicit suggestions of positive outcomes or by implicit subject’s
previous experience (Colloca, 2014). In this line, Lorenz et al. (2005) conducted a study
to investigate how false expectations may modulate pain response. Researchers used
measures of EEG and magnetoencephalography (MEG) to analyze event-related
potentials (ERPs) and source localization. Authors examined the role of Sll and ACC on
expectancy of certain and uncertain cues of stimulus intensity. For this aim, it was
applied two different intensities laser stimuli to healthy volunteers and signals were
recorded by 31-channel MEG and 32-channel for the EEG. In the experimental
paradigm, before the stimulation an informative cue about the pain intensity appeared,
but 20% of the cues were false. The results indicate that false expectations of low
intensity generate lower pain scores, and false expectation of higher temperature
generates more elevated pain scores. They further found that MEG potentials generated
in SII were increased in high-expectation condition, whereas they were reduced in the
low expectation condition. The analysis of laser-evoked potentials (LEPs) was focus on
latencies from 200 to 500 ms when the N2-P2 occurs. This complex is generated in the

anterior and posterior cingulate cortices, and appears from the activation of Ad fibers
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(Wager et al.,, 2006). In this study, it was pointed out that the manipulation of

expectations of pain modulates the pain response.

1.3.2.4. Emotional factors of placebo analgesia. Emotions are also hypothesized
to be involved in the PA by modulating the pain response. According to Vase et al.
(2005), analgesic properties of placebo could be mediated by reduction in anxiety levels.
As was theorized in the biopsychosocial model of pain, the negative emotions reduction
involves an increase of the pain thresholds (see section 2.2.2. of this thesis). This notion
matches the results of neuroimaging (Wager et al., 2004) and EEG studies (Wager et
al., 2006), pointing out the implication of affective structures in the PA response. Indeed,
the study from Scott et al (2007) found a reduction of negative emotions independent of
the pain reduction, and an increase of positive ones after placebo manipulation,

indicating that placebo manipulation was also affecting mood in a positive way.

1.3.2.5. Explaining placebo analgesia: the dual-process model. The
biopsychosocial model explains pain and its chronification as a subjective experience
implying the involvement of psychological, physiological and social features. Therefore,
PA can also be explained from this wide perspective, and not only by either conditioning
or expectation, as some authors trend to argue. Nevertheless, only few models have
ventured to explain how PA is formed. For instance, the expectation model (Kirsch,
1985), point to a common pathway in PA relaying completely on expectation (Stewart-
Williams & Podd, 2004). However, scientific evidence reveal that solo expectation
inductions have failed to induce PA (Colloca et al., 2008, 2009), and that is possible to
induce PA without conscious expectations (see Schafer et al., 2018). Conversely,
Colloca & Miller (2011) developed a theory critically based on learning, as an essential
mediator of expectation. Arguing that learning, either conscious or unconscious,
generate changes in expectation that affect PA response. In this line, Schafer et al.
(2018) recently developed the dual-process model, in opposition with the “expectation

model”, backing up in the biopsychosocial model, but adapted to explain in detail the PA
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mechanisms. For the authors, PA would imply “mechanisms of endogenous self-

regulation and healing” (p. 2), as we learnt from the previous sections.

The model arise from separate but connected learning processes, and with that, the
neurobiological systems more related with PA, opioid and cannabinoid systems. The
model is framed within the reasoning theory from Kanheman and Frederick (2002),
which assumes that reasoning can be achieved by two different systems, the so-called
“System 1" which represents more automatic and unconscious reasoning, and
oftentimes implying the use of “shortcuts”, and “System 2”, which refers to conscious
and harder reasoning. Moving to the pPA field, Schafer et al. (2018) assume two
processes: “accumulative” (comparable to “System 17) and “dynamic” (resembling to
“System 27). The accumulative process implies a slow collection of information to
generate pre-cognitive associations, not requiring conscious thoughts to get activated.
The associations made, for instance by conditioning, lead to adaptive responses, which
in turn, strength the associations. Authors asume that this kind of analgesia requieres
the basic associative learning system, PAG-rostral ventromedial medulla (RVM)-spinal
cord (AMG included), and it would be dependent mainly on the cannabinoid system. On
the other hand, the “dynamic” process works in the way of the expectation model of PA,
by generating a mental schema in order to understand the context and guide the
behavior. As we know, mental schemas are flexible organized thinking patterns, a
mental structure that represent the surrounding world that organize the behavior.
However, they are flexible because they have to adapt to new situations adding new
learnings. In the PA field, mental schemas are also updated with contextual incoming
information (in that sense, expectations of relief strength the schema correlating with the
magnitude of the PA). Regarding neuroanatomy, the schema activation would depend
on the activity of frontal (rACC and DLPFC) and medullar areas (PAG and RVM) and the

resulted analgesia would depend mainly on the opioid system.

To contend their model, Schafer et al. (2018) expose a myriad of studies supporting

their hypothesis, with neuroanatomical, neurochemical, genetical, psychological, and
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contextual explanations. Nevertheless, some warnings set by the authors must be taken
in consideration. For instance, the model only describes two neurochemical systems
despite of the knowledge of other systems, such as dopaminergic and serotonergic, that
can also interfere in the PA response, and with it also different pathways of pain

modulation.

1.3.2.6. Placebo analgesia in clinical samples. Data is limited regarding placebo
studies with patients, however it shows that they achieve analgesia by placebo
interventions. Several experiments have investigated the immune response under
conditioning placebo manipulation in patients with immune disorders (e.g., lupus
erythematosus and multiple sclerosis), obtaining positive outcomes after the placebo,
since the placebo acted as the immunosuppressive drug cyclophosphamide (Giang et
al., 1996; Goebel et al., 2002; Olnes & Ader, 1992). Within the pain field, literature is
scarce regarding PA experiments conducted in chronic pain patients. Studies with
visceral pain patients show equivalent placebo response than healthy participants. Thus,
a reduction in activation of brain pain related areas, and PFC enhancement during the
PA response (Price et al., 2007). Moreover, it has been find also an implication of
anxiety in this group of patients in the placebo response; as less anxiety, more strong

placebo response (Vase et al., 2005).

Regarding musculoskeletal pain, Goffaux et al. (2009) conducted a study with FM
patients showing that despite of they achieve analgesia induced by expectations, they
have and impairment of their descending inhibitory circuits, reflected in an enhancement
of the reflex responses during experimental pain, even when they reported analgesia,
demonstrating spinal hyperexcitability. They also found that P260 (a waveform which
source is located within the ACC), and P45 (a waveform located in the Sl) are sensitive
to the modulation of pain depending on expectancy. Authors conclude that when FM
patients anticipate pain, they engage early attention monitoring. Charron et al. (2006)
carried out an experiment to assess differences in PA regarding clinical and

experimental pain. For this purpose, they analyze behavioral responses of chronic low
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back pain patients when a placebo is given to reduce their back pain and experimental
pain induced by the cold pressure procedure. They found that placebo effect was more

enhanced for clinical than experimental pain.
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2. OBJECTIVES AND HYPOTHESIS

The previously presented literature shows that exist several flaws in the PA
knowledge; for instance, how does it interact with clinical treatments and if chronic pain
patients can achieve PA in the same way than healthy volunteers. According to the
above mentioned biopsychosocial model of pain, psychological factors, such as
negative emotions, have an enormous weigh for pain maintenance. Indeed, depression
shows high comorbidity with chronic pain syndromes, shared at least in the 80% of
cases (Poole et al.,, 2009), and they oftentimes do not respond to available
pharmacologic treatments (Gameroff & Olfson, 2006). In a recent review, Lefacheur et
al. (2020) indicate that LF-rTMS over DLPFC shows level B efficacy (probable efficacy)
in depression treatment. Previous research also indicates that placebo responses are
mainly mediated by learning mechanisms and cognitive expectations (Coleshill et al.,
2018; Colloca, 2014). Indeed, conditioning, observational, and instructional learning are
supposed to combine generating positive or negative expectations, and conditioned
responses (Colloca, 2014). Moreover, placebo suggestions (positive expectation
generation) accompanied with conditioning, produce a greater placebo response than

each one separated (Amanzio & Benedetti, 1999; Vase et al., 2002).

Therefore, the general aim of this thesis is to better understand the role of top-down
inhibition of pain mechanisms in chronic pain populations, and assess whether
neuroplastic changes associated with chronic pain may interfere in PA, and thus in
treatment outcomes. To fulfill our main objective, it was used rTMS plus expectation
induction in a first study, and a conditioning procedure, in addition to verbal instructions
and experimental setting to increase positive expectations in order to study PA in a
second study. The specific objectives and hypothesis for the different studies composing
this thesis were:

1. The first objective of the thesis was to explore the effectivity of LF-rTMS over

rDLPFC in reducing depressive symptoms and pain ratings in patients with a clinical
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history of major depression (MD) and in patients with fibromyalgia and major
depression (FMD).

2. The second objective was to examine neuroplasticity, in terms of brain dynamics,
in particular EEG alpha asymmetry, after LF-rTMS.

3. Moreover, the first study was also useful to better understand placebo response
induced by positive expectations, and it therefore constituted our third objective.

4. The fourth objective was to analyze if CBP have equal PA response than healthy
volunteers.

5. The fifth objective aimed to know whether PA could be reflected in differences

observed with EEG, specifically in alpha synchronization and desynchronization.

The main hypothesis of the first study was that patients with MD and FMD could
benefit of LF-rTMS therapy, alleviating pain and depressive symptoms, and it will be
reflected in EEG asymmetry indices. Regarding conductual measurements, we expect
to find an improvement in the depression indices and the pain subjective ratings pre- to
post-treatment held to LF-rTMS. Regarding EEG measurements, we hypothesized that
EEG asymmetry will be reflected in an increased left hemisphere alpha activity after the
treatment. Finally, we also want to observe how positive expectations could modulate

treatment response.

In the second study, we hypothesize that despite of CBP patients will achieve PA, as
previous studies predicted (see section 2.3.2.5 of the present thesis), they would show
lower PA response than healthy subjects, reflected in subjective ratings and in brain
dynamics during expectancy and painful stimulation. Regarding brain dynamics, we
expect that CBP patients would show a decrease in alpha power in frontal locations,
indicating cognitive processing of the painful stimulation during anticipation phase, and
an enhancement of alpha power in frontal cortex, during painful stimulation, indicating

an impairment in inhibiting pain response.
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3. METHODS

In this section will be provided an overview of the methods used for conducting the
two studies of this thesis. However, the specific methods for each study will be explained
in detail in following sections. Below, we will briefly describe general characteristics of
the experimental subjects, questionnaires, and brain activity measurement technic

employed.

3.1. Experimental subjects

Participants included in the two studies were mainly chronic pain patients. For the
first study, a group of female fibromyalgia patients that were also suffering from major
depression (FMD) and a group of patients diagnosed with major depression (MD) were
enrolled. Pathologies should have been previously diagnosed by an specialist (i.e., by a
psychiatrist, according to Diagnostic and Statistical Manual of Mental Disorders (DSM)-
IV, and by a rheumatologist, according to the criteria of the American College of
Rheumatology (Wolfe et. al., 1990)). Moreover, both should be resistant at least to one
therapeutic treatment with antidepressants up to the maximum tolerated dose, for no

less than 6 weeks.

On the other hand, for the purposes of the second study, it was selected a sample of
patients diagnosed with CBP, lasting more than 6 months, and recruited from Kovacs’
Clinic (Palma, Spain) where all them were previously diagnosed. In order to compare
CBP results, a set of healthy controls (HC), matched in age and gender, were recruited
by public advertisements in the Universitat de les llles Balears. Exclusion criteria
included the presence of neurological disease, high blood pressure, and opioid

consumption in the last 2 weeks.
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3.2. Clinical assessment

Previous to the experimental task, participants were interviewed in order to assess
sociodemographic criteria, and medication intake. In addition, several questionnaires
assessing either pain or emotional state were conducted. Participants from both studies
completed the Spanish version of the Beck Depression Inventory (BDI) (Beck et al.,
1961; Conde et al., 1976). Conversely, in the first study, FMD patients completed also a
numerical pain rating scale, and in the second, the Spanish version of the State and

Trait Anxiety Inventory (STAI) (Seisdedos, 1982; Spielberger et al., 1970).

3.2.1. Emotional assessment

The Beck Depression Inventory (BDI) is a self-administered questionnaire, consisting
in 21 items of multiple choice in which is assessed the presence and seriousness of
depressive symptoms and attitudes. The items derived from clinical observations are the
following: (1) mood, (2) pessimism, (3) sense of failure, (4) lack of satisfaction, (5) guilt
feelings, (6) sense of punishment, (7) self-dislike, (8) self-accusation, (9) suicidal
wishes, (10) crying, (11) irritability, (12) social withdrawal, (13) indecisiveness, (14)
distortion of body image, (15) work inhibition, (16) sleep disturbance, (17) fatigability,
(18) loss of appetite, (19) weight loss, (20) somatic preoccupation, and (21) loss of
libido. Regarding cutoff scores, they are distinguish as mild (direct score <4), moderate
(direct score between 14 and 20) and severe (direct score >20) (Steer, 1986). The
questionnaire shows a high internal consistency (Cronbach alpha = 0.83) (Sanz &

Vazquez, 1998).

The State-Trait Anxiety Inventory (STAI) was developed in order to evaluate the
anxiety level in the assessment moment (“how do you feel right now, at this moment”),
and also the personal predisposition to the stress response (“how do you generally
feel”). It consists of 40 items either direct or reversed, 20 for each part, state and trait.

The questionnaire is responded by using a 4-point Likert scale, distinguishing responses
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from state to trait (state: “not at all” to “very much so”; trait “almost never” to “almost
always”). Scoring might vary form 0 to 60, and the more score the more anxiety. The
internal consistency for Spanish sample in anxiety state is above 0.90; and for anxiety

trait oscillates between 0.84 and 0.87.

3.2.2. Pain assessment

Only in the first study, participants were asked for their pain level because we were
aimed to asses possible variations in the subjective pain ratings after the intervention.
For this purpose, patients had to respond to a simple question: “How bad has your pain
been?”, and they had to respond in a 0 to 10 point-Likert rating scale that was graded

from “no pain” to “very severe pain”.

3.2.3. Electrophysiologic recording and data analysis

EEG was used for both studies of the present thesis because its temporal resolution
allows to know the precise timing of the studied events Furthermore, from affective
research studies, it is known that alpha power seems to be involved in emotional
modulation of perception and attention via cortical inhibition (Uusberg et al., 2013),
which in turn can modulate pain perception. Moreover, pain and cognitive studies point
out the positive correlation between the subjective pain intensity and alpha power (Nir et
al., 2010), and the presence of aberrant activity in the brain frequency domains of
chronic pain patients, in particular regarding alpha, because slowness of peak alpha
frequency, and increased alpha oscillations have been observed (see Kisler et al.,

2020).

For both experiments, EEG recordings were conducted in accordance with the
International 10-20 System using an Electro-Cap (Inc. Ohio, USA). In the first study,
EEG was recorded from a 32-channel BrainAmp amplifier (Brain Products, Munich,

Germany), whereas for the second study, EEG was recorded from a 64-channel
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QuickAmp amplifier (Brain Products, Munich, Germany). An electrooculogram (EOG)
channel was also recorded using two electrodes placed above and below the left eye in
order to correct possible ocular artifacts. Mastoid electrodes were used as reference
channels for the first study, and a common reference in the second study, and ground
was placed anteriorly to location of FCz electrode. A 50 Hz notch filter was applied.
Electrode impedances were kept below 10kQ (in the second study, it was possible to

keep them below 5 kQ). The sampling rate was set to 1kHz.

Finally, Fast Fourier Transform (FFT) was computed for different bands depending on
the study. The bands used in the present thesis were: theta (3-8 Hz), alpha (8-12 Hz),
and beta (12-30 Hz) bands. FFT power density (uV2/Hz) was corrected with a Hanning

window (10%), and exported with a resolution of 0.1 Hz.
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4. RESULTS

The results of the different studies will be exposed in manuscript format
(introduction, methods, results, and discussion) in the following sections, because

they are in preparation to be submitted to scientific journals.

4.1. Study 1: Brain dynamics associated with LF-rTMS treatment in

fiboromyalgia and major depression patients

4.1.1.Introduction

Repetitive transcranial magnetic stimulation (rTMS) is a therapeutic non-invasive
method that modulates cortical excitability by trains of magnetic pulses given at the
same frequency to a single brain area (Kobayashi & Pascual-Leone, 2003). However,
the rTMS has shown a clear dissociate effect in cortico-spinal pathways depending
on the stimulation frequency, producing temporary increases in cortical excitability
(high-frequency rTMS; HF-rTMS, > 1 Hz) or by inhibiting cortical activity (low-
frequency rTMS; LF-rTMS. < 1 Hz) (Pascual-Leone et al., 1994; Wassermann et al.,
1999). For that reason, rTMS has been investigated as treatment in several
neurological and psychiatric disorders, including chronic pain and resistant

depression.

The syndrome of fibromyalgia (FM) constitutes a chronic musculoskeletal pain
disorder characterized by widespread lowered pain threshold, fatigue, muscle
stiffness, and emotional distress (Wolfe et al., 2010). Furthermore, depression
disorders are a common comorbidity in this syndrome (Romano & Turner, 1985),
including major depression (MD) disorder. According to DSM V, MD reflects a
persistent emotional state characterized by feelings of sadness, worthless, and guilt,
together with cognitive (e.g., lack of concentration) and physical (e.g., fatigue)

symptoms that generate impairments in daily life.
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Some studies proved rTMS to be effective to relief pain in chronic pain patients
and also as antidepressant therapy (Khedr et al., 2005; Passard et al., 2007). Despite
rTMS for pain treatment has been mainly applied to the motor cortex, in some of the
studies it has been also applied to the dorsolateral prefrontal cortex (DLPFC)
(Moisset et al., 2015). In fact, DLPFC has been proved to be a key area for the
regulation of emotional processing and in top-down modulation of pain (Lorenz et al.,
2003; Ochsner et al., 2004). The DLPFC is theorized to exert its influence by
inhibiting the orbitofrontal cortex (OFC) activity, being a crucial area in the perception
of negative affect, hence also pain (Goel & Dolan, 2003; Price, 2000;). However, a
recent meta-analysis put forward that low-frequency rTMS applied over the PFC does

not seem to effective (O’'Connell et al., 2018).

The predominant model of hemispheric specialization, theorizes that activation of
left frontal cortex reflects the activation of the behavioral approach system, whereas
right frontal cortex activation would reflect activity of the behavioral withdrawal system
(Henriques & Davidson, 1997; Sutton & Davidson, 1997). Lesion studies also support
this hypothesis, because left frontal lobe lesions lead to decreased spontaneous
verbal behavior, social withdrawal, and some instances to “catastrophic reaction”
resembling depression (Kolb & Whishaw, 1996; Kolb & Taylor, 2000). An
asymmetrical functional distribution is called frontal lobe asymmetry, and represents
the difference between activity in right and left hemispheres (Henriques & Davidson,

1997; Sutton & Davidson, 1997).

Frontal asymmetry (less left frontal activation and more right frontal activation)
noted in depressed patients pointed towards a neurobiological basis for depression
(Davidson, 1995; Henriques & Davidson, 1990, 1991; Roemer et al., 1992). This
asymmetry pattern seems to be stable trough time in patients with current depression
and those in remission (Allen et al., 2004; Blackhart et al., 2006; Hagemann et al.,
2002; Tomarken et al., 1992; Vuga et al., 2006). In accordance to these findings,

brain asymmetry could be a trait marker for the disposition toward negative affect.
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Furthermore, the asymmetrical emotional processing might be related with different
distribution of monoamines (Garcia-Toro et al., 2001). This could explain the change
in frontal EEG asymmetry induced by tryptophan depletion that predicts the likelihood
of future depression (Allen et al., 2009). However, some research failed to replicate
these previous studies, finding hypoactivation in right frontal activity in depressed
individuals relative to those non depressed (Knott 2001; Reid et al., 1998), and the
same occurred with posterior alpha asymmetry (Reid et al., 1998; Schaffer et al.,
1983). For instance, Henriques and Davidson (1991) did not found differences in
frontal asymmetry in groups which were on tricyclic and serotonin reuptake inhibitors

(i.e., imipramine and fluvoxamine).

Alpha asymmetry studies linked this band with depression, emotional states, and
individual differences in the emotional processing (Davidson, 1995). Moreover, it is
considered that alpha activity has an inverse relation to cortical activation (Lindsley,
1952; Shagass, 1972). Hence, alpha asymmetry in depression is reflected in less
alpha power in right frontal and larger alpha power in left frontal (Jesulola et al.,
2015). Regarding pain, alpha band was differentiated in low alpha (8-10 Hz) and high
alpha (10-12 Hz), for a better understanding, resting on the basis that they reflect
different mechanisms. Low alpha power is considered to reflect perceived muscle
pain intensity (Chang et al., 2003), and power increase can also indicate an increase
of attention (Klimesch, 1999; Ray & Cole, 1985). On the other hand, high alpha
power is related to the selective encoding of stimuli and the extraction process of

perceived information of long-term memory (Klimesch, 1996).

The main objective of our study is to explore alpha asymmetry before and after a
LF-rTMS treatment at rDLPFC in MD patients and in FM with major depression
(FMD) patients. Our hypothesis is that FMD patients could benefit of LF-rTMS
treatment, due to both antinoniceptive and antidepressive effects. Specifically, we
expect to find an improvement in a depression index and in a 11-point numerical pain

rating scale pre- compared to post-treatment held to LF-rTMS. Moreover, according
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to Davidson (1990, 1992), the left hemisphere asymmetry (e.g., larger activity in left
than right hemisphere) is more likely to display behaviors associated with approach
motivation and positive affect. In this line, we expect differences in brain asymmetry

after the LF-rTMS treatment, increasing left frontal hemisphere asymmetry.

4.1.2. Methodology

4.1.2.1. Participants. This study was carried at the Hospital Son Dureta and the
Universitat de les llles Balears (UIB) from Mallorca (Spain). To be included in the
study, subjects had to fulfill either the diagnosis criteria of major depression (MD
group), diagnosed by a psychiatrist according to Diagnostic and Statistical Manual of
Mental Disorders-1V, or diagnosis of fibromyalgia, confirmed by a rheumatologist
according to the criteria of the American College of Rheumatology, and major
depression (FMD group). Moreover, all patients had to be resistant at least to one
therapeutic treatment with antidepressants up to the maximum tolerated dose, for no
less than 6 weeks. This pharmacological treatment was maintained and unchanged

during the month before and during the study.

Forty-seven patients agreed to participate in the study until the end; twenty-seven
patients who fulfill the criteria for MD and twenty FMD patients. Within each group,
they were pseudo-randomly assigned to placebo and treatment group. In the MD
group, 16 received real rTMS, and 11 received placebo treatment, whereas in the

FMD group, 12 received real rTMS, and 8 received placebo treatment (see Table 2).

At the time of recruitment, subjects were verbally informed about the objectives of
the study as antidepressant and analgesic therapy, and of the possible side effects of
the technique. Afterwards, they were invited to ask questions about the study before
signing the written informed consent. The study was in accordance with the
Declaration of Helsinki (1991) and the ethics committee of the UIB approved the

study.
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Table 2.

Group Distribution and Sociodemographic Data and Medication

Treatment group Placebo group
Patient group FMD MD FMD MD
n =47 12 16 8 11
Age (mean, SD) 47.6 (6) 45.6(158) 54.4(5.7) 48.3(12.1)
Gender, %
Female 100 % 62.50 % 12.50 % 72.73 %
Male - 37.50 % 87.50 % 27.26 %
Medication, %
SSRI 100 % 100 % 87.50 % 100 %
SNRI - - 12.50 % -
Bzp 91.67 % 81.25% 62.50 % 81.82 %
AP - 18.75 % - 18.17 %
AE 33.32 % 18.75 % 37.50 % 27.26 %

Note: SSRI = selective serotonine reuptake inhibitors; SNRI = dual serotonin and norepinephrine

reuptake inhibitor. Bzd = benzodiacepine. AP = antipsychotic. AE = antiepileptic.

4.1.2.2. EEG recording. The EEG was recorded from a 32-channel BrainAmp
amplifier (Brain Products, Munich, Germany) at a sampling rate of 250 Hz. An offline
50 Hz notch filter was also applied. EOG was also recorded to correct possible
artifacts. Ground was placed anteriorly to location of FCz electrode. Mastoid
electrodes were used as reference channels. Electrode impedances were measured
to be less than 10 kQ. One MD patient was discarded because of a failure during the

measurements.

4.1.2.3. Transcranial magnetic stimulation. Current participants are a
subsample which participated in a previous study (Carretero et al., 2009), in which
both patients groups (real and sham) didn’t improve their depression or pain scores.
The rTMS was performed with a butterfly coil of 70 mm (DANTEC, model MagPro

and MagLite) connected to a stimulator. The main stimulator parameters were 20
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trains at 110% of motor threshold for 60 s at 1 Hz and 45 s of inter-trials interval. Prior
to the stimulation, it was established the motor threshold to lay down the stimulation
area. Thus, was performed by single-pulse LF-rTMS over the left-brain area that
triggered right thumb abduction. The stimulation area was in the right DLPFC, five
centimeters in front of the specular point that triggered a more selective right-thumb
abduction response in the left motor cortex. In the real condition, the coil was placed
in direct contact with the scalp, so the middle of the coil was in the stimulation area.
In the placebo condition, the coil was placed perpendicularly to the cranium at the
reported stimulation point, nevertheless the coil was inclined 45° forward the axis. In
this way, the magnetic field did not penetrate in the brain significantly, although the

participant did hear the sound generated by the coil.

4.1.2.4. Procedure. A single-blinded study, with an external evaluator, was
performed in order to examine the effects of LF-rTMS. Investigators, blinded to the
treatment groups, made the evaluations pre- and post-treatment (after 4 weeks). All
study participants completed the Spanish version of the Beck Depression Inventory
(BDI) (Beck et al., 1961; Conde et al., 1976), and only FMD patients completed also a
numerical pain rating scale, in which patients were asked about “How bad has your
pain been?”, and they had to respond in a 0 to 10 point-Likert rating scale from “no
pain” to “very severe pain”. Instructions given to the participants were provided by the
researchers. They informed that the study was evaluating LF-rTMS as antidepressant

and analgesic therapy, therefore both symptoms might improve after the treatment.

LF-rTMS was applied daily from Monday to Friday, in 20 consecutive sessions
along 4 weeks. In order to assess alpha asymmetry differences due to the treatment,
resting EEG was recorded during 4 minutes. Recordings of resting EEG, were
registered pre- and post-treatment within the same week of the first and last LF-rTMS
session, respectively. During this time, participants were instructed to remain with

closed eyes.
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4.1.2.5. Data reduction and analysis. Sociodemographic data (age, gender, and
medication) were analyzed with non-parametric measures U de Mann-Whitney, and
chi-square. Data from the questionnaires were analyzed trough repeated-measures
analysis of variance (ANOVA). It was used as within factor TIME (pre vs. post). To
analyze the 11-point numerical pain rating scale, the between subjects factor was
TREATMENT (real rTMS vs. placebo). For the BDI scores, between subjects factors

TREATMENT (real rTMS vs. placebo) and PATIENT (MD vs. FMD) were used.

Baseline EEG data was analyzed by computing power density (uV2/Hz) of the low
alpha (8-10 Hz) and high alpha (10-12 Hz) bands. For this purpose, a fast-Fourier
transformation (FFT) was applied with a Hanning window (10%). Data from mid-
frontal (F3, F4), lateral-frontal (F7, F8), central (C3, C4), parietal (P3, P4), mid-
temporal (T3, T4), lateral-temporal (T5, T6), and occipital (O1, O2) electrodes were
clustered and log-transformed (log 10) to approach Gaussian distribution. An index of
hemisphere asymmetry was calculated by subtracting power values of the left
hemisphere from the right hemisphere at these brain locations (frontalCentral
asymmetry: F4-F3, frontalLateral asymmetry: F8-F7, central asymmetry: C4-C3,
parietal asymmetry: P4-P3, temporalCentral asymmetry: T4-T3, temporallLateral
asymmetry: T6-T5, and occipital asymmetry: O2-O1). Data were statistically analyzed
by using a randomized factorial mixed design ANOVA, with the within-subjects factors
BRAIN (assym_frontalMid, assym_frontalLateral, assym_central, assym_parietal,
assym_temporalMid, assym_temporalLateral, and assym_occipital), and TIME (pre
vs. post), and using the between-subjects factors TREATMENT (real rTMS vs.
placebo), and PATIENT (MD vs. FMD).

4.1.3. Results

4.1.3.1. Behavioral results. Non-parametric analyses (U de Mann-Whitney)

reveal that FMD group had significant differences in age between treatment and

placebo groups (p<0.033). Chi-square analysis shows that groups receiving real and



No Brain No Pain 58

placebo treatment, both FMD and MD patients, were comparable in gender and
medication intake. Analyses of BDI scores showed an effect of the TIME factor for all
treatment conditions (F(1,43)=46.3, p<0.001), indicating that depression was overall
reduced after the treatment. Analyses of the 11-point numerical pain rating scale
reveal an effect of the TIME factor, showing also a reduction in pain rating within the
FMD group, from pre- to post- treatment for both treatment groups (F (1, 18) = 95.28,
p< 0.001).

4.1.3.2. EEG results. Significant effects of BRAIN (F(6,240)=10.3, p<0.001),
BRAIN X PATIENT (F(6,240)=6.2, p<0.001), and TIME X PATIENT (F(1,240)=5,
p<0.05) were found on the hemispheric asymmetry indexes at the low alpha band
(8-10 Hz). Post-hoc mean comparison analyses revealed that after the treatment MD
patients showed less asymmetry (right - left) than FMD over mid-frontal areas
(p<0.01), but more asymmetry over lateral-temporal and central areas (p<0.01) (see

Figure 6b).

Significant effects due to BRAIN (F(6,240)=13.8, p<0.001), BRAIN X PATIENT
(F(6,240)=7.3 p<0.001), and TIME X PATIENT were found in the hemispheric
asymmetry indexes for the high alpha band (F(1,40)=4.6, p<0.05). Post-hoc mean
comparison analyses show equal results than in low alpha power: MD patients
showed less asymmetry (right - left) than FMD over mid-frontal areas (p<0.05) post-
treatment however, it was observed more asymmetry over lateral-temporal and

central areas (p<0.00) (see Figure 6a).
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Figure 6.

lllustrate Alpha Power Pre- and Post-Treatment in Mid-Frontal Location
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Note. Mean of alpha power asymmetry (SD, error bars) of high alpha,
and low alpha. *p<0.05. Figure a) depicts high alpha asymmetry in MD
and FMD patients. Figure b) depicts low alpha asymmetry in MD and
FMD patients. Note that treatment promoted a change in FMD patients
whereas MD remain stable showing less alpha asymmetry after the

treatment.

4.1.3. Discussion

To investigate the effects of LF-rTMs in brain dynamics, a single-blinded study was
conducted with FMD and MD patients. The hypothesis stated that patients would

improve their depressive and pain symptoms vyielded by the treatment, and this
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symptoms improvement would be reflected in changes in alpha asymmetry in left
hemisphere after the treatment. Our results indicate that brain asymmetry changed
only within the MD group, but opposite than expected. MD patients shown less alpha
asymmetry over fronto-medial location compared to FMD patients, independent of the
treatment group. According to the current model of hemispheric specialization
associated with emotional processes (Davidson et al., 1990; Davidson, 1992), the left
hemisphere asymmetry (i.e., larger activity in left than right hemisphere) is more likely
to display behaviors associated with approach motivation and positive affect, while
right asymmetry (i.e., greater activity in right in comparison with left hemisphere) is
linked to negative affect, and the activation of avoidance-withdrawal system (Sutton &
Davidson, 1997). If we consider alpha power band as inversely related to cortical
activation in adults (Shagass, 1972; Lindsley, 1952), asymmetry observed in MD
patients after LF-rTMS treatment may reflect either less activation of left hemisphere,
or more activation of the right hemisphere after the treatment. In any case, both
scenarios lead to the same conclusion: brain correlates after treatment corresponds

to negative affect, according to Sutton and Davidson’s theory (1997).

In fact, EEG studies reveal that depressed patients showed increased alpha
activity in left than in right hemisphere (Bell et al., 1998; Gotlib et al., 1998; Henriques
and Davidson, 1991; Roemer et al, 1992). This activation pattern has been
frequently observed in the relative excess of alpha band activity in left mid-frontal
(F3>F4), and lateral-frontal (F7>F8) locations (Debener, 2000; Henriques &
Davidson, 1991; Schaffer et al., 1983). PET studies also show a hypometabolism of
the left frontal cortex in depressed patients (Bench et al., 1993; Martinot et al., 1990).
Some lesion studies also support this hypothesis: left frontal lobe lesions lead to
decreased spontaneous verbal behavior, social withdrawal, and some instances to
“catastrophic reaction” resembling depression (Kolb and Whishaw, 1996; Kolb and
Taylor, 2000). It seems that asymmetry pattern is stable trough time in patients with
current depression and those in remission (Allen et al., 2004; Blackhart et al., 2006;

Hagemann et al., 2002; Tomarken et al., 1992; Vuga et al., 2006), which could be
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explaining our post-treatment results. In accordance to these findings, brain

asymmetry could be a trait marker for the disposition toward negative affect.

Furthermore, our results also indicate the expected results, reducing depression
and pain scores, but the effect was unspecific of the treatment (real rTMS vs.
placebo). Post-treatment depression index and subjective pain ratings were both
reduced for real treatment and placebo groups, revealing a placebo response to the
rTMS manipulation. Placebo response can be triggered by cognitive factors like relief
expectancy (Krummenacher et al., 2010), which could explain our results. Indeed, our
participants were told that the treatment would reduce their pain and depressive
symptoms, enhancing relief expectancy, and hence a placebo response. Our results
are in agreement with previous studies were also was found a pain reduction for
treatment and placebo groups (Atlas et al.,, 2019). However, in this study it was
applied LF-rTMS either to the left DLPFC or to the left primary motor cortex, finding
greater improvement in the treatment groups for pain and depressive symptoms. In
this line, a recent meta-analysis (O’Connell et al., 2018) concludes that rTMS over
prefrontal cortex does not apear to be more effective than placebo for chronic pain
management. Nevertheless, in a recent study not included in the previous meta-
analyses, Phillips et al. (2018) found depression and pain reduction ratings, in
depressive patients resistant to treatment with comorbid pain, after high-frequency

rTMS over left DLPFC.

In summary, LF-rTMS with positive verbally induced expectations was as effective
as placebo in the reduction of pain and depression observed in the subjective
scales,.However, brain correlates (in this case, left alpha asymmetry) remain with a

negative affect pattern, which seems to be a biomarker of depression.
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4.2. Study 2: Brain correlates of placebo analgesia in chronic back pain patients

compared with healthy subjects

4.2.1. Introduction

Placebo analgesia represents an example of antinociception, exerting powerful
descending control of pain under certain conditions (Bingel et al., 2006; Stein et al.,
2012). The descending modulatory system is the principal pathway to change pain
perception by means of cognitive and contextual features (Tracey, 2010). In this line,
placebo analgesia can be very specific and it can be modulated by several cognitive,
emotional, and situational factors (e.g., expectation, beliefs, learning, meaning, context,
verbal instructions, level of pain) (Benedetti et al., 2006; Shapiro & Shapiro, 1997).
Placebo analgesia depends on automatic conditioning responses and cognitive
modulation based on experience (Kong & Benedetti, 2014). Indeed, several studies
have pointed out expectancy and conditioning as the main mechanisms mediating
placebo effects (Amanzio & Benedetti et al., 1999; Klinger et al. 2007; Price et al.,
1999).

Regarding psychological mechanisms involved in placebo analgesia, it exist a debate
about the major contribution in placebo analgesia of expectations or conditioning. In this
line, Klinger et al. (2007) designed a study to reveal mechanisms of placebo analgesia
testing differences between expectancy and classical conditioning in patients with atopic
dermatitis. Results indicate that conditioning without placebo instructions may trigger a
placebo response; moreover, the placebo instruction alone could not generate placebo
response. The authors suggest that expectation and conditioning are needed to elicit a
placebo response; however, classical conditioning may be more important regard to the
maintenance of the placebo responses. Furthermore, conditioning was proved as the
only factor leading to a pain reduction consistent with placebo analgesia response
(Colloca et al., 2008). In addition, conditioned responses tend to be more long-lasting

and robust (Colloca & Benedetti, 2006). Therefore, according to these authors,
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conditioning seems to be a main contributor to generate and maintain placebo response.
Nevertheless, new evidence reveals that a combination of both is required to elicit

placebo effects (Wager & Atlas, 2015).

Besides the psychological mechanisms above described, placebo analgesia is also
correlated with different brain structures and can modulate specific brain areas. For
instance, the PFC) has been widely associated with placebo response (Tracey, 2010).
Benedetti et al. (2006) conducted an EEG study with Alzheimer disease (AD) patients
that revealed the important role of the PFC to achieve a placebo analgesia response. In
this experiment, expectations were manipulated while applying lidocaine to alleviate pain
after venopuncture, in both AD patients and controls. The study revealed that AD
patients showed less analgesia in the placebo condition than controls, and this lower
placebo response was positively correlated with poor performance on
neuropsychological tasks related to frontal lobe function. Furthermore, authors conclude
that reduced placebo analgesia was also associated with reduced connectivity of the
PFC with the rest of the brain in these patients, which may be responsible to the
vanishing of placebo analgesia response. It has also been shown, by voxel-based
morphomertry, that gray matter density in the dorsolateral PFC (DLPFC), as in nucleus
accumbens (NAc) and insula, was correlated with greater placebo analgesia response
(Schweinhardt et al., 2009). Actually, different authors agree that is in the DLPFC where

the placebo analgesia response is initiated (see Medoff & Colloca, 2015).

Intriguingly, there is considerable evidence for functional and structural alterations in
the PFC of chronic pain patients, specially in the case of chronic back pain (CBP). CBP
is the most widespread chronic pain syndromes, with prevalence in Spain about 60.53%
of the pain population (National Health and Wellness Survey [NHWS], 2010, extracted
from Langley et al., 2011). Baliki et al. (2006, 2011) observed in CBP patients that pain
intensity seems to be maintained by sustained activation of PFC (Baliki et al., 2006,
2011). Moreover, it has been shown that CBP patients display a significant atrophy in

cortical gray matter in the DLPFC, which it is related to pain perception (Apkarian et al.,
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2004). Given that the DLPFC is implied in the top-down pain control, it has been argued
that plastic changes in PFC may lead to a disruption in the top-down mechanisms to

control pain (Apkarian et al., 2004).

Moreover, it has been observed that chronic pain patients exhibit aberrant activity in
the brain frequency domains (Kisler et al., 2020). In particular, regarding alpha, it has
been observed slowness of peak alpha frequency, and increased alpha oscillations (see
Kisler et al., 2020). Event-related desynchronization (ERD) of alpha frequency band
(8-12 Hz) represents an important aspect of top-down regulation of incoming sensory
information (Klimesch et al., 2007). Alpha ERD seems to be a correlate of cellular
excitability in the thalamo-cortical system (Ferracuti et al., 1994) and predict subjective
evaluation of pain intensity (Babiloni et al., 2006). Moreover, it has been argued that
alpha ERD may be reflecting the transfer of sensory information through sensoriomotor
thalamo-cortical and cortico-cortical pathways such as it happens in attentional
processes (Klimesch, 1999; Pfurtscheller & Lopes da Silva, 1999). In the pain field,
alpha band power decrease has been associated with the presentation of noxious
stimuli (Chen & Rappelsberger, 1994; Dowman et al., 2008; Huber et al.,
2006).Conversely, other studies suggest that subjective experiences of pain lead to

higher peak alpha frequencies (Nir et al., 2010).

Nevertheless, little is known about the alpha implications in placebo analgesia. For
instance, Hunneke and cols. (2013), conducted a response conditioning protocol with
verbal suggestions, to asses changes in alpha during resting-state in healthy controls.
The authors observed alpha band decreases in the control condition, whereas alpha
power was increased in the post-conditioning recording for the placebo group. However,
they recorded EEG before, during and after procedure, so they did not have results of
the stimulation periods. In contrast, Li’'s group (2016), conducted an experiment with
healthy subjects were EEG was recorded also during processing of noxious stimuli to
assess placebo analgesia effect. For this purpose, it was injected to participants either

an isotonic saline (innocuous) or a hypertonic saline (painful), and they went through
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four conditions along two sessions (control, pain, control+placebo, pain+placebo).
Authors observed that, for the first condition, during noxious processing, alpha power
decreased whereas no differences were found in the second condition; however, the
fourth condition revealed an alpha desynchronization, but smaller than in the second
condition. Nevertheless, all the studies found were conducted in healthy subjects
therefore we have no data of alpha functioning during placebo analgesia in CBP

patients.

According with the previous findings, we were aimed to explore anticipation and
painful stimulation. We hypothesized that CBP patients will show lower placebo
response than healthy controls. This might be reflected on subjective ratings, as well as
by changes on brain dynamics. Specifically, we expect that CBP will show an
enhancement of alpha power on frontal cortex in comparison with healthy controls in the

test phase (placebo response).

4.2.2. Methodology

4.2.2.1. Participants. The study included 20 patients diagnosed with persistent back
pain, lasting more than 6 months (10 women and 10 men) and 20 healthy controls (10
women and 10 men). Nevertheless, three of them were excluded because of technical
reasons. Therefore, 37 volunteers were included in the final analyses (see Table 3). CBP
patients were recruited from the Kovacs Clinic (Palma, Spain), a specialized centre for
CBP. Exclusion criteria included the presence of neurological disease, high blood
pressure, or opioid consumption in the last 2 weeks. Table 3 also displays medication
intake in both groups. A specifically designed information leaflet was given to all
subjects, and after agreeing to participate, individual written consent was provided. Prior
to the experiment, questionnaires assessing emotional state of the participants, State
and Trait Anxiety Inventory (STAI) (Seisdedos, 1982; Spielberger et al., 1970) and the

Beck Depression Inventory (BDI) (Conde et al., 1976; Beck et al., 1961), were also
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provided. The study was in accordance with the Declaration of Helsinki (1991) and was

approved by the Ethics Committee of the Universitat de les llles Balears (Spain).

Table 3.

Sociodemographic and Clinical Data

Healthy controls Chronic back patients
(n=18) (n=19)

Age (mean, SD) 48.6 (8.7) 48.3 (8.2)
Gender (n)

Male 8 9

Female 10 10
Medication (%)

Antidepressants 1.1 33.3

Analgesics/muscle 16.6 83.3

relaxants/NSAIDs

Anxiolytics 55 39
STAI (0-60)

State 19.3 29.7

Trait 20.4 30.7
BDI (0-63) 5.4 15.1

Note: NSAIDs = non-steroidal anti-inflammatory drugs.

4.2.2.2. Conditioning task. The paradigm used to assess placebo effects was a
response conditioning design (Wager and Atlas, 2015), with context enrichment
associative cues. In this type of paradigm it is combined instructions with reinforcement
to promote placebo response. In our particular case, heat stimuli corresponding with
three different intensities (high, medium and low) were applied during three different
phases: baseline, placebo conditioning, and test (see Figure 7a). During the first phase
(baseline), three heat stimuli (one of high-, one of medium-, and one of low-intensity)
were delivered to the left (50%) and to the right wrist (50%), following a
pseudorandomized order. The intensities of the high-, medium- and low-intensity heat
stimuli during this condition were 42°C, 40°C and 38°C, respectively (see Table 4). The

intensity levels of heat stimuli used in the present study were obtained from previous
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experiments in healthy volunteers (data not shown). Nevertheless, patients were asked
to rate the pain elicited just after each stimulus using a numerical scale (0= no pain,
10=unbearable pain) implemented on a computer keyboard, in order to ensure that they

could differentiate between intensities.

Table 4.

Temperatures in the Three Phases for Control, and Placebo Conditions

Temperatures (°C)

Phase Cream
High Medium Low
42 40 38
phase 1 no cream
42 40 38
control 42 40 38
phase 2
placebo 39 37 35
control 42 40 38
phase 3
placebo 42 40 38

Note. Phases correspond to conditioning trials, where phase 1 corresponds to the

baseline trial, phase 2 to the conditioning trial, and phase 3 to the test trial.

In the second phase (placebo conditioning), two innocuous creams were applied to
the inner wrist before heat stimuli were delivered. Both creams were composed of a
thick ointment (o/w emulsion q.s. 50g), with slight mint smells produced by methyl
salicylate-menthol 0.5% in the placebo cream or 0.25% in the control cream, in order to
enhance their expectations. In the same line, creams were packed in two different
labelled tubes, and participants were instructed that one tube contained a “moisture”
cream used to control the moisturizing effects on the skin, whereas the other one
contained a cream for pain relief. In half of participants, the moisture cream was applied
to the left wrist and the analgesic cream to the right wrist. After the application of the
creams, 30 heat stimuli of different intensities (10 of high-, 10 of medium-, and 10 of low-
intensity) were again delivered to the right (50%) and to the left wrist (50%), following a
pseudorandomized order. In order to enhance expectations of pain relief and increase
the placebo response, during this condition, intensities of heat stimuli were

surreptitiously reduced when they were delivered to the wrist with the “analgesic” cream.
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Thus, stimulus intensities of 42°C (high), 40°C (medium) and 38°C (low) were used
when delivering heat to the wrist with the moisture cream, whereas stimulus intensities
of 39°C (high), 37°C (medium) and 35°C (low) were used when delivering heat to the
wrist with the placebo cream. Participants were again asked to rate the pain elicited by

each stimulus using the same numerical scale as in the baseline condition.

The third phase (test) runs next to the placebo conditioning phase, just after a brief
pause (decided by the participant). Participants were told that the third phase was
designed in order to test long-term effects of the cream. For this purpose, 15 heat stimuli
(five of high-, five of medium-, and five of low-intensity) were delivered to the left (50%)
and to the right wrist (50%) as during baseline. The intensities of the high-, medium- and
low-intensity heat stimuli during this condition were identical as during baseline. Patients
were asked to rate the pain elicited by each stimulus using the same numerical scale as

in the previous conditions.

Trial presentation was controlled by a computer with Presentation software 15.0
(Neurobehavioral Systems, Berkley, USA, https://www.neurobs.com/), connected to a
thermal stimulator with a peltier, were volunteers placed the cubital wrist (one cm2). All
the trials followed an identical structure in the three conditions (see Figure 7b). The trial
started with a fixation cross on a black screen during 500 ms, and it followed by a colour
cue signalling the intensity level of the upcoming heat stimulus (a red screen for a high-
intensity stimulus, an orange screen for a medium-intensity stimulus, and a yellow
screen for a low-intensity stimulus). After a random interval (from four to ten seconds),
there was a beep requesting the participants to put cubital wrist on the peltier. After six
seconds (fixed interval), participants were requested to remove their wrist from the

peltier surface and to rate their pain.
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Figure 7.

Experimental Procedure (a) and Run Structure of One Trial (B).

a)
| | | |
phase 1 phase 2 phase 3
stimuli presentation conditioning test
cream
b) beep 1 beep 2
Instructiors + + +
Heat Stimulation
time=resporse 500 ms 410s 6s time=resporse

Note. Figure (a) displays the phase and cream application order, and (b) shows the trial

structure.

4.2.2.3. EEG recording and materials. The EEG was recorded from a QuickAmp
amplifier (Brain Products, Munich, Germany) at a sampling rate of 1.000 Hz, using a 64
electrodes cap placed in accordance with the International 10-20 System (Electro-Cap
international Inc., Ohio, USA). Electrooculogram (EOG) was also recorded in order to
correct possible ocular artifacts. Ground was placed anteriorly to location of FCz
electrode and common reference was used. Electrode impedances were measured to
be less than 5 kQ, and a 50Hz Notch filter was applied during data acquisition. Besides
the EEG cap was placed already during the stimuli presentation, this time was used to
stabilize participants. EEG data was recorded only during placebo conditioning and test
phases. In addition, electromyography was acquired from the surface (40x50 mm) of the

extensor digitorum muscle in both arms to visually control that participants follow the
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procedure during the experiment (i.e., to check they actually move and place the wrist

on the peltier were the subjects placed the cubital wrist).

4.2.2.4. Procedure. The experiment was conducted in a room from of the Pain Unit
of Hospital Son Espases (Palma de Mallorca, Spain), to adequate the context to medical
procedures, and besides enrich associative cues. Participants where told that they were
part of a study designed to understand the brain processing during analgesia. After
written informed consent, participants completed the previously detailed questionnaires.
Then, participants were seated on a chair from 1,5 m eye distance from the computer
screen (LCD 21.5"), and EEG was placed. The instructions of the experiment were
delivered to the volunteers in paper format, with the aim of influence the less in the

participants.

4.2.2.5. Data reduction and analysls. For the statistical analyses of the clinical data,
it was conducted an univariate analysis of variance (ANOVA), in which the between
subjects factor was GROUP (CBP, HC). Furthermore, in order to examine pain ratings of
the three different intensities of thermal stimulation presented, phase 1 was analyzed
with a 2x2x3 ANOVA with the between subject factor GROUP (CBP, HC), and the within
subjects factors CREAM (A, B), and INTENSITY (High, Medium, and Low). After a first
analysis of pain ratings, we observed no significant differences for low intensities, so it
was selected as baseline and subtracted to the medium and high intensities of phases 2
and 3. The new computed variables were used for the statistical analyses, a 2x2x2
ANOVA, with the between subjects factor GROUP (CBP, HC), and the within subjects
factors CREAM (A, B), and INTENSITY (H-L, M-L).

The EEG data from second and third phases was offline filtered with high and low
pass filter setting at 2 Hz and 40 Hz, respectively. Data were segmented in epochs
based on the marker of the cue for high, medium, and low temperatures. Afterwards, it
was selected the segment between the first beep, to the second beep (from 1000 ms to

6000 ms, to avoid movement artifacts the first second was removed from the analysis).
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Then, the previously segmented data were again segmented in epochs of one second.
Ocular movements were corrected using a standardized regression method (Gratton et
al., 1983). In addition, an artifact rejection protocol with following criteria was applied:
maximal allowed voltage step/sampling point 200 pV, minimum allowed amplitude -200
MV, maximal allowed amplitude 200 pV, and maximum allowed absolute difference 200
uV. Fast Fourier Transform (FFT) was computed for the theta (3-8 Hz), alpha (8-12 Hz),
and beta (12-30 Hz) bands. FFT power density (uV2/Hz) was corrected with a Hanning

window (10%), and exported with a resolution of 0.1 Hz.

For the statistical analyses electrodes were pooled in fronto-central (Fz, F1, F2, F3,
F4, FCz, FC1, FC2, FC3, FC4, Cz, C1, C2, C3, C4) and centro-parietal (Pz, P1, P2, P3,
P4, CPz, CP1, CP2, CP3, CP4); and subjected to appropriate transformations to
approach Gaussian distribution (log 10). Thereafter, the power of the different bands
was analyzed by means of ANOVA (2x2x2) for each intensity level in test phase. The
between subject factor was GROUP (CBP, HC), and the within subjects factors CREAM
(A, B), and LOCATION (FC, CP). Afterwards, alpha, beta, and theta ERD during
anticipation period were analysed by using the resting time of 500 ms of fixation cross
previous to display the cue as a baseline (BL). ERD was calculated following the formula
used by Babiloni et al. (2006): ERD%= (Stimuli-BL/BL)*100. Then, ERD% data was

analyzed following the above-indicated ANOVA.

4.2.3. Results

4.2.3.1. Clinical and Behavioral results. The statistical results of clinical data, bring
to light a significant effect in the factor GROUP both for STAI and BDI: STAI-S F(1,34) =
7.4 p<0.01; STAI-T F(1,34) = 7 p<0.012; BDI F(1,34) = 13.8 p<0.001. Further analysis
suggest that CBP show larger emotional distress than HC. Whereas CBP may be
situated around the quantile 70, HC would be situated below quantile 50, in both trait
and state anxiety. Data is revealing anxiety disorders within the CBP group. In addition,

CBP score higher in BDI revealing mild depressive symptoms.



No Brain No Pain 72

The statistical analyses of the subjective pain ratings of the presentation phase
(phase 1) revealed a significant effect in the factor INTENSITY (F(2,70)=21.3, p<0.001).
Further analyses showed that all the participants rated the high intensity stimulus as
more painful than the medium, and medium as more painful than the low ones (p<0.01).
In the second ANOVA (conditioning and test phases), it was significant the factor
CREAM (F(1,35)=8.5, p<0.01), and the interactions PHASE X GROUP (F(1,35)=10.3,
p<0.01), PHASE X CREAM X GROUP (F(1,35)=7.6, p<0.01), and PHASE X
INTENSITY X GROUP X CREAM (F(1,35)=5.6, p<0.05). Post-hoc analyses revealed
that in phase 2 CBP patients rated the control cream condition as more painful than the
placebo one, whereas HC showed no differences. Within the test phase, both groups
rated the control cream condition as more painful than the placebo one (CBP p<0.05;
HC p<0.01). However, only for the high intensity HC rated the control cream condition as
more painful than the placebo one (p<0.01), while no differences were found for the
CBP patients. This last effect reveals that, the placebo effect appeared mainly for the

HC group, in the high intensity condition (see Figure 8).

Figure 8.
Subjective Ratings Results
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Note: Mean (SD, error bars) (a) subjective ratings average on phase 1
(temperature presentation). (b) Subjective ratings transformations in the High-Low
condition. (c) Subjective ratings transformations in the Medium-Low condition for

conditioning (phase 2) and test (phase 3) trials. **p<0.01.

4.2.3.2. EEG results

4.2.3.2.1. Anticipation period. ERD analysis was performed for the anticipation
period, and analyzed into three ANOVAs according to the three pain intensities. During
this period, alpha power reveals a significant effect, only for the high intensity, in the
interaction factors CREAM X GROUP (F(1,35)=6.7, p<0.05), LOCATION X CREAM X
GROUP (F(1,35)=4.9, p<0.05). Post-hoc analyses expose that ERD was greater for
placebo than control condition just for CBP (p<0.05) at fronto-central and centro-parietal
locations. The ANOVA conducted on the theta and beta power did not reveal significant

results at any condition.
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4.2.3.2.2. Heat stimulation. In the test phase, alpha band showed significant effects
in the high intensity for the factor LOCATION (F(1,35)=8.5, p<0.01), and the interaction
factors LOCATION X GROUP (F(1,35)=5.9, p<0.05), LOCATION X CREAM (F
(1,35)=9.5, p<0.005), LOCATION X CREAM X GROUP (F(1,35)=5.6, p<0.05). In the
post-hoc analyses it was observed that during the test phase, CBP patients within the
placebo condition, showed alpha power enhancement compared to the control condition
in fronto-central location (p<0.05), and it was also greater for CBP compared to healthy

controls in both conditions (see Figure 9).

Figure 9.
FFT Power Density of Alpha Distribution in the Test Condition During Heat Stimulation
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Note. The figures display the significant interaction effect of LOCATION X CREAM X GROUP. BL =

Base line, HC = healthy controls, CBP = chronic back pain.

In turn, at centro-parietal location, the control condition exhibits greater alpha power
in CBP patients (p<0.05), whereas there was no difference for the placebo condition. For
the medium intensity, it was found significant the factor LOCATION (F(1,35)=4.4
p<0.05), and the interaction LOCATION X CREAM X GROUP (F(1,35)=6, p<0.05).
Further analyses expose that for medium intensities CBP patients exhibit more alpha
power than healthy controls in fronto-central location (p<0.05). For the CBP group, the

control condition showed no differences. Nevertheless, in the placebo condition CBP
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displayed greater alpha power than healthy controls (p<0.05). Finally, in the low intensity

no significant results were found.

4.2.4. Discussion

The aim of the present study was to investigate the brain response during placebo
analgesia in CBP patients, and to assess differences in placebo effect between CBP
and HC. For this purpose, a response conditioning design with verbal suggestion, and
rich associative cues (hospital setting and creams formulation) was conducted. In our
study, an inert cream was used as placebo (B) and control (A), however, participants
were told that cream B has an analgesic effect in order to enhance positive expectancy.
To generate more robust placebo analgesia response, conditioning was performed by
surreptitiously reducing pain intensity of thermal stimulation in the placebo condition
during conditioning phase. In the test phase, pain intensities were adjusted to the initial
ones (presentation phase), and it was the same for placebo and control conditions. EEG
was analyzed during the processing of painful stimulation, and during anticipation

period, in absence or presence of a placebo manipulation.

The analysis of anxiety and depression scores revealed that CBP patients exhibit
more negative affect than healthy subjects. Results are in accordance to previous
studies revealing that patients with musculoskeletal pain have more risk to suffer from
mild to severe symptoms of depression and anxiety, which have an important role
modulating pain perception (Arola et al., 2010), or even also resulting in less cognitive
flexibility (Jones et al., 2013). On the other hand, affective research has pointed out that
alpha enhancement could be involved in emotional modulation of perception and
attention via cortical inhibition (Uusberg et al., 2013). PFC is also involved in the belief of
self-control of pain, limiting fear of pain, cognitive reappraisal via inhibition of limbic
system or generating new emotions (for review, see Tracey, 2010). Morton et al. (2009)
proposed that the reduction of anxiety generated by optimist expectations of relief could

be an important factor in the placebo analgesia response. Actually, one year later, the
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same authors found out that reductions in anxiety were associated to reduction in
anticipatory processes in placebo analgesia experiment (Morton et al., 2010). Research
also suggests that increase endogenous opioid tone may potentiate placebo analgesia
(e.g., after exercise), but anxiety reduces this endogenous effect (van Hecke et al.,
2013). Therefore, data suggest that enhanced anxiety scores could be interfering in the

placebo analgesia response in CBP patients.

The analyses of pain ratings from the first phase reveal that participants could
perfectly distinguish the three different pain intensities presented. Regarding to the test
phase, we observed that both groups showed reduced pain scores in the placebo
condition, reflecting placebo analgesia effect. As consequence, our data are in
agreement with a previous studies conducted in patients with irritable bowel syndrome
and CBP (Klinger et al., 2017; Price et al., 2009), revealing that patients may also
achieve placebo analgesia responses. However, for the highest intensity in the placebo
condition, only HC showed a significant decrease in pain ratings. Therefore, as
expected, CBP patients showed less reduction in pain ratings, hence less placebo-

induced analgesia response, but only for high intensities.

In order to assess anticipation processes in our study, stimuli were preceded by a cue
indicating the intensity of the following heat. According to Brown et al. (2008), under
certain conditions, anticipation was a predictor of pain processing, and certain
expectations of high pain would increase pain perception. Indeed, Babiloni and cols.
(2006) put forward that alpa ERD predicts subjective evaluations of pain; in fact, the
greater the alpha suppression, the higher the pain perception. In this line, our EEG
results about the anticipation period, reveal a greater decrease of alpha over frontal and
centro-parietal locations in response to placebo in CBP compared to HC. Therefore, the
alpha desynchronization observed in our experiment could reflect cognitive processing
of the cue, generating expectancy about pain intensity in CBP. In this line, studies
suggest that attention, semantic memory, and action planning lead to alpha

desynchronization (Klimesch, 1999; Uusberg et al., 2013), whereas alpha
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synchronization accompanies voluntary top-down inhibition of motor responses
(Hummel et al., 2002; cited in Uusberg et al., 2013). It has been argued that alpha
synchrony might represent top-down control of sensory inputs, and it could reflect
reduced attention to external stimuli and focus in internal expectations (Klimesch et al.,
2007). Considering that, it can be argued that CBP reflected greater self-focusing in their

own expectations previous noxious stimulation.

During noxious stimulation in the placebo condition during both conditioning and test
phases, HC did not reveal any significant change in the studied bands, while processing
medium and high stimuli intensities. Besides, alpha power was lower than for CBP along
the conditions. Our results are in agreement with previous research. In this line, the
most widespread finding assumes that under any painful stimulation, HC would display a
decrease of alpha power (Bromm & Lorenz, 1998; Chen & Rappelsberger, 1994;
Dowman et al., 2008, Huber et al., 2006), whereas chronic pain patients show increased
frontal alpha power (Jensen et al., 2013). Indeed, it is argued that exists a positive
correlation between the subjective pain intensity and alpha power (Nir et al., 2010).
Results in healthy subjects, are also in agreement with the only found study assessing
alpha band and placebo condition (Li et al, 2016), in which an alpha desynchronization

during placebo analgesia were observed.

During noxious stimulation in the placebo condition of test phase, CBP show an
enhanced alpha power over frontal locations while processing medium and high stimuli
intensity. In fact, CBP patients seem to show different alpha power distribution and
topography than HC, which is consistent with previous research (e.g., Jacobs et al.,
2010). Some authors have explained the observed increase of frontal alpha power in
patients with relation to drowsiness (Jensen et al.,, 2013). They argue that frontal
locations may play a role in pain suppression, and enhanced frontal alpha would reflect
less success in suppressing pain by top-down processes. Based in previous studies, it is
possible to argue that in our study, frontal alpha enhancement in CBP could be reflecting

a deficit in retrieving memories reflected in a lack of frontal activity during pain
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processing. It could be argued that CBP patients are not able to recall memories of pain
reduction (Jones et al., 2013). Thus, it may induce to a disruption in learning placebo
responses, and hence an abnormal pain processing via disrupted top-down pain

regulation.

In summary, our data are in agreement with previous studies where placebo
conditioning, plus verbal suggestions and associative cues (in this case, hospital setting
and creams formulation), may induce placebo analgesia responses. Furthermore,
placebo manipulations affect brain processing in CBP patients by enhancing alpha
power, leading patients to not achieve proper placebo analgesia response,
demonstrating a lack of ability inhibiting ascending nociceptive inputs under certain
conditions. These results have clinical implications due to the fact that every therapy
have a placebo component, and is possible that these patients may not benefit of it, with
the result of greater pain perception. To our knowledge, there is not another study

addressing alpha power during placebo analgesia in CBP patients.
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5. GENERAL DISCUSSION AND CONCLUSIONS

Both studies included in the present thesis were aimed to investigate neuroplasticity
mechanisms involved in top-down modulation of chronic pain and how they could affect
clinical treatments. The general hypothesis of this thesis is that chronic pain lead to
neurobiological changes that affect clinical treatment outcomes, and they can be altered
by learning and expectancy processes, as the biopsychosocial model of pain predicted,
that will be reflected in EEG and behavioral abnormalities. For this purpose, two studies
were conducted in clinical samples, FM and CBP, in which EEG recordings were
analyzed. Results from both studies support the main hypothesis, as we will discuss
below. The fist three objectives are fulfilled by the first study, and the following two by

the second study.

The first objective of the present thesis was to assess the effectivity of LF-rTMS over
rDLPFC in reducing depressive and pain symptoms in patients with a clinical history of
MD and FMD patients. According to literature, negative emotions can be a predisposing
factor to develop chronic pain (Lerman et al.,, 2015, Meints & Edwards, 2018), and
indeed depression and chronic pain are shared in 80% of patients (Poole et al., 2009).
This high comorbidity could be reflecting a shared pathophysiology, because oftentimes
antidepressant drugs are prescribed to chronic pain patients, demonstrating analgesic
effects (Kleiber et al., 2005). LF-rTMS over rDLPFC has been revealed as a probable
useful therapeutic tool for depression management (Lefaucheur et al., 2020) and it even
has been approved by the FDA for the treatment of resistant depression (Philips et al.,
2018). Conversely, it did not show effectiveness for pain management (O’Conell et al.,
2018), remaining unclear whether pain response is depending on negative emotions.
The results of the first study indicate an overall subjective reduction in pain and
depressive symptoms, in both treatment groups (placebo and real LF-rTMS). Therefore,
our study failed to replicate a previous study in which was applied LF-rTMS over
rDLPFC and authors found a reduction in depression and pain after treatment (Lee et

al., 2012). However, our data is a sub-sample of the study from Carretero et al. (2009),
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in which no differences were found between sham and real stimulation in depression
and pain. In this line, a recent meta-analysis conducted to assess rTMS validity in pain
treatment shown the inefficacy of LF-rTMS over DLPF for pain treatment (O’Connell et
al., 2018). Taken all together, we can conclude that LF-rTMS over rDLPFC is not more

effective than sham stimulation as comorbid pain and depression treatment.

The second objective was to explore neuroplasticity induced by LF-rTMS. It was
observed that, despite of the behavioral improvements, brain dynamics do no reflect that
change. Within the MD group, results of alpha asymmetry are in agreement with
previous studies showing frontal asymmetry in depressive patients as a possible
biomarker (Davidson, 1995; Henriques & Davidson, 1990, 1991; Roemer et al., 1992).
Nevertheless, it changes slightly after the treatment, showing that rTMS somehow
affected their neural plasticity. However, in our study we cannot explain if left frontal
increase in alpha power could have been caused either by a decrease in right or
increase in left hemisphere. In this line, depressed patients treated with placebo exhibit
EEG changes in PFC particularly in the right hemisphere (Benedetti & Amanzio 2011).
Therefore, it is possible that these changes observed in our study may be due to a
decrease in right hemisphere. On the other hand, in the FMD group no changes were
observed in alpha asymmetry post-treatment, showing a stable asymmetry pattern with
more alpha activity over the right hemisphere reversed to the one showed by depressive
patients. Although both group of patients share MD diagnosis, their brain dynamics are
way different. Other possible explanation of the absence of asymmetry change in FMD
relies on a study conducted by Goffaux et al. (2009), which demonstrate that FM
patients treated with placebo show spinal hyperexcitability even if pain ratings were

reduced, so its is possible that spine keep the brain tone stable through the procedure.

The third objective of this thesis was to better understand the induction of positive
expectations during a clinical trial. In the first study, participants in a clinical trial were
told that the treatment was performed to alleviate depression and pain, therefore both

variables could have been affected by the positive expectation induction. Our results are
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in accordance with previous studies, showing the implication of expectations in
treatment outcomes. For instance, Jakovljevic’ (2014) revealed that depressive patients
have been proved to be highly responsive to placebo suggestions. Moreover, Goffaux et
al. (2007) said the same regarding pain, stating that the endogenous pain inhibitory
systems can be also modulated by expectations affecting active drug’s efficacy.
According to some authors, expectation of pain level represents up to 77% of the
variance in post-treatment pain ratings (Vase & Wartolowska, 2019). Therefore,
expectations could have mediated behavioral results, affecting rTMS treatment
outcomes. In addition, according to some authors, nocebo responses, or lack of placebo
responses, can be observed in clinical trials and practice as discontinuation of
participation, need of higher dosis, and lack of treatment adherence (Colloca, 2019;
Jakovljevic’, 2014). In our study, thirteen subjects did not finish the clinical trial, possibly

due to nocebo responses.

According to neuroimage studies, expectations for pain impairment frequently
correlate with brain activation changes related with PA (Schafer et al., 2018). Even
though specific areas involved in PA expectations are not yet identified (Schafer et al.,
2018), a vast literature support the idea that areas related the most with PA expectations
are prefrontal areas, such as ACC and PFC, and PAG (Bingel et al., 2006; Goffaux et
al., 2007, 2009; Petrovic et al., 2010; Lorenz et al., 2005; Vase & Wartolowska, 2019),
but also thalamus, insula, AMG and somatosensory cortex. Intriguingly, in our study we
applied LF-rTMS, which inhibits cortical activity of the right DLPFC, therefore it would
not be expected a placebo response due to the inhibition on the area, as occur in the
Krummenacher et al. (2010) study, which found a PA reduction leaded by Lf-rTMS over
DLPFC. In that study it was performed a conditioning paradigm (unlike ours, that we just
induced positive expectations via verbal suggestions).Therefore, a possible explanation
is that the applied neurostimulation technic did not affect the expectation pathway, as
does with the conditioning one. According to the dual-process model of Schafer et al.
(2018), PA would rely on two separate but connected processes: accumulative and

dynamic. The first one would be related to conditioned responses, and the last one
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would be in charge of the PA depending on expectations. Therefore, the divergence with
the Krummenacher et al. study could be explained by these two different processes

used to generate the PA response, supporting the dual-process model.

Deriving from the third objective, the forth objective was to know if there exist
differences in PA response in experimental pain between healthy volunteers and CBP
patients. Plenty of studies using chronic pain populations indicate that they are able to
achieve a PA response (see Colloca, 2019). However, to our best knowledge, no other
studies were conducted about differences with healthy subjects in their response. In
addition, placebo seems to be modulating the efficacy and tolerability of analgesic
treatments, and it may be also contributing to the lack of adherence to treatments
among patients (Bingel, 2014; Jakovljevic’, 2014), revealing a major clinical implication.
Indeed, it is hypothesized that the ineffectiveness of treatments in chronic pain may be
related to the lack of capabilities to activate proper learning mechanisms to readjust pain
mechanisms altered in chronic pain (Ingvar, 2015). Our study revealed, in line with
previous studies, that CBP achieve PA; nevertheless, their response, for highest
administered pain, was reduced compared to healthy participants. Following the
assumptions of the biopsychosocial model of pain, and according to literature, several
factors could be explaining this effect, such as emotions, cognition, and biological

differences.

Emotions can contribute to pain modulation, as we learnt in previous sections. In line
with the first study, it was observed that chronic pain patients show more negative
affects than healthy volunteers, that may have contributed to pain maintenance due to
its rol of integration of sensory pain with other sensory system’s information (Wagner et
al., 2009). Though in the presented experiment it was not possible to assess if negative
emotions were a consequence of chronic pain or an underlying factor, some studies
point it to be a predisposing factor to develop and maintain chronic pain (Lerman et al.,
2015, Meints & Edwards, 2018). Moving to PA field, Kosek et al. (2017) found that

placebo responders show less depressive symptoms and catastrophizing thoughts than
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not responders. Therefore, negative emotions observed in the CBP sample could also

have interfered with the placebo response, thus collaborating to their pain maintenance.

Cognitive factors could have also mediate the abnormal PA response in CBP.
Previous research indicates that placebo responses are mainly mediated by learning
mechanisms and cognitive expectancy (Coleshill et al., 2018; Colloca, 2014). Patients
have way more experience in medical situations than healthy subjects, and prior
therapeutic experiences modulate PA response (Colloca, 2019; Vase & Wartolowska,
2019). Indeed, conditioning, observational, and instructional learning are supposed to
combine generating as well positive or negative expectations, and conditioned

responses (Colloca, 2014).

Among biological factors explaining results, we fulfill our fifth objective, that was to
explore whether brain frequencies would be affected by chronic pain patients while
processing PA. Neuroanatomical and neurofunctional abnormalities in chronic pain
patients can contribute to the reduced PA response. For instance, some authors stated
that pain intensity is maintained by sustained activation of PFC (Baliki et al., 2006,
2011), and patients display a significant atrophy in cortical gray matter in the DLPFC
(Apkarian et al., 2004). Moreover, chronic pain patients exhibit aberrant activity in the
brain frequency domains (Kisler et al.,, 2020). Chronic pain patients also show
alterations in endogenous systems, such as the endocannabinoid and opioid systems.
In that regard, growing evidence points to the endocannabinoid system as the biological
substrate for affective and painful comorbidity, showing disrupted endocannabinoid
signaling in both chronic pain and depressive patients, also pointing to a regulatory role
on opioid transmission (Fitzgibbon et al., 2015; Huang et al., 2016). Regarding
endocannabinoid system, patients show reduced serum levels of endocannabinoids,

and genetic alterations in CB1 receptor and FAAH (Fitzgibbon et al., 2015).

In this line, in our study, HC did not show alpha power changes during the

anticipation (or expectation) period, whereas CBP showed alpha power reduction in
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frontal locations, and so an increase in frontal activity. As mentioned above, placebo
expectations are associated with greater activity in left ACC, right precentral PFC, and
left PAG (Vase & Wartolowska, 2019). One explanation of the results could be that the
learning of the effectiveness of the placebo during the conditioning phase must be
matched with the incoming input, and the mismatch activates PFC to retrieve memories
and maintain the belief about the treatment (Watson et al., 2009), activating learned
mental schemas involved in the dynamic process, as stated by the dual process model.
That process might have an abnormal functioning in CBP patients, reducing the
attention to external stimuli and focusing in their own expectations (Klimesch et al.,
2007), that can be altered by previous learning. On the other hand, the alpha
enhancement observed during pain processing in the placebo condition, in CBP unlike
HC, could be reflecting a lack of top-down pain control. As it was previously mentioned,
CBP patients present neuroanatomical and functional impairments that could explain the
PA disfunction, due to the the relation of the impaired areas with top-down mechanisms
of pain control (Apkarian et al., 2004; Baliki et al., 2004, 2006; Grachev et al., 2000). In
this line, it has been proved that placebo responders have better cognitive performance
in processing speed than non-responders, demonstrating the implication of frontal lobes
in placebo (Benedetti & Amanzio, 2011). Indeed, a recent study conducted with patients
with neurocognitive disorders revealed that PA is related functionally with executive
functioning, and anatomically with the medial-PFC (in particular, the medial-cingulate
cortex), concluding that the greater the atrophy, the lower placebo response (Palermo et
al., 2019). Hence, the soft placebo response observed in CBP patients, in addition to
frontal alpha enhancement during pain processing, could be interpreted as an

impairment of frontal mechanisms involved in the placebo effect.

In a nutshell, the results of the present thesis are in accordance with a recent meta-
analysis (O’Connell et al.,, 2018) and confirm that LF-rTMS over rDLPF is not an
effective therapy for pain management. Furthermore, it may even interfere with
endogenous pain control mechanisms (Krummenacher et al., 2010). Despite of

subjective reduction in depressive symptoms and pain ratings after rTMS treatment,
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brain asymmetry remains steady in FMD patients. Moreover, in the second study, brain
frequencies of CBP depict abnormalities both in expectation and noxious stimulation
processing, revealing differences in pain processing. Maybe, these abnormalities (i.e.,
stable and dysfunctional alpha asymmetry and different alpha power distribution in PA
response) are leaded by neuroplasticity changes induced by chronic pain states,
revealing alpha asymmetry as a plausible candidate as a biomarker for chronic pain.
Therefore, we can assume that chronic pain leads to neurological changes that affect
treatment outcomes. Moreover, expectations can interfere with clinical treatment
outcomes. In fact, it was observed that the expectation-induced PA is not reversed by
LF-rTMS, as occur when it is induced by conditioning, revealing a different pathway for
both processes, supporting the dual-process model. Derived from our data, we can infer
that expectations in chronic pain patients do not depend on areas located in rDLPFC,
because the applied LF-rTMS was not able to inhibit its action. In the second study, it
was also observed that chronic pain seem to lead to different expectation processing.
According to the dual-process model, expectations are formed by a dynamic process in
which new information is analyzed to be placed in the mental schema of that very
situation, so it is possible that CBP patients, because of their greater medical
experience, may require a bigger effort to set the new information in their situational
schema, needing more frontal functioning implication than healthy people. Furthermore,
it was revealed that despite of chronic pain patients can achieve PA, their response is
lower than healthy controls. CBP patients show reduced PA response compared with
healthy subjects, and it could be mediated by brain abnormalities. Brain frequencies
may be manipulated with PA paradigms, but chronic pain patients show brain
abnormalities, negative emotions, and cognitions, reflected in impairments of learning
processes associated to pain control, that may be influencing the maintenance of pain
and the ineffectiveness of therapies, interacting with the ongoing therapies, and either

decreasing its efficacy.
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5.1. Conclusions

1. LF-rTMS over rDLPFC is not an effective therapy for chronic pain management.

2. Expectations about the treatment outcomes may generate PA in a clinical trial,

altering the results. Therefore, it is important to control for expectations in clinical trials

by asking participants about them.

3. LF-rTMS over rDLPFC does not inhibit PA induced by expectations, generated via

verbal suggestions.

4. Chronic pain patients respond to PA procedures, including or not conditioning, but

their response is lower than healthy subjects.

5. Chronic pain patients show greater anxiety and depression scores, compared with

healthy subjects, which could interfere in the PA response.

6. During PA processing, chronic pain patients show alpha desynchronization during

anticipation, and alpha enhancement in frontal cortex during painful stimulation.

7. Chronic pain patients show neurobiological alterations derived from neuroplasticity

mechanisms, which in turn affect PA response.

8. The biopsychosocial model seem a good model to explain PA, however the dual-

model process is more accurate in describing underlying processes in PA.
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5.2. Limitations

There exist some critics about how is induced the placebo condition in rTMS
controlled studies, due to the fact that placing the coil at 45° is also giving some
stimulation, and is capable to evoke potentials (Lisanby et al., 2001; Loo et al., 1999,
2000). This effect of the placebo condition could also be causing the lack of differences
between both groups of patients (placebo vs real LF-rTMS). In the first study, age
differences observed in placebo and treatment groups were not included in the analyses
as covariable, neither the pre- treatment base line differences between FMD and MD.
Furthermore, thirteen subjects did not finish the clinical trial, and therefore our sample

was smaller than expected.

In none of the studies were asked the subjective expectation level of participants, and
it could have be used as a controlling factor (Colloca, 2019). Interactions of emotions
and treatment were not assessed in the second study. In the second study, frontal
assessment in the participants (either anatomical or neuropsychological) would have

also been useful to correlate placebo analgesia response with frontal function.
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6. FUTURE DIRECTIONS

The results of the presented studies, and the observed limitations, aim to continue
researching in pain control procedures for chronic pain patients resistant to
pharmacological treatments. The field of research | am working in nowadays is
cannabis, pain and quality of life, in which we are conducting two different studies in
collaboration with the Universitat de Valéncia and the Observatorio Europeo de Cultivo y
Consumo de Cannabis. Moreover, | was asked from the Revista Espafola de

Drogodependencias to write an editorial paper about cannabis and pain (Annex II).

The dual-process model for PA states that expectations of relief are mediated by the
opioid system (dynamic process), whereas conditioning is mediated by the
endocannabinoid system (accumulative process), and they should be processed in
different brain areas, but this is not yet clearly defined (Schafer et a., 2018; Coleshill et
al., 2018). The presented studies show that despite of chronic pain patients show PA
response, they are not leveraging the full benefits of top-down pain control. However, it

is still unknown how this lack of effects are mediated.

Growing literature put forward the implication of the endocannabinoid system in
chronic pain and negative affects, such as anxiety and depression (Boychuck et al.,
2015; Hillard & Liu, 2014). Since the dual process model exposes that learning
mechanisms mediating PA would be relaying on cannabinoid system, it is possible that
the observed disfunction of the endocannabinoid system could interfere the
accumulative process and mediate in the lack of top-down mechanisms of pain control

observed in chronic pain patients, and until now this is also an unsolved question.

On the other side, molecular studies pointed to genetic differences related to
endocannabinoid signaling in placebo responders and not responders (Pecina et al.,
2013), exposing a down regulation of CB1 receptors as a possible cause of the reduced

placebo responses (Pecina & Zubieta, 2015). Chronic pain patients show alterations in
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CB1 and CB2 receptors and FAAH (Fitzgibbon et al., 2015). In addition, growing
literature supports the idea of the role of the endocannabinoid system in depression/
anxiety and pain comorbidity. Therefore, there is a disruption of endocannabinoid
signaling in chronic pain populations that would be affecting their emotions and the top-
down regulation of pain control. Literature back that exogenous cannabinoids alleviate
pain and depressive symptoms (Huang et al., 2016), so it is possible that cannabis acts
over the neural circuits in charge of top-down regulation of pain and emotions.

Threrefore, solving all these questions will have important clinical implications.



No Brain No Pain 90

REFERENCES

Allen, J. J., McKnight, K. M., Moreno, F. A., Demaree, H. A., & Delgado, P. L. (2009).
Alteration of frontal EEG asymmetry during tryptophan depletion predicts future
depression. Journal of Affective Disorders, 115(1-2), 189-195. https://doi.org/

10.1016/j.jad.2008.08.003.
Allen, J. J., Urry, H. L., Hitt, S. K., & Coan, J. A. (2004). The stability of resting frontal

electroencephalographic asymmetry in depression. Psychophysiology, 41(2),

269-280. https://doi.org/10.1111/j.1469-8986.2003.00149.x.
Altas, E. U., Askin, A., Besiroglu, L., & Tosun, A. (2019). Is high-frequency repetitive

transcranial magnetic stimulation of the left primary motor cortex superior to the
stimulation of the left dorsolateral prefrontal cortex in fibromyalgia syndrome?.
Somatosensory & Motor Research, 36(1), 56-62. https://doi.org/
10.1080/08990220.2019.1587400.

Amanzio, M., & Benedetti, F. (1999). Neuropharmacological dissection of placebo
analgesia: expectation-activated opioid systems versus conditioning-activated
specific subsystems. The Journal of Neuroscience, 19(1), 484—-494. https://

doi.org/10.1523/JNEUROSCI.19-01-00484.1999.
Apkarian, A. V., Bushnell, M. C., Treede, R. D., & Zubieta, J. K. (2005). Human brain

mechanisms of pain perception and regulation in health and disease. European
Journal of Pain (London, England), 9(4), 463-484. https://doi.org/10.1016/

j-ejpain.2004.11.001.
Apkarian, A. V., Sosa, Y., Sonty, S., Levy, R. M., Harden, R. N., Parrish, T. B., &

Gitelman, D. R. (2004). Chronic back pain is associated with decreased
prefrontal and thalamic gray matter density. The Journal of Neuroscience,

24(46), 10410-10415. https://doi.org/10.1523/JNEUROSCI.2541-04.2004.
Arola, H. M., Nicholls, E., Mallen, C., & Thomas, E. (2010). Self-reported pain

interference and symptoms of anxiety and depression in community-dwelling
older adults: can a temporal relationship be determined?. European Journal of

Pain, 14(9), 966-971. https://doi.org/10.1016/j.ejpain.2010.02.012.



No Brain No Pain 91

Babiloni, C., Brancucci, A., Del Percio, C., Capotosto, P., Arendt-Nielsen, L., Chen, A.
C., & Rossini, P. M. (2006). Anticipatory electroencephalography alpha rhythm
predicts subjective perception of pain intensity. The Journal of Pain, 7(10),

709-717. https://doi.org/10.1016/j.jpain.2006.03.005.
Baliki, M. N., Baria, A. T., & Apkarian, A. V. (2011). The cortical rhythms of chronic back

pain. The Journal of Neuroscience, 31(39), 13981-13990. https://doi.org/

10.1523/JNEUROSCI.1984-11.2011.
Baliki, M. N., Chialvo, D. R., Geha, P. Y., Levy, R. M., Harden, R. N., Parrish, T. B., &

Apkarian, A. V. (2006). Chronic pain and the emotional brain: specific brain
activity associated with spontaneous fluctuations of intensity of chronic back
pain. The Journal of Neuroscience, 26(47), 12165-12173. https://doi.org/
10.1523/JNEUROSCI.3576-06.2006.

Bandura A. (1969). Social learning of moral judgments. Journal of Personality and

Social Psychology, 11(3), 275-279. https://doi.org/10.1037/h0026998.
Bandura, A., O'Leary, A., Taylor, C. B., Gauthier, J., & Gossard, D. (1987). Perceived

self-efficacy and pain control: opioid and nonopioid mechanisms. Journal of
Personality and Social Psychology, 53(3), 563-571. https://doi.org/

10.1037//0022-3514.53.3.563.
Bar, K. J., Wagner, G., Koschke, M., Boettger, S., Boettger, M. K., Schlésser, R., &

Sauer, H. (2007). Increased prefrontal activation during pain perception in
major depression. Biological Psychiatry, 62(11), 1281-1287. https://doi.org/
10.1016/j.biopsych.2007.02.011.

Barker, A. T., Jalinous, R., & Freeston, I. L. (1985). Non-invasive magnetic stimulation
of human motor cortex. Lancet (London, England), 1(8437), 1106—1107. https://

doi.org/10.1016/s0140-6736(85)92413-4.
Basbaum, A. |., Bautista, D. M., Scherrer, G., & Julius, D. (2009). Cellular and

Molecular Mechanisms of Pain. Cell, 139(2), 267—-284. https://doi.org/10.1016/
j-cell.2009.09.028.

Bass C. (2009). The role of emotion in determining pain. Digestive Diseases (Basel,

Switzerland), 27 Suppl 1, 16-23. https://doi.org/10.1159/000268117.



No Brain No Pain 92

Beck A. T., Ward, C. H., Mendelson, M., Mock, J., & Erbaugh, J. (1961). An inventory
for measuring depression. Archives of General Psychiatry, 4, 561-571. https://

doi.org/10.1001/archpsyc.1961.01710120031004.
Bell, I. R., Schwartz, G. E., Hardin, E. E., Baldwin, C. M., & Kline, J. P. (1998).

Differential resting quantitative electroencephalographic alpha patterns in
women with environmental chemical intolerance, depressives, and normals.
Biological Psychiatry, 43(5), 376-388. https://doi.org/10.1016/

s0006-3223(97)00245-x.
Bench, C. J., Friston, K. J., Brown, R. G., Frackowiak, R. S., & Dolan, R. J. (1993).

Regional cerebral blood flow in depression measured by positron emission
tomography: the relationship with clinical dimensions. Psychological Medicine,

23(3), 579-590. https://doi.org/10.1017/s0033291700025368.
Benedetti, F. & Frisaldi, E. (2013). Neurochemistry of Placebo Analgesia: Opioids,

Cannabinoids and Cholecystokinin. In: Colloca L., Flaten M. A., Meissner K.

(Eds.), Placebo and Pain: from bench to bedside. (pp. 9-14). Elsevier.

Benedetti, F., & Amanzio, M. (2011). The placebo response: how words and rituals
change the patient's brain. Patient Education and Counseling, 84(3), 413—419.

https://doi.org/10.1016/j.pec.2011.04.034.
Benedetti, F., Amanzio, M., Baldi, S., Casadio, C., & Maggi, G. (1999). Inducing

placebo respiratory depressant responses in humans via opioid receptors. The
European Journal of Neuroscience, 11(2), 625-631. https://doi.org/10.1046/

j-1460-9568.1999.00465.x.
Benedetti, F., Amanzio, M., Rosato, R., & Blanchard, C. (2011). Nonopioid placebo

analgesia is mediated by CB1 cannabinoid receptors. Nature Medicine, 17(10),

1228-1230. https://doi.org/10.1038/nm.2435.
Benedetti, F., Arduino, C., Costa, S., Vighetti, S., Tarenzi, L., Rainero, 1., & Asteggiano,

G. (2006). Loss of expectation-related mechanisms in Alzheimer's disease
makes analgesic therapies less effective. Pain, 121(1-2), 133-144. https://
doi.org/10.1016/j.pain.2005.12.016



No Brain No Pain 93

Benedetti, F., Pollo, A., Lopiano, L., Lanotte, M., Vighetti, S., & Rainero, |. (2003).
Conscious expectation and unconscious conditioning in analgesic, motor, and
hormonal placebo/nocebo responses. The Journal of Neuroscience, 23(10),

4315-4323. https://doi.org/10.1523/JNEUROSCI.23-10-04315.2003.

Bingel, U. (2014). The Relevance of Placebo and Nocebo Mechanisms for Analgesic
Treatments. In: Colloca, L., Flaten, M. A., Meissner, K. (Eds.), Placebo and

Pain: from bench to bedside. (pp. 127-136). Elsevier.
Bingel, U., Lorenz, J., Schoell, E., Weiller, C., & Bichel, C. (2006). Mechanisms of

placebo analgesia: rACC recruitment of a subcortical antinociceptive network.

Pain, 120(1-2), 8—15. https://doi.org/10.1016/j.pain.2005.08.027.
Bingel, U., Wanigasekera, V., Wiech, K., Ni Mhuircheartaigh, R., Lee, M. C., Ploner,

M., & Tracey, |. (2011). The effect of treatment expectation on drug efficacy:
imaging the analgesic benefit of the opioid remifentanil. Science Translational

Medicine, 3(70), 70ra14. https://doi.org/10.1126/scitranslmed.3001244.
Blackhart, G. C., Minnix, J. A., & Kline, J. P. (2006). Can EEG asymmetry patterns

predict future development of anxiety and depression? A preliminary study.
Biological Psychology, 72(1), 46-50. https://doi.org/10.1016/

j-biopsycho.2005.06.010.
Boychuk, D. G., Goddard, G., Mauro, G., & Orellana, M. F. The effectiveness of

cannabinoids in the management of chronic nonmalignant neuropathic pain: a
systematic review. J Oral Facial Pain Headache. 2015;29(1):7-14.

doi:10.11607/ofph.1274.
Breivik, H., Collett, B., Ventafridda, V., Cohen, R., & Gallacher, D. (2006). Survey of

chronic pain in Europe: prevalence, impact on daily life, and treatment.
European Journal of Pain (London, England), 10(4), 287-333. https://doi.org/

10.1016/j.ejpain.2005.06.009.

Bromm, B., & Lorenz, J. (1998). Neurophysiological evaluation of pain.
Electroencephalography and Clinical Neurophysiology, 107(4), 227-253.
https://doi.org/10.1016/s0013-4694(98)00075-3.



No Brain No Pain 94

Brown, C. A., & Jones, A. K. (2008). A role for midcingulate cortex in the interruptive
effects of pain anticipation on attention. Clinical Neurophysiology, 119(10),

2370-2379. https://doi.org/10.1016/j.clinph.2008.06.014.
Brown, C. A., Seymour, B., El-Deredy, W., & Jones, A. K. (2008). Confidence in beliefs

about pain predicts expectancy effects on pain perception and anticipatory
processing in right anterior insula. Pain, 139(2), 324-332. https://doi.org/

10.1016/j.pain.2008.04.028.
Carretero, B., Martin, M. J., Juan, A., Pradana, M. L., Martin, B., Carral, M., Jimeno, T.,

Pareja, A., Montoya, P., Aguirre, |., Salva, J., Roca, M., Gili, M., & Garcia-Toro,
M. (2009). Low-frequency transcranial magnetic stimulation in patients with
fibromyalgia and major depression. Pain Medicine (Malden, Mass.), 10(4),

748-753. https://doi.org/10.1111/j.1526-4637.2009.00625.x.
Chang, P. F., Arendt-Nielsen, L., Graven-Nielsen, T., & Chen, A. C. (2003).

Psychophysical and EEG responses to repeated experimental muscle pain in
humans: pain intensity encodes EEG activity. Brain Research Bulletin, 59(6),

533-543. https://doi.org/10.1016/s0361-9230(02)00950-4.

Charron, J., Rainville, P., & Marchand, S. (2006). Direct comparison of placebo effects
on clinical and experimental pain. The Clinical Journal of Pain, 22(2), 204-211.

https://doi.org/10.1097/01.ajp.0000161526.25374.€5.
Chen, A. C., & Rappelsberger, P. (1994). Brain and human pain: topographic EEG

amplitude and coherence mapping. Brain Topography, 7(2), 129—140. https://

doi.org/10.1007/BF01186771.
Coleshill, M. J., Sharpe, L., Colloca, L., Zachariae, R., & Colagiuri, B. (2018). Placebo

and Active Treatment Additivity in Placebo Analgesia: Research to Date and
Future Directions. International Review of Neurobiology, 139, 407—441. https://

doi.org/10.1016/bs.irn.2018.07.021.
Colloca L. (2019). The Placebo Effect in Pain Therapies. Annual Review of

Pharmacology and Toxicology, 59, 191-211. https://doi.org/10.1146/annurev-
pharmtox-010818-021542.



No Brain No Pain 95

Colloca, L. (2014). Placebo, nocebo, and learning mechanisms. In: F. Benedetti.,
Enck, P., Frisaldo, E., Schedlowski, M. (Eds.), Handbook of Experimental

Pharmacology. Placebo. (pp. 17-35.). Springer. https://doi.org/

10.1007/978-3-662-44519-8_2.

Colloca, L., & Benedetti, F. (2006). How prior experience shapes placebo analgesia.

Pain, 124(1-2), 126—133. https://doi.org/10.1016/j.pain.2006.04.005.

Colloca, L., & Benedetti, F. (2009). Placebo analgesia induced by social observational

learning. Pain, 144(1-2), 28-34. https://doi.org/10.1016/j.pain.2009.01.033.

Colloca, L., & Miller, F. G. (2011). How placebo responses are formed: a learning
perspective. Philosophical transactions of the Royal Society of London. Series
B, Biological Sciences, 366(1572), 1859-1869. https://doi.org/10.1098/

rstb.2010.0398.
Colloca, L., Sigaudo, M., & Benedetti, F. (2008). The role of learning in nocebo and

placebo effects. Pain, 136(1-2), 211-218. https://doi.org/10.1016/
j.pain.2008.02.0086.

Conde, V., Esteban, T. & Useros, E. (1976). Revision critica de la adaptacion
castellana del Cuestionario de Beck. Revista de Psicologia General y Aplicada,

31, 469-497.
Crombez, G., Van Damme, S., & Eccleston, C. (2005). Hypervigilance to pain: an

experimental and clinical analysis. Pain, 116(1-2), 4—7. https://doi.org/10.1016/
j-pain.2005.03.035.

Davidson R. J. (1992). Anterior cerebral asymmetry and the nature of emotion. Brain

and Cognition, 20(1), 125—-151. https://doi.org/10.1016/0278-2626(92)90065-t.
Davidson, R. J., Ekman, P., Saron, C. D., Senulis, J. A., & Friesen, W. V. (1990).

Approach-withdrawal and cerebral asymmetry: emotional expression and brain

physiology. |. Journal of Personality and Social Psychology, 58(2), 330—341.

Davidson, R.J. (1995). Cerebral asymmetry, emotion, and affective style. In: Davidson,

R.J., Hugdahl, K. (Eds.), Brain Asymmetry. (pp. 361-387). MIT, Cambridge.
de la Fuente-Fernandez, R., & Stoessl, A. J. (2002). The placebo effect in Parkinson's

disease. Trends in Neurosciences, 25(6), 302-306. https://doi.org/10.1016/
s0166-2236(02)02181-1.


https://doi.org/10.1007

No Brain No Pain 96

Debener, S., Beauducel, A., Nessler, D., Brocke, B., Heilemann, H., & Kayser, J.
(2000). Is resting anterior EEG alpha asymmetry a trait marker for depression?
Findings for healthy adults and clinically depressed patients.

Neuropsychobiology, 41(1), 31-37. https://doi.org/10.1159/000026630.
Dowman, R., Rissacher, D., & Schuckers, S. (2008). EEG indices of tonic pain-related

activity in the somatosensory cortices. Clinical Neurophysiology, 119(5), 1201—

1212. https://doi.org/10.1016/j.clinph.2008.01.019.
Dunckley, P., Aziz, Q., Wise, R. G., Brooks, J., Tracey, |., & Chang, L. (2007).

Attentional modulation of visceral and somatic pain. Neurogastroenterology

and Motility, 19(7), 569-577. https://doi.org/10.1111/j.1365-2982.2007.00908.x.
Enck, P., Benedetti, F., & Schedlowski, M. (2008). New insights into the placebo and

nocebo responses. Neuron, 59(2), 195-206. https://doi.org/10.1016/

j-neuron.2008.06.030.
Esteve, R., Ramirez-Maestre, C., & Lépez-Marinez, A. E. (2007). Adjustment to

chronic pain: the role of pain acceptance, coping strategies, and pain-related
cognitions. Annals of Behavioral Medicine, 33(2), 179-188. https://doi.org/

10.1007/BF02879899.
Ferracuti, S., Seri, S., Mattia, D., & Cruccu, G. (1994). Quantitative EEG modifications

during the Cold Water Pressor Test: hemispheric and hand differences.
International Journal of Psychophysiology, 17(3), 261-268. https://doi.org/
10.1016/0167-8760(94)90068-x.

Fields, H.L. & Levine, J.D. (1984). Placebo analgesia a role for endorphins? Trends

Neuroscience, 7(8), 271-273. https://doi.org/10.1016/S0166-2236(84)80193-9.
Fitzgerald, P. B., Brown, T. L., Marston, N. A., Daskalakis, Z. J., De Castella, A., &

Kulkarni, J. (2003). Transcranial magnetic stimulation in the treatment of
depression: a double-blind, placebo-controlled trial. Archives of General

Psychiatry, 60(10), 1002—-1008. https://doi.org/10.1001/archpsyc.60.9.1002.
Fitzgibbon, M., Finn, D. P., & Roche, M. (2015). High Times for Painful Blues: The

Endocannabinoid System in Pain-Depression Comorbidity. The International
Journal of Neuropsychopharmacology, 19(3), pyv095. https://doi.org/10.1093/
ijnp/pyv095.



No Brain No Pain 97

Fitzpatrick, R. M., Hopkins, A. P., & Harvard-Watts, O. (1983). Social dimensions of
healing: a longitudinal study of outcomes of medical management of
headaches. Social Science & Medicine (1982), 17(8), 501-510. https://doi.org/

10.1016/0277-9536(83)90057-6.

Flor H. (2000). The functional organization of the brain in chronic pain. Progress in
Brain Research, 129, 313-322. https://doi.org/10.1016/

S0079-6123(00)29023-7.
Flor, H. & Birbaumer, N. (1994). Acquisition of chronic pain: Psychophysiological

mechanisms. American Pain Society Journal. 3(2), 119-127. https://doi.org/

10.1016/S1058-9139(05)80339-0.
Flor, H. & Hermann, C. (2004). Biopsychosocial Model of Pain. In: RH Dworkin & WS

Breitbart. (Eds.), Psychosocial aspects of pain: A handbook for health care
providers. (pp. 47-75) IASP Press. https://doi.org/10.1111/

.1440-1754.2004.00505.x.
Flor, H., Birbaumer, N., Roberts, L. E., Feige, B., Lutzenberger, W., Hermann, C., &

Kopp, B. (1996). Slow potentials, event-related potentials, "gamma-band"
activity, and motor responses during aversive conditioning in humans.

Experimental Brain Research, 112(2), 298-312. https://doi.org/10.1007/

BF00227648.
Flor, H., Kerns, R. D., & Turk, D. C. (1987). The role of spouse reinforcement,

perceived pain, and activity levels of chronic pain patients. Journal of
Psychosomatic Research, 31(2), 251-259. https://doi.org/

10.1016/0022-3999(87)90082-1.
Flor, H., Turk, D. C., & Birbaumer, N. (1985). Assessment of stress-related

psychophysiological reactions in chronic back pain patients. Journal of
Consulting and Clinical Psychology, 53(3), 354-364. https://doi.org/
10.1037//0022-006x.53.3.354.

Fordyce, C.V. (1976). Behavioral methods for chronic pain and illness. Mosby

Company, St. Louis, Mo.


https://doi.org/10.1111/j.1440-1754.2004.00505.x
https://doi.org/10.1007/BF00227648

No Brain No Pain 98

Gameroff, M. J., & Olfson, M. (2006). Major depressive disorder, somatic pain, and
health care costs in an urban primary care practice. The Journal of Clinical

Psychiatry, 67(8), 1232—1239. https://doi.org/10.4088/jcp.v67n0809.
Garcia-Toro, M., Montes, J. M., & Talavera, J. A. (2001). Functional cerebral

asymmetry in affective disorders: new facts contributed by transcranial
magnetic stimulation. Journal of Affective Disorders, 66(2-3), 103—109. https://
doi.org/10.1016/s0165-0327(00)00276-7.

Garland E. L. (2012). Pain processing in the human nervous system: a selective
review of nociceptive and biobehavioral pathways. Primary Care, 39(3), 561-

571. https://doi.org/10.1016/j.pop.2012.06.013.
Gatchel, R. J., Peng, Y. B., Peters, M. L., Fuchs, P. N., & Turk, D. C. (2007). The

biopsychosocial approach to chronic pain: scientific advances and future
directions. Psychological Bulletin, 133(4), 581-624. https://doi.org/

10.1037/0033-2909.133.4.581.
Geuze, E., Westenberg, H. G., Jochims, A., de Kloet, C. S., Bohus, M., Vermetten, E.,

& Schmahl, C. (2007). Altered pain processing in veterans with posttraumatic
stress disorder. Archives of General Psychiatry, 64(1), 76—85. https://doi.org/

10.1001/archpsyc.64.1.76.
Giang, D. W., Goodman, A. D., Schiffer, R. B., Mattson, D. H., Petrie, M., Cohen, N., &

Ader, R. (1996). Conditioning of cyclophosphamide-induced leukopenia in
humans. The Journal of Neuropsychiatry and Clinical Neurosciences, 8(2),

194-201. https://doi.org/10.1176/jnp.8.2.194.
Goebel, M. U., Trebst, A. E., Steiner, J., Xie, Y. F., Exton, M. S., Frede, S., Canbay, A.

E., Michel, M. C., Heemann, U., & Schedlowski, M. (2002). Behavioral
conditioning of immunosuppression is possible in humans. Federation of
American Societies for Experimental Biology Journal, 16(14), 1869-1873.
https://doi.org/10.1096/fj.02-0389com.

Goel, V., & Dolan, R. J. (2003). Reciprocal neural response within lateral and ventral
medial prefrontal cortex during hot and cold reasoning. Neurolmage, 20(4),

2314-2321. https://doi.org/10.1016/j.neuroimage.2003.07.027.



No Brain No Pain 99

Goffaux, P., de Souza, J. B., Potvin, S., & Marchand, S. (2009). Pain relief through
expectation supersedes descending inhibitory deficits in fibromyalgia patients.

Pain, 145(1-2), 18-23. https://doi.org/10.1016/j.pain.2009.02.008.
Goffaux, P., Redmond, W. J., Rainville, P., & Marchand, S. (2007). Descending

analgesia--when the spine echoes what the brain expects. Pain, 130(1-2),

137-143. https://doi.org/10.1016/j.pain.2006.11.011
Gaotlib, I. H., Ranganath, C., & Rosenfeld, J. P. (1998). Frontal EEG alpha asymmetry,

depression, and cognitive functioning. Cognition and Emotion, 12(3), 449-478.
Grachey, I. D., Fredrickson, B. E., & Apkarian, A. V. (2000). Abnormal brain chemistry

in chronic back pain: an in vivo proton magnetic resonance spectroscopy study.

Pain, 89(1), 7-18. https://doi.org/10.1016/s0304-3959(00)00340-7.

Graff-Guerrero, A., Gonzalez-Olvera, J., Fresan, A., Gomez-Martin, D., Méndez-
Nufez, J. C., & Pellicer, F. (2005). Repetitive transcranial magnetic stimulation
of dorsolateral prefrontal cortex increases tolerance to human experimental
pain. Brain research. Cognitive Brain Research, 25(1), 153—160. https://doi.org/

10.1016/j.cogbrainres.2005.05.002.
Gratton, G., Coles, M. G., & Donchin, E. (1983). A new method for off-line removal of

ocular artifact. Electroencephalography and Clinical Neurophysiology, 55(4),
468-484. https://doi.org/10.1016/0013-4694(83)90135-9.

Greene, C. S., & Laskin, D. M. (1974). Long-term evaluation of conservative treatment
for myofascial pain-dysfunction syndrome. Journal of the American Dental
Association (1939), 89(6), 1365-1368. https://doi.org/10.14219/

jada.archive.1974.0588.
Hagemann, D., Naumann, E., Thayer, J. F., & Bartussek, D. (2002). Does resting

electroencephalograph asymmetry reflect a trait? an application of latent state-

trait theory. Journal of Personality and Social Psychology, 82(4), 619-641.

Henriques, J. B., & Davidson, R. J. (1990). Regional brain electrical asymmetries
discriminate between previously depressed and healthy control subjects.
Journal of Abnormal Psychology, 99(1), 22-31. https://doi.org/
10.1037//0021-843x.99.1.22.



No Brain No Pain 100

Henriques, J. B., & Davidson, R. J. (1991). Left frontal hypoactivation in depression.
Journal of Abnormal Psychology, 100(4), 535-545. https://doi.org/
10.1037//0021-843x.100.4.535.

Henriques, J. B., & Davidson, R. J. (1997). Brain electrical asymmetries during
cognitive task performance in depressed and nondepressed subjects.
Biological Psychiatry, 42(11), 1039-1050. https://doi.org/10.1016/

s0006-3223(97)00156-x.
Hillard, C. J., & Liu, Q. S. (2014). Endocannabinoid signaling in the etiology and

treatment of major depressive illness. Current Pharmaceutical Design, 20(23),

3795-3811. https://doi.org/10.2174/13816128113196660735.
Hou, W. H., Wang, T. Y., & Kang, J. H. (2016). The effects of add-on non-invasive brain

stimulation in fibromyalgia: a meta-analysis and meta-regression of
randomized controlled trials. Rheumatology (Oxford, England), 55(8),

1507-1517. https://doi.org/10.1093/rheumatology/kew205
Huang, W. J., Chen, W. W., & Zhang, X. (2016). Endocannabinoid system: Role in

depression, reward and pain control (Review). Molecular Medicine Reports,

14(4), 2899-2903. https://doi.org/10.3892/mmr.2016.5585.
Huber, M. T., Bartling, J., Pachur, D., Woikowsky-Biedau, S. v., & Lautenbacher, S.

(2006). EEG responses to tonic heat pain. Experimental Brain Research,

173(1), 14—24. https://doi.org/10.1007/s00221-006-0366-1.
Huneke, N. T., Brown, C. A., Burford, E., Watson, A., Trujillo-Barreto, N. J., El-Deredy,

W., & Jones, A. K. (2013). Experimental placebo analgesia changes resting-
state alpha oscillations. PloS One, 8(10), e78278. https://doi.org/10.1371/
journal.pone.0078278.

Hunter, T., Siess, F., & Colloca, L. (2014). Socially induced placebo analgesia: a
comparison of a pre-recorded versus live face-to-face observation. European
Journal of Pain, 18(7), 914-922. https://doi.org/10.1002/
j-15632-2149.2013.00436.x.

IASP. Pain. In Part Ill: Pain Terms, A Current List with Definitions and Notes on Usage
(1994). Classification of Chronic Pain, Second Edition, H. Merskey and N.
Bogduk (Eds.), IASP Press.



No Brain No Pain 101

Ingvar M. (2015). Learning mechanisms in pain chronification--teachings from placebo
research. Pain, 156 Suppl 1(4 Suppl 1), S18-S23. https://doi.org/10.1097/

j-pain.0000000000000093.
Jacobs, J. V., Henry, S. M., & Nagle, K. J. (2010). Low back pain associates with

altered activity of the cerebral cortex prior to arm movements that require
postural adjustment. Clinical Neurophysiology, 121(3), 431-440. https://doi.org/
10.1016/j.clinph.2009.11.076.

Jakovljevi¢c M. (2014). The placebo-nocebo response in patients with depression: do
we need to reconsider our treatment approach and clinical trial designs?.

Psychiatria Danubina, 26(2), 92-95.
Jensen, M. P., Sherlin, L. H., Gertz, K. J., Braden, A. L., Kupper, A. E., Gianas, A.,

Howe, J. D., & Hakimian, S. (2013). Brain EEG activity correlates of chronic
pain in persons with spinal cord injury: clinical implications. Spinal Cord, 51(1),

55-58. https://doi.org/10.1038/sc.2012.84.
Jesulola, E., Sharpley, C. F., Bitsika, V., Agnew, L. L., & Wilson, P. (2015). Frontal

alpha asymmetry as a pathway to behavioural withdrawal in depression:
Research findings and issues. Behavioural Brain Research, 292, 56-67.

https://doi.org/10.1016/j.bbr.2015.05.058.
Jones, A., Brown, C., El-Deredy, W., 2013. How does EEG Contribute to Our

Understanding of the Placebo Response? Insights from the Perspective of
Bayesian Inference. In: Colloca L., Flaten M. A., Meissner K. (Eds.) Placebo

and Pain: from bench to bedside. (pp37-43). Elsevier. https://doi.org/10.1016/

B978-0-12-397928-5.00005-2.

Kahneman, D. & Frederick, S. (2002) Representativeness revisited: Attribute
substitution in intuitive judgment. In: Gilovich, T.Griffin, D., Kahneman, D.,
editors. Heuristics and Biases: The Psychology of Intuitive Judgment.

Cambridge University Press.


https://doi.org/10.1016

No Brain No Pain 102

Khedr, E. M., Kotb, H., Kamel, N. F., Ahmed, M. A., Sadek, R., & Rothwell, J. C.
(2005). Longlasting antalgic effects of daily sessions of repetitive transcranial
magnetic stimulation in central and peripheral neuropathic pain. Journal of
Neurology, Neurosurgery, and Psychiatry, 76(6), 833-838. https://doi.org/
10.1136/jnnp.2004.055806.

Kirsch, I. (1985). Response expectancy as a determinant of experience and behavior.

American. Psychology. 40, 1189 - 1202. https://doi.org/

10.1037/0003-066X.40.11.1189.
Kisler, L. B., Kim, J. A., Hemington, K. S., Rogachov, A., Cheng, J. C., Bosma, R. L.,

Osborne, N. R., Dunkley, B. T., Inman, R. D., & Davis, K. D. (2020). Abnormal
alpha band power in the dynamic pain connectome is a marker of chronic pain
with a neuropathic component. Neurolmage. Clinical, 26, 102241. https://

doi.org/10.1016/j.nicl.2020.102241.
Kleiber, B., Jain, S., & Trivedi, M. H. (2005). Depression and pain: implications for

symptomatic presentation and pharmacological treatments. Psychiatry, 2(5),

12-18.

Klimesch W. (1996). Memory processes, brain oscillations and EEG synchronization.
International Journal of Psychophysiology, 24(1-2), 61-100. https://doi.org/
10.1016/s0167-8760(96)00057-8.

Klimesch W. (1999). EEG alpha and theta oscillations reflect cognitive and memory
performance: a review and analysis. Brain research. Brain Research Reviews,

29(2-3), 169-195. https://doi.org/10.1016/s0165-0173(98)00056-3.
Klimesch, W., Sauseng, P., & Hanslmayr, S. (2007). EEG alpha oscillations: the

inhibition-timing hypothesis. Brain Research Reviews, 53(1), 63—88. https://

doi.org/10.1016/j.brainresrev.2006.06.003.
Klinger, R., Kothe, R., Schmitz, J., Kamping, S., & Flor, H. (2017). Placebo effects of a

sham opioid solution: a randomized controlled study in patients with chronic
low back pain. Pain, 158(10), 1893-1902. https://doi.org/10.1097/
j-pain.0000000000000977.


https://doi.org/

No Brain No Pain 103

Klinger, R., Soost, S., Flor, H., & Worm, M. (2007). Classical conditioning and
expectancy in placebo hypoalgesia: a randomized controlled study in patients
with atopic dermatitis and persons with healthy skin. Pain, 128(1-2), 31-39.

https://doi.org/10.1016/j.pain.2006.08.025.
Knost, B., Flor, H., Birbaumer, N., & Schugens, M. M. (1999). Learned maintenance of

pain: muscle tension reduces central nervous system processing of painful
stimulation in chronic and subchronic pain patients. Psychophysiology, 36(6),

755-764.
Knott, V., Mahoney, C., Kennedy, S., & Evans, K. (2001). EEG power, frequency,

asymmetry and coherence in male depression. Psychiatry Research, 106(2),

123-140. https://doi.org/10.1016/s0925-4927(00)00080-9.

Kobayashi, M., & Pascual-Leone, A. (2003). Transcranial magnetic stimulation in
neurology. The Lancet. Neurology, 2(3), 145-156. https://doi.org/10.1016/

s1474-4422(03)00321-1.
Kobor, I., Gal, V., & Vidnyanszky, Z. (2009). Attentional modulation of perceived pain

intensity in capsaicin-induced secondary hyperalgesia. Experimental Brain

Research, 195(3), 467-472. https://doi.org/10.1007/s00221-009-1799-0.

Kolb, B., & Taylor, L. (2000). Facial expression, emotion, and hemispheric
organization. In: Lane, R.D., Nadel, L. (Eds.), Cognitive Neuroscience of

Emotion. Oxford University Press, Oxford, UK, pp. 62—83.
Kolb, B., & Whishaw, 1.Q. (1996). Fundamentals of Human Neuropsychology, 4th ed.

W. H. Freeman & Co., New York.
Kong, J., Benedetti, F. (2014). Placebo and Nocebo Effects: An introduction to

Psychological and Biological mechanisms. In: Benedetti F., Enck P., Frisaldi E.,
Schedlowski (Eds.), Handbook of Experimental Pharmacology. (pp 3-15).

Springer.
Kosek, E., Rosen, A., Carville, S., Choy, E., Gracely, R. H., Marcus, H., Petzke, F.,

Ingvar, M., & Jensen, K. B. (2017). Lower Placebo Responses After Long-Term
Exposure to Fibromyalgia Pain. The Journal of Pain, 18(7), 835-843. https://
doi.org/10.1016/j.jpain.2017.02.434.



No Brain No Pain 104

Krummenacher, P., Candia, V., Folkers, G., Schedlowski, M., & Schénbachler, G.
(2010). Prefrontal cortex modulates placebo analgesia. Pain, 148(3), 368-374.

https://doi.org/10.1016/j.pain.2009.09.033
Langley, P. C., Ruiz-Iban, M. A., Molina, J. T., De Andres, J., & Castellén, J. R. (2011).

The prevalence, correlates and treatment of pain in Spain. Journal of Medical

Economics, 14(3), 367-380. https://doi.org/10.3111/13696998.2011.583303.
Lee, S. J,, Kim, D. Y., Chun, M. H., & Kim, Y. G. (2012). The effect of repetitive

transcranial magnetic stimulation on fibromyalgia: a randomized sham-
controlled trial with 1-mo follow-up. American Journal of Physical Medicine &
Rehabilitation, 91(12), 1077-1085. https://doi.org/10.1097/
PHM.0b013e3182745a04.

Lefaucheur J. P. (2006). New insights into the therapeutic potential of non-invasive
transcranial cortical stimulation in chronic neuropathic pain. Pain, 122(1-2), 11—

13. https://doi.org/10.1016/j.pain.2006.02.024.

Lefaucheur, J. P., Aleman, A., Baeken, C., Benninger, D. H., Brunelin, J., Di Lazzaro,
V., Filipovi¢, S. R., Grefkes, C., Hasan, A., Hummel, F. C., Jaaskelainen, S. K.,
Langguth, B., Leocani, L., Londero, A., Nardone, R., Nguyen, J. P., Nyffeler, T.,
Oliveira-Maia, A. J., Oliviero, A., ... Ziemann, U. (2020). Evidence-based
guidelines on the therapeutic use of repetitive transcranial magnetic stimulation
(rTMS): An update (2014-2018). Clinical Neurophysiology, 131(2), 474-528.

https://doi.org/10.1016/j.clinph.2019.11.002.
Lerman, S. F., Rudich, Z., Brill, S., Shalev, H., & Shahar, G. (2015). Longitudinal

associations between depression, anxiety, pain, and pain-related disability in
chronic pain patients. Psychosomatic Medicine, 77(3), 333-341. https://doi.org/

10.1097/PSY.0000000000000158.
Levine, J. D., Gordon, N. C., & Fields, H. L. (1978). The mechanism of placebo

analgesia. Lancet, 2(8091), 654-657. https://doi.org/10.1016/
s0140-6736(78)92762-9.



No Brain No Pain 105

Li, L., Wang, H., Ke, X,, Liu, X., Yuan, Y., Zhang, D., Xiong, D., & Qiu, Y. (2016).
Placebo Analgesia Changes Alpha Oscillations Induced by Tonic Muscle Pain:
EEG Frequency Analysis Including Data during Pain Evaluation. Frontiers in
Computational Neuroscience, 10, 45. https://doi.org/10.3389/
fncom.2016.00045.

Lindsley D. B. (1952). Psychological phenomena and the electroencephalogram.
Electroencephalography and Clinical Neurophysiology, 4(4), 443—-456. https://

doi.org/10.1016/0013-4694(52)90075-8.
Linton, S.J., (2000a). Psychologic risk factors for neck and back pain. In: A.

Nechemson & E. Jonsson. (Eds.), Neck and back pain: The scientific evidence

of causes, diagnosis and treatment. (pp 57-78). https://doi.org/

10.4065/76.11.1182-a.
Lisanby, S. H., Gutman, D., Luber, B., Schroeder, C., & Sackeim, H. A. (2001). Sham

TMS: intracerebral measurement of the induced electrical field and the
induction of motor-evoked potentials. Biological Psychiatry, 49(5), 460—463.

https://doi.org/10.1016/s0006-3223(00)01110-0.
Loh, L., & Nathan, P. W. (1978). Painful peripheral states and sympathetic blocks.

Journal of Neurology, Neurosurgery, and Psychiatry, 41(7), 664—671. https://

doi.org/10.1136/jnnp.41.7.664.
Loo, C., Mitchell, P., Sachdev, P., McDarmont, B., Parker, G., & Gandevia, S. (1999).

Double-blind controlled investigation of transcranial magnetic stimulation for
the treatment of resistant major depression. The American Journal of

Psychiatry, 156(6), 946—948. https://doi.org/10.1176/ajp.156.6.946.

Lorenz, J., Hauck, M., Paur, R. C., Nakamura, Y., Zimmermann, R., Bromm, B., &
Engel, A. K. (2005). Cortical correlates of false expectations during pain
intensity judgments--a possible manifestation of placebo/nocebo cognitions.
Brain, Behavior, and Immunity, 19(4), 283-295. https://doi.org/10.1016/

j-bbi.2005.03.010.
Lorenz, J., Minoshima, S., & Casey, K. L. (2003). Keeping pain out of mind: the role of

the dorsolateral prefrontal cortex in pain modulation. Brain, 126(Pt 5), 1079—

1091. https://doi.org/10.1093/brain/awg102.


https://doi.org/10.4065/76.11.1182-a

No Brain No Pain 106

Luo, C., Kuner, T., & Kuner, R. (2014). Synaptic plasticity in pathological pain. Trends

in Neurosciences, 37(6), 343—-355. https://doi.org/10.1016/j.tins.2014.04.002.
Martinot, J. L., Hardy, P., Feline, A., Huret, J. D., Mazoyer, B., Attar-Levy, D., Pappata,

S., & Syrota, A. (1990). Left prefrontal glucose hypometabolism in the
depressed state: a confirmation. The American Journal of Psychiatry, 147(10),

1313-1317. https://doi.org/10.1176/ajp.147.10.1313.
Medoff, Z. M., & Colloca, L. (2015). Placebo analgesia: understanding the

mechanisms. Pain Management, 5(2), 89-96. https://doi.org/10.2217/pmt.15.3.
Meints, S. M., & Edwards, R. R. (2018). Evaluating psychosocial contributions to

chronic pain outcomes. Progress in Neuro-Psychopharmacology & Biological

Psychiatry, 87(Pt B), 168—182. https://doi.org/10.1016/j.pnpbp.2018.01.017.
Merskey, H. & Bogduk, N. (1994) Part Ill: Pain Terms: A Current List with Definitions

and Notes on Usage. In: Classification of Chronic Pain, Second Edition,

(pp-209-214). IASP Task Force on Taxonomy.
Mhalla, A., Baudic, S., Ciampi de Andrade, D., Gautron, M., Perrot, S., Teixeira, M. J.,

Attal, N., & Bouhassira, D. (2011). Long-term maintenance of the analgesic
effects of transcranial magnetic stimulation in fibromyalgia. Pain, 152(7), 1478—

1485. https://doi.org/10.1016/j.pain.2011.01.034.
Moisset, X., de Andrade, D. C., & Bouhassira, D. (2016). From pulses to pain relief: an

update on the mechanisms of rTMS-induced analgesic effects. European

Journal of Pain, 20(5), 689-700. https://doi.org/10.1002/ejp.811.

Montoya, P., & Sitges, C. (2006). Affective modulation of somatosensory-evoked
potentials elicited by tactile stimulation. Brain Research, 1068(1), 205-212.

https://doi.org/10.1016/j.brainres.2005.11.019.
Montoya, P., Sitges, C., Garcia-Herrera, M., Izquierdo, R., Truyols, M., Blay, N., &

Collado, D. (2005). Abnormal affective modulation of somatosensory brain
processing among patients with fibromyalgia. Psychosomatic Medicine, 67(6),

957-963. https://doi.org/10.1097/01.psy.0000188401.55394.18.

Moriwaki, K., & Yuge, O. (1999). Topographical features of cutaneous tactile
hypoesthetic and hyperesthetic abnormalities in chronic pain. Pain, 81(1-2), 1-

6. https://doi.org/10.1016/s0304-3959(98)00257-7.



No Brain No Pain 107

Morton, D. L., Brown, C. A., Watson, A., El-Deredy, W., & Jones, A. K. (2010).
Cognitive changes as a result of a single exposure to placebo.
Neuropsychologia, 48(7), 1958-1964. https://doi.org/10.1016/

j-neuropsychologia.2010.03.016.
Nicassio, P. M., Schoenfeld-Smith, K., Radojevic, V., & Schuman, C. (1995). Pain

coping mechanisms in fibromyalgia: relationship to pain and functional

outcomes. The Journal of Rheumatology, 22(8), 1552—-1558.
Nieto, R., Raichle, K. A., Jensen, M. P., & Mird, J. (2012). Changes in pain-related

beliefs, coping, and catastrophizing predict changes in pain intensity, pain
interference, and psychological functioning in individuals with myotonic
muscular dystrophy and facioscapulohumeral dystrophy. The Clinical Journal of

Pain, 28(1), 47-54. https://doi.org/10.1097/AJP.0b013e31822019b1.
Nir, R. R., Sinai, A., Raz, E., Sprecher, E., & Yarnitsky, D. (2010). Pain assessment by

continuous EEG: association between subjective perception of tonic pain and
peak frequency of alpha oscillations during stimulation and at rest. Brain

Research, 1344, 77-86. https://doi.org/10.1016/j.brainres.2010.05.004.
O'Connell, N. E., Marston, L., Spencer, S., DeSouza, L. H., & Wand, B. M. (2018).

Non-invasive brain stimulation techniques for chronic pain. The Cochrane
Database of Systematic Reviews, 3(3), CD008208. https://doi.org/

10.1002/14651858.CD008208.pub4.
Ochsner, K. N., Ray, R. D., Cooper, J. C., Robertson, E. R., Chopra, S., Gabrieli, J. D.,

& Gross, J. J. (2004). For better or for worse: neural systems supporting the
cognitive down- and up-regulation of negative emotion. Neurolmage, 23(2),

483-499. https://doi.org/10.1016/j.neuroimage.2004.06.030.
Olness, K., & Ader, R. (1992). Conditioning as an adjunct in the pharmacotherapy of

lupus erythematosus. Journal of Developmental and Behavioral Pediatrics,

13(2), 124-125. https://doi.org/10.1097/00004703-199204000-00008.

Palermo, S., Rainero, |., Stanziano, M., Vase, L., D'Agata, F., Rubino, E., Fonio, P.,
Sardanelli, F., & Amanzio, M. (2019). A novel neurocognitive approach for
placebo analgesia in neurocognitive disorders. Experimental Gerontology, 118,

106—116. https://doi.org/10.1016/j.exger.2019.01.011.



No Brain No Pain 108

Pascual-Leone, A., Amedi, A., Fregni, F., & Merabet, L. B. (2005). The plastic human
brain cortex. Annual Review of Neuroscience, 28, 377-401. https://doi.org/

10.1146/annurev.neuro.27.070203.144216.
Pascual-Leone, A., Freitas, C., Oberman, L., Horvath, J. C., Halko, M., Eldaief, M.,

Bashir, S., Vernet, M., Shafi, M., Westover, B., Vahabzadeh-Hagh, A. M., &
Rotenberg, A. (2011). Characterizing brain cortical plasticity and network
dynamics across the age-span in health and disease with TMS-EEG and TMS-
fMRI. Brain Topography, 24(3-4), 302-315. https://doi.org/10.1007/

s10548-011-0196-8.
Pascual-Leone, A., Valls-Solé, J., Wassermann, E. M., & Hallett, M. (1994).

Responses to rapid-rate transcranial magnetic stimulation of the human motor
cortex. Brain: a Journal of Neurology, 117 ( Pt 4), 847—858. https://doi.org/

10.1093/brain/117.4.847.
Passard, A., Attal, N., Benadhira, R., Brasseur, L., Saba, G., Sichere, P., Perrot, S.,

Januel, D., & Bouhassira, D. (2007). Effects of unilateral repetitive transcranial
magnetic stimulation of the motor cortex on chronic widespread pain in
fibromyalgia. Brain: a Journal of Neurology, 130(Pt 10), 2661-2670. https://

doi.org/10.1093/brain/awm189.

Pecina, M., & Zubieta, J. K. (2015). Molecular mechanisms of placebo responses in
humans. Molecular Psychiatry, 20(4), 416—423. https://doi.org/10.1038/

mp.2014.164.
Pecina, M., Martinez-Jauand, M., Hodgkinson, C., Stohler, C. S., Goldman, D., &

Zubieta, J. K. (2014). FAAH selectively influences placebo effects. Molecular
Psychiatry, 19(3), 385-391. https://doi.org/10.1038/mp.2013.124.

Petrovic, P., Kalso, E., Petersson, K. M., Andersson, J., Fransson, P., & Ingvar, M.
(2010). A prefrontal non-opioid mechanism in placebo analgesia. Pain, 150(1),

59-65. https://doi.org/10.1016/j.pain.2010.03.011.

Peyron, R., Laurent, B., & Garcia-Larrea, L. (2000). Functional imaging of brain
responses to pain. A review and meta-analysis (2000). Neurophysiologie
Clinique = Clinical Neurophysiology, 30(5), 263—-288. https://doi.org/10.1016/
s0987-7053(00)00227-6.



No Brain No Pain 109

Pfurtscheller, G., & Lopes da Silva, F. H. (1999). Event-related EEG/MEG
synchronization and desynchronization: basic principles. Clinical
Neurophysiology, 110(11), 1842-1857. https://doi.org/10.1016/

s$1388-2457(99)00141-8.
Phillips, A. L., Burr, R. L., & Dunner, D. L. (2018). rTMS effects in patients with co-

morbid somatic pain and depressive mood disorders. Journal of Affective

Disorders, 241, 411—416. doi:10.1016/j.jad.2018.08.065.
Ploghaus, A., Narain, C., Beckmann, C. F.,, Clare, S., Bantick, S., Wise, R., Matthews,

P. M., Rawlins, J. N., & Tracey, I. (2001). Exacerbation of pain by anxiety is
associated with activity in a hippocampal network. The Journal of
Neuroscience, 21(24), 9896-9903. https://doi.org/10.1523/

JNEUROSCI.21-24-09896.2001.
Ploghaus, A., Tracey, Il., Gati, J. S., Clare, S., Menon, R. S., Matthews, P. M., &

Rawlins, J. N. (1999). Dissociating pain from its anticipation in the human
brain. Science (New York, N.Y.), 284(5422), 1979-1981. https://doi.org/

10.1126/science.284.5422.1979.
Poole, H., White, S., Blake, C., Murphy, P., & Bramwell, R. (2009). Depression in

chronic pain patients: prevalence and measurement. Pain Practice, 9(3), 173—

180. https://doi.org/10.1111/j.1533-2500.2009.00274 ..

Price D. D. (2000). Psychological and neural mechanisms of the affective dimension of
pain. Science, 288(5472), 1769-1772. https://doi.org/10.1126/

science.288.5472.1769.
Price, D. D., Craggs, J. G., Zhou, Q., Verne, G. N., Perlstein, W. M., & Robinson, M. E.

(2009). Widespread hyperalgesia in irritable bowel syndrome is dynamically
maintained by tonic visceral impulse input and placebo/nocebo factors:
evidence from human psychophysics, animal models, and neuroimaging.
Neurolmage, 47(3), 995-1001. https://doi.org/10.1016/
j-neuroimage.2009.04.028.



No Brain No Pain 110

Price, D. D., Craggs, J., Verne, G. N., Perlstein, W. M., & Robinson, M. E. (2007).
Placebo analgesia is accompanied by large reductions in pain-related brain
activity in irritable bowel syndrome patients. Pain, 127(1-2), 63—72. https://

doi.org/10.1016/j.pain.2006.08.001.
Price, D. D., Milling, L. S., Kirsch, I., Duff, A., Montgomery, G. H., & Nicholls, S. S.

(1999). An analysis of factors that contribute to the magnitude of placebo
analgesia in an experimental paradigm. Pain, 83(2), 147-156. https://doi.org/

10.1016/s0304-3959(99)00081-0.
Quevedo, A. S., & Coghill, R. C. (2007). Attentional modulation of spatial integration of

pain: evidence for dynamic spatial tuning. The Journal of Neuroscience,

27(43), 11635-11640. https://doi.org/10.1523/JNEUROSCI.3356-07.2007.
Ray, W. J., & Cole, H. W. (1985). EEG alpha activity reflects attentional demands, and

beta activity reflects emotional and cognitive processes. Science (New York,

N.Y.), 228(4700), 750—752. https://doi.org/10.1126/science.3992243.
Reid, S. A., Duke, L. M., & Allen, J. J. (1998). Resting frontal electroencephalographic

asymmetry in depression: inconsistencies suggest the need to identify

mediating factors. Psychophysiology, 35(4), 389—404.
Rhudy, J. L., & Meagher, M. W. (2000). Fear and anxiety: divergent effects on human

pain thresholds. Pain, 84(1), 65-75. https://doi.org/10.1016/

s0304-3959(99)00183-9.
Roemer, R. A., Shagass, C., Dubin, W., Jaffe, R., & Siegal, L. (1992). Quantitative

EEG in elderly depressives. Brain Topography, 4(4), 285-290. https://doi.org/

10.1007/BF01135566.
Rolinik, J. D., Wustefeld, S., Dauper, J., Karst, M., Fink, M., Kosseyv, A., & Dengler, R.

(2002). Repetitive transcranial magnetic stimulation for the treatment of chronic
pain - a pilot study. European Neurology, 48(1), 6-10. https://doi.org/

10.1159/000064950.
Romano, J. M., & Turner, J. A. (1985). Chronic pain and depression: does the

evidence support a relationship?. Psychological Bulletin, 97(1), 18-34.



No Brain No Pain 111

Romano, J. M., Turner, J. A., Friedman, L. S., Bulcroft, R. A., Jensen, M. P., Hops, H.,
& Wright, S. F. (1992). Sequential analysis of chronic pain behaviors and
spouse responses. Journal of Consulting and Clinical Psychology, 60(5), 777—

782. https://doi.org/10.1037//0022-006x.60.5.777.
Sampson, S. M., Rome, J. D., & Rummans, T. A. (2006). Slow-frequency rTMS

reduces fibromyalgia pain. Pain Medicine (Malden, Mass.), 7(2), 115-118.
https://doi.org/10.1111/j.1526-4637.2006.00106.x.

Sanz, J. & Vazquez, C. (1998). Fiabilidad, validez y datos normativos del inventario

para la depresion de Beck. Psicothema, 10 (2), 303-318.
Schafer, S. M., Geuter, S., & Wager, T. D. (2018). Mechanisms of placebo analgesia: A

dual-process model informed by insights from cross-species comparisons.
Progress in Neurobiology, 160, 101-122. https://doi.org/10.1016/

j-pneurobio.2017.10.008.
Schaffer, C. E., Davidson, R. J., & Saron, C. (1983). Frontal and parietal

electroencephalogram asymmetry in depressed and nondepressed subjects.

Biological Psychiatry, 18(7), 753—762.

Schultz W. (1998). Predictive reward signal of dopamine neurons. Journal of

Neurophysiology, 80(1), 1-27. https://doi.org/10.1152/jn.1998.80.1.1.
Schweinhardt, P., Seminowicz, D. A., Jaeger, E., Duncan, G. H., & Bushnell, M. C.

(2009). The anatomy of the mesolimbic reward system: a link between
personality and the placebo analgesic response. The Journal of Neuroscience,

29(15), 4882—-4887. https://doi.org/10.1523/JNEUROSCI.5634-08.2009.
Scott, D. J., Stohler, C. S., Egnatuk, C. M., Wang, H., Koeppe, R. A., & Zubieta, J. K.

(2007). Individual differences in reward responding explain placebo-induced
expectations and effects. Neuron, 55(2), 325-336. https://doi.org/10.1016/

j-neuron.2007.06.028.
Scott, D. J., Stohler, C. S., Egnatuk, C. M., Wang, H., Koeppe, R. A., & Zubieta, J. K.

(2008). Placebo and nocebo effects are defined by opposite opioid and
dopaminergic responses. Archives of General Psychiatry, 65(2), 220-231.

https://doi.org/10.1001/archgenpsychiatry.2007.34.
Seisdedos, N. (1982). STAI. Cuestionario de Ansiedad Estado-Rasgo Adaptacion

Espafiola del Cuestionario y Redaccion del Manual. TEA, Madrid.



No Brain No Pain 112

Shagass, C., 1972. Electrical activity of the brain. In: Greenfield, M., Sternbach, R.
(Eds.), Handbook of Psychophysiology. (pp. 263-328). Holt Rinehart and

Winston, New York.
Shapiro, A. K., & Shapiro, E., 1997. The Powerful Placebo: From Ancient Priest to

Modern Physician. (pp 280) Johns Hopkins University Press.
Short, B., Borckardt, J. J., George, M., Beam, W., & Reeves, S. T. (2009). Non-

invasive brain stimulation approaches to fibromyalgia pain. Journal of Pain

Management, 2(3), 259-276.
Short, E. B., Borckardt, J. J., Anderson, B. S., Frohman, H., Beam, W., Reeves, S. T,

& George, M. S. (2011). Ten sessions of adjunctive left prefrontal rTMS
significantly reduces fibromyalgia pain: a randomized, controlled pilot study.

Pain, 152(11), 2477-2484. https://doi.org/10.1016/j.pain.2011.05.033.
Shpaner, M., Kelly, C., Lieberman, G., Perelman, H., Davis, M., Keefe, F. J., & Naylor,

M. R. (2014). Unlearning chronic pain: A randomized controlled trial to
investigate changes in intrinsic brain connectivity following Cognitive
Behavioral Therapy. Neurolmage: Clinical, 5, 365-376. doi:10.1016/

j-nicl.2014.07.008.
Sitges, C., Garcia-Herrera, M., Pericas, M., Collado, D., Truyols, M., & Montoya, P.

(2007). Abnormal brain processing of affective and sensory pain descriptors in
chronic pain patients. Journal of Affective Disorders, 104(1-3), 73—82. https://

doi.org/10.1016/j.jad.2007.02.024.
Smith, J. A., Lumley, M. A., & Longo, D. J. (2002). Contrasting emotional approach

coping with passive coping for chronic myofascial pain. Annals of Behavioral

Medicine, 24(4), 326—335. https://doi.org/10.1207/S15324796ABM2404_09.
Snijders, T. J., Ramsey, N. F., Koerselman, F., & van Gijn, J. (2010). Attentional

modulation fails to attenuate the subjective pain experience in chronic,
unexplained pain. European Journal of Pain (London, England), 14(3), . https://

doi.org/10.1016/j.ejpain.2009.05.019.
Spielberger, C.D., Gorsuch, R.L. & Lushene, R.E. (1970). The State-Trait Anxiety

Inventory (STAI): Test Manual. Consulting Psychologists Press, Palo Alto, CA.



No Brain No Pain 113

Steer R.A., Beck A.T., Garrison B. (1986) Applications of the Beck Depression
Inventory. In: Sartorius N., Ban T.A. (eds) Assessment of Depression. Springer,

Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-70486-4_13.
Stein, N., Sprenger, C., Scholz, J., Wiech, K., & Bingel, U. (2012). White matter

integrity of the descending pain modulatory system is associated with
interindividual differences in placebo analgesia. Pain, 153(11), 2210-2217.

https://doi.org/10.1016/j.pain.2012.07.010.
Stewart-Williams, S., & Podd, J. (2004). The placebo effect: dissolving the expectancy

versus conditioning debate. Psychological Bulletin, 130(2), 324—340. https://

doi.org/10.1037/0033-2909.130.2.324.
Sutton, S.K. & Davidson, R.J (1997). Prefrontal Brain Asymmetry: A Biological

Substrate of the Behavioral Approach and Inhibition Systems. Psychological

Science, 8(3):204-210. doi:10.1111/j.1467-9280.1997.tb00413.x.
Swieboda, P, Filip, R., Prystupa, A., & Drozd, M. (2013). Assessment of pain: types,

mechanism and treatment. Annals of Agricultural and Environmental Medicine:

AAEM, Spec no. 1, 2-7.
Tomarken, A. J., Davidson, R. J., Wheeler, R. E., & Kinney, L. (1992). Psychometric

properties of resting anterior EEG asymmetry: temporal stability and internal
consistency. Psychophysiology, 29(5), 576-592. https://doi.org/10.1111/
j-1469-8986.1992.tb02034 .x.

Tracey |. (2010). Getting the pain you expect: mechanisms of placebo, nocebo and
reappraisal effects in humans. Nature Medicine, 16(11), 1277-1283. https://
doi.org/10.1038/nm.2229.

Tracey, I., & Bushnell, M. C. (2009). How neuroimaging studies have challenged us to
rethink: is chronic pain a disease?. The Journal of Pain, 10(11), 1113—-1120.

https://doi.org/10.1016/j.jpain.2009.09.001.
Tracey, |., & Mantyh, P. W. (2007). The cerebral signature for pain perception and its

modulation. Neuron, 55(3), 377-391. https://doi.org/10.1016/

j-neuron.2007.07.012.



No Brain No Pain 114

Turk, D.C., & Monarch, E. S. (2002). Biopsychosocial perspective on chronic pain. In:
DC Turk, RJ Gatchel (Eds), Psychological approaches to pain management,
(pp. 3-23.). Second edition: A practitioner’s handbook. Guildford publications.

https://doi.org/10.1016/S0022-3999(96)00324-8.
Uusberg, A., Uibo, H., Kreegipuu, K., & Allik, J. (2013). EEG alpha and cortical

inhibition in affective attention. International Journal of Psychophysiology,

89(1), 26—36. https://doi.org/10.1016/j.ijpsycho.2013.04.020.
van Hecke, O., Torrance, N., & Smith, B. H. (2013). Chronic pain epidemiology and its

clinical relevance. British Journal of Anaesthesia, 111(1), 13—18. https://doi.org/

10.1093/bja/aet123.

Vase, L., & Wartolowska, K. (2019). Pain, placebo, and test of treatment efficacy: a
narrative review. British Journal of Anaesthesia, 123(2), e254-e262. https://

doi.org/10.1016/j.bja.2019.01.040.
Vase, L., Riley, J. L., 3rd, & Price, D. D. (2002). A comparison of placebo effects in

clinical analgesic trials versus studies of placebo analgesia. Pain, 99(3), 443—

452. https://doi.org/10.1016/s0304-3959(02)00205-1.
Vase, L., Robinson, M. E., Verne, G. N., & Price, D. D. (2005). Increased placebo

analgesia over time in irritable bowel syndrome (IBS) patients is associated
with desire and expectation but not endogenous opioid mechanisms. Pain,

115(3), 338—-347. https://doi.org/10.1016/j.pain.2005.03.014.

Vlaeyen, J. W., & Linton, S. J. (2000). Fear-avoidance and its consequences in chronic
musculoskeletal pain: a state of the art. Pain, 85(3), 317-332. https://doi.org/

10.1016/s0304-3959(99)00242-0.
Vuga, M., Fox, N. A,, Cohn, J. F., George, C. J., Levenstein, R. M., & Kovacs, M.

(2006). Long-term stability of frontal electroencephalographic asymmetry in
adults with a history of depression and controls. International Journal of
Psychophysiology, 59(2), 107-115. https://doi.org/10.1016/
j-ijpsycho.2005.02.008.

Wager, T. D., & Atlas, L. Y. (2015). The neuroscience of placebo effects: connecting
context, learning and health. Nature Reviews. Neuroscience, 16(7), 403—418.

https://doi.org/10.1038/nr3976.



No Brain No Pain 115

Wager, T. D., Matre, D., & Casey, K. L. (2006). Placebo effects in laser-evoked pain
potentials. Brain, Behavior, and Immunity, 20(3), 219-230. https://doi.org/

10.1016/j.bbi.2006.01.007.
Wager, T. D., Rilling, J. K., Smith, E. E., Sokolik, A., Casey, K. L., Davidson, R. J.,

Kosslyn, S. M., Rose, R. M., & Cohen, J. D. (2004). Placebo-induced changes
in FMRI in the anticipation and experience of pain. Science, 303(5661), 1162—

1167. https://doi.org/10.1126/science.1093065.
Wager, T. D., Scott, D. J., & Zubieta, J. K. (2007). Placebo effects on human mu-opioid

activity during pain. Proceedings of the National Academy of Sciences of the
United States of America, 104(26), 11056—11061. https://doi.org/10.1073/

pnas.0702413104.
Wagner, G., Koschke, M., Leuf, T., Schidsser, R., & Bar, K. J. (2009). Reduced heat

pain thresholds after sad-mood induction are associated with changes in
thalamic activity. Neuropsychologia, 47(4), 980-987. https://doi.org/10.1016/

j-neuropsychologia.2008.10.021.
Wassermann, E. M., Blaxton, T. A., Hoffman, E. A., Berry, C. D., Oletsky, H., Pascual-

Leone, A., & Theodore, W. H. (1999). Repetitive transcranial magnetic
stimulation of the dominant hemisphere can disrupt visual naming in temporal
lobe epilepsy patients. Neuropsychologia, 37(5), 537-544. https://doi.org/

10.1016/s0028-3932(98)00102-x.
Watson, A., El-Deredy, W., Vogt, B. A., & Jones, A. K. (2007). Placebo analgesia is not

due to compliance or habituation: EEG and behavioural evidence. Neuroreport,

18(8), 771-775. https://doi.org/10.1097/WNR.0b013e3280c1e2a8.
Wolfe, F., Clauw, D. J., Fitzcharles, M. A., Goldenberg, D. L., Katz, R. S., Mease, P,,

Russell, A. S., Russell, I. J., Winfield, J. B., & Yunus, M. B. (2010). The
American College of Rheumatology preliminary diagnostic criteria for
fibromyalgia and measurement of symptom severity. Arthritis Care & Research,

62(5), 600-610. https://doi.org/10.1002/acr.20140.



No Brain No Pain 116

Wolfe, F., Smythe, H. A., Yunus, M. B., Bennett, R. M., Bombardier, C., Goldenberg, D.
L., Tugwell, P., Campbell, S. M., Abeles, M., & Clark, P. (1990). The American
College of Rheumatology 1990 Criteria for the Classification of Fibromyalgia.
Report of the Multicenter Criteria Committee. Arthritis and Rheumatism, 33(2),
160-172. https://doi.org/10.1002/art.1780330203

Woolf C. J. (1983). Evidence for a central component of post-injury pain
hypersensitivity. Nature, 306(5944), 686-688. https://doi.org/
10.1038/306686a0.

Woolf C. J. (2011). Central sensitization: implications for the diagnosis and treatment
of pain. Pain, 152(3 Suppl), S2-S15. https://doi.org/10.1016/

j-pain.2010.09.030.
Woolf, C. J., & Ma, Q. (2007). Nociceptors--noxious stimulus detectors. Neuron, 55(3),

353-364. https://doi.org/10.1016/j.neuron.2007.07.016.
World Health Organization (August 20th, 2020). Constitution. https://www.who.int/

about/who-we-are/constitution.

Yang, S. & Chang, M.C. (2020) Effect of Repetitive Transcranial Magnetic Stimulation
on Pain Management: A Systematic Narrative Review. Front. Neurol. 11:114.

doi: 10.3389/fneur.2020.00114.
Zubieta, J. K., Bueller, J. A., Jackson, L. R., Scott, D. J., Xu, Y., Koeppe, R. A., Nichols,

T. E., & Stohler, C. S. (2005). Placebo effects mediated by endogenous opioid
activity on mu-opioid receptors. The Journal of Neuroscience, 25(34), 7754—

7762. https://doi.org/10.1523/JNEUROSCI.0439-05.2005.



No Brain No Pain

ANNEX |

Table 1. List of conditions gathered in the axial system.

Axis | - Painful regions

Head, face and mouth

Cervical region

Upper shoulder and upper limbs

Thoracic region

Abdominal region

Lower back, lumbar spine, sacrum and coccyx
Lower limbs

Pelvic region

Anal, perineal, and genital region

Axis Il - Systems involved in pain

Nervous system (central, peripheral, and autonomic) and special senses;
physical disturbance or dysfunction.

Nervous system (psychological and social).

Respiratory and cardiovascular systems.

Musculoskeletical system and connective tissue

Cutaneous and subcutaneous and associated glands (breast, apocrine, etc.)
Gastrointestinal system

Genito-urinary system

Other organs or viscera (e.g., thyroid, lymphatic, hemopoietic)

Unknown

Axis lll - Pain pattern

Single episode, limited duration

Continuous or nearly continuous, nonfluctuating
Continuous or nearly continuous, fluctuating severity
Recurring irregularly

Recurring regularly

Paroxysmal

Sustained with superimposed paroxysms

Axis IV - Subjective pain intensity

Mild
Medium
Severe

Axis V - Etiology of pain

Genetic or congenital disorders

Trauma, operation, burns

Infective, parasitic

Inflammatory, immune reactions

Neoplasm

Toxic, metabolic, radiation

Degenerative, mechanical

Dysfunctional (including psychophysiological)
Unknown

Psychological origin
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Table 2. General taxonomy of pain syndromes

Relatively generalized syndromes

(e.g., peripheral neuropathy, phantom limb, central pain, fibromyalgia, etc.)

Relatively localized syndromes - head and neck

Neuralgias of the head and face

Craniofacial pain of musculoskeletical origin

Lesions of the ear, nose, and oral cavity

Primary headache syndromes, vascular disorders, and cerebrospinal fluid
syndromes

Pain of psychological origin in the head, face, and neck

Suboccipital and cervical musculoskeletical disorders

Visceral pain in the neck

Spinal pain (spinal and radicular pain syndromes) cervical and thoracic

Cervical spinal or radicular pain syndromes
Thoracic spinal or radicular pain syndromes

Local syndromes of the upper limbs and relatively generalized

Pain in the shoulder, arm, and hand

Vascular disease of the limbs

Collagen disease of the limbs

Vasodilating functional disease of the limbs
Arterial insufficiency in the limbs

Pain of psychological origin in the lower limbs

Visceral and other syndromes of the trunk apart from spinal and radicular
pain

Visceral and other chest pain

Chest pain of psychological origin

Chest pain referred from abdomen or gastrointestinal tract
Abdominal pain of neurological origin

Abdominal pain of visceral origin

Abdominal pain syndromes of generalized diseases
Abdominal pain of psychological origin

Diseases of the bladder, uterus, ovaries, and adnexa

Pain in the rectum, perineum, and external genitalia

Spinal pain (spinal and radicular pain syndromes) lumbar, sacral and
coccygeal

Lumbar spinal or radicular pain syndromes

Sacral spinal or radicular pain syndromes

Coccygeal pain syndromes

Diffuse or generalized spinal pain

Low back pain of psychological origin with spinal referral

Local syndromes of the lower limbs

Local syndromes in the leg or foot: pain of neurological origin
Pain syndromes of the hip and thigh of musculoskeletal origin
Musculoskeletal syndromes of the leg

Note. Merskey & Bogduk, 1994
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INTRODUCCION

En los Ultimos anos, la planta de Cannabis
Sativa L., sus derivados y componentes es-
tan generando mucha atencion en diferentes
ambitos, en parte, derivada de su legaliza-
cion para usos terapéuticos en al menos 30
paises (como, por ejemplo, Canada, Austra-
lia, Uruguay, Israel), asi como en la mayoria
de estados de Estados Unidos (33 estados,
por el momento). Este hecho, ha incentiva-
do a que la comunidad cientifica comience a
mostrar mayor interés por las propiedades

del cannabis, viéndose reflejado en el asom-
broso aumento de estudios relacionados,
existiendo casi la misma produccion cientifi-
ca en los Ultimos 10 afos que en toda la his-
toria previa. Curiosamente, este incremen-
to de produccién cientifica se ha generado
pese a las dificultades existentes para inves-
tigar con cannabis, al encontrarse actual-
mente dentro de la Lista | de la Convencidn
Unica de 1961 sobre estupefacientes. Este
estatus legal de la planta no permite, o difi-
culta en demasia, la experimentacién, con lo
que es muy dificil encontrar ensayos clinicos
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controlados que evalten su efectividad, aun-
que si con algunos de sus cannabinoides, ya
que no tienen el mismo estatus legal. De he-
cho, en nuestro pais, la Agencia Espanola del
Medicamento y Productos Sanitarios apro-
bé el medicamento Sativex, el cual contiene
una combinacion |:1 de Dronabinol (THCI
sintético) y extracto de CBD2 de la planta
de cannabis, con indicacién aprobada para
el tratamiento de la espasticidad en la escle-
rosis multiple (aunque se receta de forma
compasiva para otras indicaciones).

Pese a que los tratamientos cannabicos
comienzan a introducirse en la farmacopea,
la confusidn y el estigma creados alrededor
de esta planta estan generando mucha con-
troversia mediatica, politica y legal respecto
a sus propiedades terapéuticas Yy, por ende,
la posibilidad de su legalizacion o regulacién
(ni que decir tiene la mayor controver-
sia en sus usos recreativos). Sin embargo,
aparentemente existe poca O ninguna en
los ambitos cientificos, o sociales en el uso
medicinal y principalmente en caso concre-
to del manejo del dolor. Como ejemplos
relevantes en el ambito cientifico podemos
encontrar los informes de la National Aca-
demies of Sciences y el Comité de Expertos
en Dependencia a Drogas. En concreto, la
National Academies of Sciences publica en su
informe de 2017 que “existe evidencia sus-
tancial” de que el cannabis es un tratamiento
efectivo para el manejo del dolor cronico,
entre otras patologias. Por otro lado, tras
la 40* reunion del Comité de Expertos en
Dependencia a Drogas, celebrada en junio
de 2018, se emitié una serie de recomen-
daciones para la Organizacién Mundial de la
Salud, en las que concluye que el CBD no
deberia encontrarse en los tratados interna-
cionales sobre drogas al no ser considerado
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como tal. Respecto a la planta, sus extrac-
tos, THC e isbmeros consideran que existe
suficiente evidencia como para realizar una
revision critica sobre su estatus legal. Cam-
biando este estatus seria posible la realiza-
cion de ensayos clinicos controlados sobre
la efectividad de la planta, hecho que haria
avanzar enormemente nuestro conocimien-
to sobre sus propiedades. Respecto al ambi-
to social, segln la Ultima encuesta del CIS de
noviembre de 2018, el 84% de las personas
encuestadas se decantaron a favor de “la
venta de marihuana en establecimientos y en
determinadas condiciones” para uso médico,
con lo que la opinién publica parece estar
bastante posicionada a favor del uso tera-
péutico de la planta.

DOLOR CRONICOY
CANNABIS

El dolor se puede definir como una per-
cepcion subjetiva resultante de la trans-
duccidén, transmision y modulacién de la
informacién sensorial filtrada a través de
la propia genética e historia de aprendiza-
je, que ademas es modulado por el estado
psicolégico y emocional, asi como el con-
texto sociocultural (Turk y Monarch, 2002).
Asimismo, cuando el dolor se cronifica sue-
le ir acompafnado de depresidn, ansiedad,
insomnio y problemas sociales (van Hecke
et al., 2013), los cuales agravan la situacion
de la persona que lo padece. El 17,25% de
la poblacidn espanola padece algun tipo de
dolor crénico, sin embargo, es interesante
observar que las personas con dolor mode-
rado tomen mas medicacién que aquellas
con dolor severo y que el 51,22% de las
personas con dolor crénico no tengan pres-
cripciones de medicamentos para tratar el
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dolor (National Health and Wellness Survey
[NHWS], 2010). De los datos extraidos de
esta encuesta se observa que pese a la alta
prevalencia de poblacion con dolor, no exis-
te una adherencia a los tratamientos médi-
cos al uso equivalente, y esta circunstancia
se agrava en el caso de las personas con
dolor severo. Observando una necesidad
de blsqueda de nuevas estrategias para el
manejo del dolor, ya que los datos muestran
que las existentes no estan funcionando
para todas las personas.

En el estado espafol no existen datos pu-
blicados sobre el nUmero de pacientes con
dolor crénico que utilicen cannabis, dada su
condicion de ilegalidad, pero en otros paises
como, por ejemplo, Estados Unidos, si po-
demos obtener una instantanea. De hecho,
segln estudios recientes, el dolor crénico
es la patologia por la que mas recurren los
estadounidenses al cannabis, representando
el 67% del total de los pacientes con licencia
(Boehnke et al., 2019; Kosiba et al., 2019).
Aunque existen diferencias, dependiendo
del estatus legal que tiene el cannabis en
cada estado y las aplicaciones médicas que
le han concedido, el dolor crénico y, en con-
creto, el dolor severo (Park y Wu, 2017),
siempre se mantiene en primera posicidn
en los requerimientos de licencias de can-
nabis medicinal. Asimismo, los autores no
encuentran diferencias de género en las ra-
zones aludidas para utilizar cannabis.

Teniendo en consideracién los datos epi-
demioldgicos previamente presentados so-
bre adhesion a tratamientos en el estado es-
pafol, aquellas personas con dolor severo a
quienes los tratamientos convencionales no
les han dado resultado, intentaran paliar su
dolor de algin modo, y no es descabellado
pensar que, del mismo modo que las per-
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sonas estadounidenses, tienen la posibilidad
de hacerlo mediante cannabis.

{Es realmente efectivo el cannabis
en el tratamiento y/o manejo del
dolor crénico?

El sistema endocannabinoide es un siste-
ma bioldégico complejo y ubicuo que posee
multiples funciones fisiologicas. Dicho sis-
tema, se expresa practicamente a lo largo
de todo el organismo (por ejemplo, siste-
ma nervioso, sistema digestivo, aparato
reproductor, musculos, sistema inmune),
teniendo una gran presencia en las vias no-
ciceptivas. Se ha descubierto que el sistema
endocannabinoide representa un importan-
te sistema enddgeno de control del dolor,
el cual funciona paralelamente al sistema
opioide, siendo ambos cruciales en la re-
solucién de estados de dolor, asi como de
los aspectos afectivos y cognitivos del mis-
mo (Woodharms et al., 2017). Este hecho
ha propiciado que dicho sistema sea visto
como una prometedora diana terapéutica,
dada la presente crisis de opioides y la falta
de herramientas para el manejo del dolor
crénico severo.

La evidencia clinica, es decir, la expe-
riencia subjetiva que informan las personas
usuarias, sumado a la historia de la medi-
cina, sugieren que existen numerosas pro-
piedades terapéuticas en la planta, como
es el caso del manejo del dolor. Sin embar-
go, los estudios de revision y meta-analisis
revelan una marcada disparidad en cuanto
a la eficacia de los cannabinoides. En un re-
ciente estudio de revision de Campbell y
colaboradoras (2019), se ponen de relieve
diferentes limitaciones de los ensayos clini-
cos llevados a cabo con terapias cannabi-
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cas, entre los que se encuentran la selec-
cién y tamano de la muestra, y la limitada
duracion de los ensayos. Otra limitacion
observada en las revisiones es el hecho de
mezclar y tratar como iguales diferentes
terapias cannabicas como son el cannabis
medicinal y las medicinas basadas en canna-
bis (Lynch et al., 2015). El primer término
hace referencia al uso de la planta de can-
nabis, o extractos de la misma, mientras el
segundo hace referencia a cannabinoides
sintéticos o extractos depurados de algin
cannabinoide especifico, siendo por el mo-
mento THC y/o CBD los mas utilizados.
Este hecho de agrupar diferentes tipos de
terapias cannabicas es un error, ya que la
planta, ademas de los dos cannabinoides
famosos, posee mas de 400 compues-
tos (siendo mas de 100 de ellos canna-
binoides) los cuales interactdan entre si
modulando su accidn fisioldgica. Por esta
causa, en principio, la planta completa de-
beria tener diferente efecto que la extrac-
cién o sintesis de THC o CBD en solitario,
debido a su mayor complejidad quimica.
De hecho, se muestran importantes dife-
rencias en la farmacocinética dependiendo
de la fuente del cannabinoide, el perfil de
cannabinoides e incluso las vias de admi-
nistracion (Campbell et al., 2019), con lo
que si se mezclan todas estas variables no
es posible obtener un resultado objetivo
del efecto del tratamiento sobre el dolor
cronico. Otra cuestion a tener en cuenta
es la caracterizacion misma del dolor cro-
nico, ya que pese a tener igual manifesta-
cién clinica, la fisiopatologia de cada tipo
es muy diferente; pero, a menudo, tanto
para realizar ensayos como en las revisio-
nes, se agrupan todas las tipologias en un
doloroso cajon desastre. También la mis-
ma valoracién del dolor puede conducir a
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resultados sesgados, ya que como se indi-
ca al inicio del apartado, el dolor crénico
es multidimensional, asi que no es realista
Unicamente medir la variacion en la inten-
sidad del dolor sino que se deberian incluir
otros aspectos de tipo psicolégico como la
percepcién de calidad de vida o bienestar.
En esta linea, en un ensayo clinico no alea-
torizado con cannabis medicinal, donde se
analizo el efecto de la coadministracién de
cannabis en decoccién junto con el trata-
miento convencional, en un amplio abani-
co de pacientes con dolor crénico no on-
colégico (véase: fibromialgia, radiculopatia,
dolor de cabeza, artritis reumatoide, dolor
neurolégico, otros sindromes con dolor
crénico) se observd que el tratamiento
redujo levemente la intensidad del dolor,
sin embargo, mejord significativamente el
funcionamiento diario, asi como permitid
una reduccién en los sintomas de ansiedad
y depresién (Poli et al., 2018). Este ultimo
estudio pone de relieve que la intensidad
de dolor puede permanecer casi invaria-
ble (como ocurre en otros ensayos clini-
cos controlados), sin embargo si se anali-
zan otros parametros relacionados con el
dolor, como la calidad de vida y bienestar
personal, se observa una mejora significa-
tiva. Sin embargo y pese a las limitaciones
descritas, existe cierto consenso cientifico
en la utilidad del cannabis para el manejo
del dolor crénico, aunque no para todos
los tipos (Romero-Sandoval et. al., 2017).

Segln los ensayos clinicos y estudios de
revision consultados, los mayores efectos y
con mayor evidencia cientifica en la reduc-
cion de la intensidad del dolor se encuentran
en el dolor crénico de origen neuropatico
(Romero-Sandoval et. al.,, 2017; Muche et
al., 2018; Poli et al., 2018; Urits et al., 2019a
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y b). En particular, en un reciente analisis de
“datos de la vida real”, muestra que las me-
dicinas basadas en cannabis no sdélo palian el
dolor mediante la reduccion de la intensidad
misma del dolor, sino que parece apuntar
hacia una mejora significativa en otros pa-
rametros relacionados como mejora en las
actividades de la vida diaria, suefo, estado
animico, bienestar, asi como calidad de vida
tanto fisica como psicoldgica. Estos resulta-
dos se mostraron mas significativos en las
personas con dolor neuropatico en compa-
racién a los grupos de dolor mixto o noci-
ceptivo (Ueberall et al., 2019).

En relacion al dolor musculoesquelético
parecen no existir ensayos clinicos contro-
lados, pese a ser una de las condiciones con
mayor prevalencia en dolor crénico (Cam-
pbell et al., 2019). Respecto al dolor de tipo
oncoldgico, los ensayos clinicos realizados
con medicinas basadas en cannabis, espe-
cialmente nabiximoles (Sativex), muestran
una efectividad cuestionable en la reduccién
de la intensidad del dolor (Romero-Sando-
val, 2017; Hauser et al., 2019), aunque pa-
rece mejorar el suefio en estos pacientes
(Urits et al., 2019b).

En el caso del dolor de tipo reumatico,
existen ensayos clinicos que muestran que
los nabiximoles son efectivos en la reduc-
cion del dolor generado por artritis reuma-
toide (Urits et al., 2019b), mientras otros di-
cen lo contrario (Romero-Sandoval, 2017).
Los estudios con fibromialgia muestran el
mismo patrén de resultados también causa-
do, en parte, por la escasez de ensayos clini-
cos controlados de alta calidad de evidencia
(Fritzcharles et al., 2016). Sin embargo, en
un reciente estudio observacional llevado
a cabo con cannabis medicinal para el tra-
tamiento de la fibromialgia, se observa una
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mejora significativa en los sintomas asocia-
dos a esta patologia, asi como en su calidad
de vida (Sagy et al., 2019). En esta linea el
profesor Ethan Russo (2001, 2016) presen-
td una teoria de deficiencia clinica endocanna-
binoide como base fisioldgica de esta patolo-
gia (asi como otros sindromes resistentes a
tratamiento como migrafa y colon irritable),
que ha sido citada ampliamente, aunque no
ha sido estudiada en profundidad.

Pero siendo el cannabis una
“droga”, ;es seguro el uso de
terapias cannabicas?

Opino que debemos intentar eliminar el
estigma de “droga” creado durante décadas
sobre esta planta el cual se estd interpo-
niendo en el completo desarrollo y cono-
cimiento cientifico. De hecho, en el estudio
antes citado de Poli y colaboradores (2018),
se indica que hasta 38 pacientes no fueron
incluidos en el estudio, ya que no quisieron
tomar cannabis dado el estigma que aca-
rrea, y otros 87 no pudieron conseguir su
medicacion, ya que no disponian de ella en la
farmacia (por el estigma de los farmacéuti-
cos). Estos hechos serian impensables en un
ensayo clinico con cualquier otra sustancia.

Se plantean dos problemas principal-
mente respecto a las terapias cannabicas:
el primero guarda relacién con los efectos
secundarios y el segundo con la posibili-
dad de usos problematicos o adiccidn. Los
ensayos clinicos realizados con medicinas
basadas en cannabis consultados muestran
efectos secundarios de tipo leve a mo-
derado como mareo, sequedad de boca,
confusion, cambios de humor y trastor-
nos cognitivos, entre otros. Estos efectos
suelen estar asociados a mayores concen-
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traciones de THC y son mas consistentes
en personas que nunca han sido expuestas
al cannabis en comparaciéon con personas
con experiencia previa (ver Campbell et al.,
2019). Mientras en alguna revisién se llega
a cuestionar si la mejora clinica puede ser
superada por los danos potenciales (Mucke
etal., 2018), en otros estudios y revisiones
se muestran las terapias como seguras y to-
lerables, incluso en estudios longitudinales,
ademas se alude a que los efectos bene-
ficiosos superan los adversos (ver Poli et
al., 2018, Ueberall et al., 2019; Urits, et al.,
2019a y b). Pese a los efectos secundarios
descritos, los fitocannabinoides nunca han
sido relacionados con sobredosis o efec-
tos fatales, tanto en uso terapéutico como
recreativo, posiblemente a causa de que
no existen receptores cannabinoides en el
tronco cerebral (Maroon y Bost, 2018) y
de que los preparados utilizados de forma
medicinal suelen contener a su vez CBD el
cual mitiga los efectos del THC. Respecto
al segundo problema planteado, se ha ob-
servado, principalmente mediante encues-
tas, que las personas que utilizan cannabis
de forma terapéutica en comparacién a
aquellas que lo utilizan de forma recreativa,
son personas de mayor edad, muestran una
mayor historia de uso, menores problemas
relacionados con el uso del cannabis, no lo
utilizan en mayores cantidades o frecuencia
y muestran preferencia por variedades de
cannabis ricas en CBD (como el Cannabis
indica) (Cohen et al., 2016). Ademas, el
patrén de consumo en estas personas se
asemeja mas a una pauta de medicacion
(Sznitman, 2017).

Un beneficio secundario aludido al uso
de terapias cannabicas como analgésico,
es el potencial para reducir la cantidad de
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opioides prescritos, principalmente dada la
actual epidemia opioide existente, donde
|42 personas mueren al dia derivado del
abuso de este analgésico (Najera, 2017).
Los estudios preclinicos, ecolégicos y epi-
demioldgicos sugieren la posibilidad de que
las terapias canndbicas puedan reducir la
cantidad de opioides o incluso sean un rem-
plazo (Capmbell et al., 2019). De hecho, se
ha llegado a observar una reduccion del 47%
en la toma de opioides, incluso el cese de la
prescripcién en el 40% de los pacientes con
dolor croénico involucrados en un programa
de cannabis medicinal (Vigil et al., 2017).

La informacién consultada apoya la po-
sibilidad de utilizacién del cannabis como
herramienta para el manejo del dolor, ya
sea en mayor o menor medida, bien en su
forma herbal como sintética, sin embargo,
se necesita de mas investigacion para trazar
los perfiles de eficacia para cada sindrome.
Pero no podremos avanzar libremente en el
conocimiento sobre esta planta y sus com-
puestos, si se sigue manteniendo su estatus
legal, ya que existen muchas restricciones
para la investigacién con humanos. Asimis-
mo se deben abolir los prejuicios y estigmas
entorno ala planta, y las personas que la uti-
lizan, para de ese modo eliminar barreras y
que las personas sean totalmente libres a la
hora de elegir su tratamiento.

*ABREVIATURAS:

[. THC: delta-9 tetrahidrocannabinol, fi-
tocannabinoide reconocido con efectos
psicoactivos y efectos medicinales.

2. CBD: cannabidiol, fitocannabinoide reco-
nocido que no posee efectos psicoacti-
vos, pero si efectos medicinales.
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