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Objetivos
• Conocer aspectos básicos de la neurobiología de 

la percepción del dolor 

• Comprender características generales de los 
sistemas analgésicos endógenos y mecanismos 
de acción a nivel celular y sinóptico 

• Conocer el efecto placebo y qué fenómenos dan 
cuenta de su existencia



¿Qué es el dolor?





¿Qué es el dolor?

• ¿Es “exceso de estímulo”? 

• ¿Puede doler un estímulo luminoso o gustativo? 

• ¿Forma parte del sistema Somatosensorial? 

• ¿Es una modalidad propia?



¿Qué es el dolor?



• Dolor/Placer en la esfera de las 
emociones (“Pasiones del Alma”) 

• Constructo Metafísico 

• No hay órgano específico 

• Da pie a la teoría de la 
intensidad/patrones 

• No existe un sistema dedicado 
al procesamiento del dolor. 

• La percepción es el resultado 
de la interacción de impulsos 
en una red no específica

¿Qué es el dolor?



¿Qué es el dolor?
• Rene Descartes publica en 1664✞ 

el “Tratado del Hombre” 

• Asimila el hombre a una máquina 

• El dolor se transmite por los 
nervios al Cerebro (no al Corazón) 

• Da pie a la Teoría de la 
Especificidad 

• Supone que cada modalidad 
sensorial es el resultado de la 
activación de un sistema 
específico en el cerebro



¿Qué es el dolor (en el siglo 
XXI)?



¿Qué es dolor?
• Es una modalidad sensorial 

por derecho propio 

• Tiene una anatomía y 
fisiología propias (no 
compartida) 

• Es generada a partir de 
procesos que ocurren en el 
Sistema Nervioso (no en el 
corazón)



¿Qué es dolor?
• Es una modalidad sensorial 

por derecho propio 

• Tiene una anatomía y 
fisiología propias (no 
compartida) 

• Es generada a partir de 
procesos que ocurren en el 
Sistema Nervioso (no en el 
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¿Qué es dolor?
• DOLOR: “Una experiencia sensorial y emocional 

desagradable asociada o similar a la asociada con 
daño tisular real o potencial” 

• NOCICEPCIÓN: “El proceso neural que codifica 
los estímulos nocivos (noxa).” 

International Association for the Study of Pain (IASP)



¿Qué es dolor?
El dolor es siempre una experiencia personal que está influenciada en diversos 
grados por factores biológicos, psicológicos y sociales.

El dolor y la nocicepción son fenómenos diferentes. El dolor no se puede inferir 
únicamente de la actividad de las neuronas sensoriales.

A través de sus experiencias de vida, los individuos aprenden el concepto de 
dolor.

Se debe respetar el relato de una persona sobre una experiencia como dolor.

Aunque el dolor suele cumplir una función adaptativa, puede tener efectos 
adversos sobre la función y el bienestar social y psicológico.

La descripción verbal es sólo una de varias conductas para expresar dolor; La 
incapacidad de comunicarse no niega la posibilidad de que un ser humano o un 
animal no humano experimente dolor.
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Transducción
• Las moléculas 

transductoras son canales 
iónicos

• La familia más grande 
pertenece a los Transient 
Receptor Potential (TRP) 

• El primero conocido y más 
estudiado es el TRPV1 o 
receptor de Capsaicina

                    
                    

                  

212 CHAPTER 10 

BOX 10A Capsaicin 

Capsaicin, the principle ingredient 
responSJ.ble for the pungency of hot 
peppers, is eaten daily by over a third 
of the world's population. Capsaicin 
activates responses in a subset of noci-
ceptive C fibers (polymodal nocicepto.rs) 
by opening ligand-gated ion channels 
that permit the entry of Na+ and Ca2+. 
One of these channels, 1RPV1, has 
been cloned and has been found to be 
activated by capsaicin, acid, and anan-
d.amide (an endogeneous compound. 
that also activates cannabanoid recep-
tors), or by heating the tissue to about 
43°C. It follows that anandamide and 
temperature are probably the endog-
enous activators of these ch.ann.els. 
Mice whose 1RPV1 receptors have been 
knocked out drink capsaicin solutions 
as if they were water. Receptors for 
capsaicin have been found in polymod-
al nociceptors of all mammals, but they 
are not present in birds Oeading to the 

production of squirrel-proof birdseed 
laced with capsaicin). 

When applied to the mucus mem-
branes of the oral cavity, capsaicin acts 
as an irritant. producing protective 
reactions. When injected into skin, it 
produces a burning pain and elicits 
hyperalgesia to thermal and mechani-
cal stimuli. Repeated applications of 
ca.psaicin also desensime pain fibers 
and prevent neuromodulators such as 
substance P, VIP, and somatostatin 
from being released by peripheral and 
central nerve terminals. Consequently, 
ca.psaicin is used clinically as an anal-
gesic and anti-inflammatory agent; it 
is usually applied topically in a cream 
(0.075%) to relieve the pain associated 
with arthritis, postherpetic neuralgia, 
mastectomy, and t:rigeminal neuralgia. 
Thus, this remarkable chemical irritant 
not only gives gustatory pleasure on an 

enormous scale, but it is also a useful 
pain reliever. 
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(A) Some widely used peppers that contain capsaicin. (8) The chemical struc-
ture of capsaicin. (Q The capsaicin molecule. (D) Schematic of the VR-1/cap-
saidn receptor channel. This channel can be activated by capsaicin intracellu-
larly, or by heat or protons (W) at the cell surface. 

of mechano- and chemonociception is an area of active in-
vestigation and is critical for understanding the initial steps 
in the neural pathways that contribute to pain. 

The graded potentials arising from receptors in the distal 
branches of nociceptive fibers must be transformed into ac-
tion potentials in order to be conveyed to synapses in the 
dorsal horn of the spinal cord. Voltage-gated sodium and 

potassium channels are critical in this process (see Chapter 
4), and one specific subtype of sodium channel-Navl.7-
appears to be especially important for the transmission of 
nociceptive information. Altered activity of Nav1.7 is re-
sponsible for a variety of human pain disorders. Mutations 
of the NAV1.7 gene that lead to a loss of this channel's 
function result in an inability to detect noxious stimulation, 



Transducción
• Las proteínas 

transductoras no se 
distribuyen 
homogeneamente entre 
los nociceptores 

• Existen sub-familias de 
nociceptores 

•  Esta agrupación 
genera líneas 
marcadas
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of signal detection, and follow this with a brief over-
view of recent genetic studies that highlight the contri-
bution of voltage-gated channels to pain transmission  
(Figure 3).
Activating the Nociceptor: Heat
Human psychophysical studies have shown that there is a clear 
and reproducible demarcation between the perception of innoc-
uous warmth and noxious heat, which enables us to recognize 
and avoid temperatures capable of causing tissue damage. This 
pain threshold, which typically rests around 43°C, parallels the 
heat sensitivity of C and type II AG nociceptors described earlier. 
Indeed, cultured neurons from dissociated dorsal root ganglia 
show similar heat sensitivity. The majority display a threshold 
of 43°C, with a smaller cohort activated by more intense heat 
(threshold >50°C) (Cesare and McNaughton, 1996; Kirschstein 
et al., 1997; Lef!er et al., 2007; Nagy and Rang, 1999). Molecu-
lar insights into the process of heat sensation came from the 
cloning and functional characterization of the receptor for cap-
saicin, the main pungent ingredient in “hot” chili peppers. Cap-
saicin and related vanilloid compounds produce burning pain by 
depolarizing speci"c subsets of C and AG nociceptors through 
activation of the capsaicin (or vanilloid) receptor, TRPV1, one 
of approximately 30 members of the greater transient recep-

tor potential (TRP) ion channel family (Caterina et al., 1997). The 
cloned TRPV1 channel is also gated by increases in ambient 
temperature, with a thermal activation threshold of ?43°C.

Several lines of evidence support the hypothesis that TRPV1 
is an endogenous transducer of noxious heat. First, TRPV1 
is expressed in the majority of heat-sensitive nociceptors 
(Caterina et al., 1997). Second, capsaicin- and heat-evoked 
currents are similar, if not identical, in regard to their pharma-
cological and biophysical properties, as are those of heterolo-
gously expressed TRPV1 channels. Third, and as described 
in greater detail below, TRPV1-evoked responses are mark-
edly enhanced by proalgesic or proin!ammatory agents (such 
as extracellular protons, neurotrophins, or bradykinin), all of 
which produce hypersensitivity to heat in vivo (Tominaga et al., 
1998). Fourth, analysis of mice lacking this ion channel not only 
revealed a complete loss of capsaicin sensitivity, but these 
animals also exhibited signi"cant impairment in their ability 
to detect and respond to noxious heat (Caterina et al., 2000; 
Davis et al., 2000). These studies also demonstrated an essen-
tial role for this channel in the process whereby tissue injury 
and in!ammation leads to heat hypersensitivity, re!ecting the 
ability of TRPV1 to serve as a molecular integrator of thermal 
and chemical stimuli (Caterina et al., 2000; Davis et al., 2000).

The contribution of TRPV1 to acute heat sensation, how-
ever, has been challenged by data collected from an ex vivo 
preparation in which recordings are obtained from the soma of 
DRG neurons with intact central and peripheral "bers. In one 
study, no differences were observed in heat-evoked responses 
from wild-type and TRPV1-de"cient animals (Woodbury et al., 
2004), but a more recent analysis from this group found that 
TRPV1-de"cient mice do indeed lack a cohort of neurons 
robustly activated by noxious heat (Lawson et al., 2008). Tak-
ing these data together with the results described above, we 
conclude that TRPV1 unquestionably contributes to acute heat 
sensation, but agree that TRPV1 is not solely responsible for 
heat transduction.

In this regard, whereas TRPV1-de"cient mice lack a compo-
nent of behavioral heat sensitivity, the use of high-dose cap-
saicin to ablate the central terminals of TRPV1-expressing pri-
mary afferent "bers results in a more profound, if not complete, 
loss of acute heat pain sensitivity (Cavanaugh et al., 2009). 
As for the TRPV1 mutant, there is also a loss of tissue injury-
evoked heat hyperalgesia. Taken together, these results indi-
cate that both the TRPV1-dependent and TRPV1-independent 
component of noxious heat sensitivity is mediated via TRPV1-
expressing nociceptors.

What accounts for the TRPV1-independent component of 
heat sensation? A number of other TRPV channel subtypes, 
including TRPV2, 3, and 4, have emerged as candidate heat 
transducers that could potentially cover detection of stimu-
lus intensities !anking that of TRPV1, including both very hot 
(>50°C) and warm (mid-30°C) temperatures (Lumpkin and 
Caterina, 2007). Heterologously expressed TRPV2 chan-
nels display a temperature activation threshold of ?52°C, 
whereas TRPV3 and TRPV4 are activated between 25°C and 
35°C. TRPV2 is expressed in a subpopulation of AG neurons 
that respond to high-threshold noxious heat, and its biophysi-
cal properties resemble those of native high-threshold heat-

Figure 3. Nociceptor Diversity
There are a variety of nociceptor subtypes that express unique repertoires 
of transduction molecules and detect one or more stimulus modalities. 
For example, heat-sensitive afferents express TRPV1 and possibly other, 
as yet unidenti"ed heat sensors; the majority of cold-sensitive afferents 
express TRPM8, whereas a small subset likely express an unidenti"ed cold 
sensor. Polymodal nociceptors also express chemoreceptors (e.g. TRPA1) 
and one or more as yet unidenti"ed mechanotransduction channels. These 
"bers also express a host of sodium channels (such as NaV 1.8 and 1.9) 
and potassium channels (such as TRAAK and TREK-1) that modulate 
nociceptor excitability and/or contribute to action potential propagation. 
Three major C "ber nociceptor subsets are shown here, but the extent of 
functional and molecular diversity is undoubtedly more complex. Further-
more, the contribution of each subtype to behavior is a matter of ongoing  
study.
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Ratón Normal 

(wild-type)

Ratón Mutante 
(knock-out 
TRPM8-/-)
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Vías nociceptivas
• Las fibras Aδ y C sinaptan 

neuronas en capa I, II y V 

• Aβ sinaptan neuronas de 
capa V a través de sus 
dendritas ubicadas en capa 
IV 

• Capa I y V son neuronas de 
proyección 

• Capa II son interneuronas 

• ¿Qué nos dice esto?
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Many neurons in the most super!cial lamina of 
the dorsal horn, termed lamina I or the marginal layer, 
respond to noxious stimuli conveyed by Aδ and C 
!bers. Because they respond selectively to noxious 
stimulation they have been called nociception-speci!c 
neurons. This set of neurons projects to higher brain 
centers, notably the thalamus. A second class of lamina 
I neurons receives input from C !bers that are activated 
selectively by intense cold. Other classes of lamina I 
neurons respond in a graded fashion to both innocu-
ous and noxious mechanical stimulation and thus are 
termed wide-dynamic-range neurons.

Lamina II, the substantia gelatinosa, is a densely 
packed layer that contains many different classes of local 
interneurons, some excitatory and others inhibitory. 
Some of these interneurons respond selectively to noci-
ceptive inputs, whereas others also respond to innocu-
ous stimuli. Laminae III and IV contain a mixture of 

after therapeutic transection of sensory afferent !bers 
in the dorsal roots.

Signals from Nociceptors Are Conveyed to 
Neurons in the Dorsal Horn of the Spinal Cord

The perception of noxious stimuli arises from signals in 
the peripheral axonal branches of nociceptive sensory 
neurons whose cell bodies are located in dorsal root 
ganglia or the trigeminal ganglia. The central branches 
of these neurons terminate in the spinal cord in a highly 
orderly manner. Most terminate in the dorsal horn. 
Primary afferent neurons that convey distinct sensory 
modalities terminate in different laminae (Figure 24–3B). 
Thus there is a tight link between the anatomical organi-
zation of dorsal horn neurons, their receptive properties, 
and their function in sensory processing.

C fiber

I
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V
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To brain stem
and thalamus

To thalamus

B  Spinal cord inputs

Aδ fibers 

Aδ fiber 

Aβ fiber
(mechanoreceptor)

C fiber

Thermal Polymodal SilentMechanical

A  Nociceptor types

Figure 24–3 Nociceptive !bers terminate in the dorsal horn 
of the spinal cord.
A. Peripheral nociceptor classes.
B. Neurons in lamina I of the dorsal horn receive direct input 
from myelinated (Aδ) nociceptive !bers and both direct and 
indirect input from unmyelinated (C) nociceptive !bers via 
interneurons in lamina II. Lamina V neurons receive low- 
threshold input from large-diameter myelinated !bers (Aβ) of 

mechanoreceptors as well as inputs from nociceptive affer-
ent !bers (Aδ and C !bers). Lamina V neurons send dendrites 
to lamina IV, where they are contacted by the terminals of 
Aβ primary afferents. Dendrites in lamina III arising from cells 
in lamina V are contacted by the axon terminals of lamina II 
interneurons. Aα !bers innervate motor neurons and interneu-
rons in the ventral spinal cord (not shown). (Modi!ed, with 
permission, from Fields 1987.)
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exclusivamente 

nociceptivas



• Al igual que en la vía SS 
(cordones posteriores) la 
segunda neurona decusa 
hacia el contralateral 

• Asciende por numerosos 
tractos hacia diversas 
regiones 

• Los principales tienen sus 
axones en el sistema 
anterolateral de la médula

Vías nociceptivas
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The lateral nuclear group comprises the ventro-
posterior medial nucleus, the ventroposterior lateral 
nucleus, and the posterior nucleus. These three nuclei 
receive inputs through the spinothalamic tract from 
nociception-speci!c and wide-dynamic-range neurons 
in laminae I and V of the dorsal horn. The lateral thal-
amus is thought to be concerned with the processing 
of information about the precise location of an injury, 
information usually conveyed to consciousness as 
acute pain. Consistent with this view, neurons in the 
lateral thalamic nuclei have small receptive !elds, 
matching those of the presynaptic spinal neurons.

Injury to the spinothalamic tract and its thalamic 
targets causes a severe form of pain termed central pain. 
An infarct in a small region of the ventroposterolateral 
thalamus produces the perception of a spontaneous 
burning pain, together with other abnormal sensations 

dorsal columns and terminate in the cuneate and grac-
ile nuclei of the medulla.

The spinohypothalamic tract contains the axons of 
neurons found in laminae I, V, and VIII of the dorsal 
horn in the spinal cord. These axons project to hypo-
thalamic nuclei that serve as autonomic control cen-
ters involved in the regulation of the neuroendocrine 
and cardiovascular responses that accompany pain  
syndromes.

Several Thalamic Nuclei Relay Nociceptive 
Information to the Cerebral Cortex

The thalamus contains several relay nuclei that partici-
pate in the central processing of nociceptive informa-
tion. Two of the most important regions of the thalamus 
are the lateral and medial nuclear groups.

Spinothalamic

To association 
cortex Postcentral
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sensory
cortex)
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lateral
nucleus
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Figure 24–12 Three of the !ve ascending pathways 
that transmit nociceptive information from the spinal cord 

to higher centers. (Adapted, with permission, from Willis 
1985.)
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Regiones corticales 
involucradas en la 

percepción del dolor



Corteza y dolor
• A diferencia de otras 

modalidades, NO existe la 
corteza “nociceptiva primaria” 

• La percepción del dolor se 
asocia con la actividad de 
muchas áreas corticales 

• Esta diversidad es la base de la 
multidimensionalidad del dolor: 

• Perceptual 

• Emocional 

• Cognitiva

Bushnell et. al 2013
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ventral posterior nucleus (VP), the posterior part of the
ventral medial nucleus (VMpo), the ventral posterior infe-
rior nucleus (VPI), and the ventral caudal division of the
medial dorsal nucleus (MDvc). Recent evidence, however,
questions the lamina I STT projection to VP (Craig, 2006).
Lamina V STT axons terminate in VP, VPI, ventral lateral
nucleus, and intralaminar nuclei. However, the thalamus
and its connections spinally and supraspinally are still
debated in terms of nociceptive processing in humans.
Nevertheless, higher-resolution imaging studies coupled
to surgical investigations in humans have confirmed the
relevance of nuclei identified to date from animal studies
(Montes et al., 2005; Romanelli et al., 2004; Seghier
et al., 2005). As a critical relay site, it’s perhaps not surpris-
ing that the thalamus is implicated in chronic pain.
Decreased thalamic blood flow contralateral to the site
of pain in patients with cancer has been shown (Di Piero
et al., 1991), and in patients developing pain following
lesions to the peripheral or central nervous system, tha-
lamic hypoperfusion occurs. Of course, such hypoperfu-
sion could reflect either a decrease in neural activity or
deafferentation. A recent study of a patient with a left
medullary infarct (Wallenberg’s syndrome) attempted to
distinguish between these possibilities (Garcia-Larrea
et al., 2006). In this patient, extensive right-sided sensory
deficits were accompanied by left-sided facial pain, and
a PET scan revealed that the reduction of blood flow
occurred in the right thalamus, contralateral to the area
of pain. The repeat scan following pain relief afforded by
motor cortex stimulation showed restoration of thalamic
perfusion. This suggests that thalamic hypoperfusion

indeed reflects the pain state, although it may not be path-
ophysiological per se. Future areas of investigation should
include targeted deep-brain stimulation in patients,
informed by white matter diffusion tractrography connec-
tivity maps, to better determine the role of specific
thalamic nuclei in pain perception and its modulation.
The Pain Matrix
Because pain is a complex, multifactorial subjective expe-
rience, a large distributed brain network is subsequently
accessed during nociceptive processing. Melzack (1999)
first described this as the pain ‘‘neuromatrix,’’ but it’s
now more commonly referred to as the ‘‘pain matrix’’;
simplistically it can be thought of as having lateral (sen-
sory-discriminatory) and medial (affective-cognitive-
evaluative) neuroanatomical components (Albe-Fessard
et al., 1985). However, because different brain regions
play a more or less active role depending upon the precise
interplay of the factors involved in influencing pain percep-
tion (e.g., cognition, mood, injury, and so forth), what
comprises the pain matrix is not unequivocally defined,
and the literature is not always consistent regarding
what regions are to be included. In our opinion, for the
pain matrix to retain its utility, it needs to be viewed not
as a stand-alone entity but rather as a substrate that is
significantly and actively modulated by a variety of brain
regions, and it is this interaction that in large part deter-
mines the pain experience.

A recent meta-analysis of human data from positron
emission tomography (PET), functional magnetic reso-
nance imaging (fMRI), electroencephalography (EEG),
and magnetoencephalography (MEG) studies does pro-
vide clarity regarding the commonest regions found active
during an acute pain experience (Apkarian et al., 2005).
These areas include: primary and secondary somatosen-
sory, insular, anterior cingulate, and prefrontal cortices as
well as the thalamus (Figure 2). That is not to say these
areas are the fundamental core network of human noci-
ceptive processing (and if ablated would cure all pain),
although recent studies investigating pharmacologically
induced analgesia do show predominant effects in these
brain regions (Casey et al., 2000; Geha et al., 2007; Rogers
et al., 2004; Wagner et al., 2007; Wise et al., 2002, 2004).
Other regions such as basal ganglia, cerebellum, amyg-
dala, hippocampus, and areas within the parietal and tem-
poral cortices can also be active dependent upon the
particular set of circumstances for that individual (Fig-
ure 2). Perhaps we need to move toward an individualized
neural ‘‘pain signature’’ rather than forcing this complex,
subjective experience into the constraints of a rigid neuro-
anatomical pain matrix (Tracey, 2005b). This is especially
true when considering the neural representation of
chronic, ongoing, or spontaneous pain in patients, some-
thing that has been studied only recently and appears to
not be represented necessarily by the conventional pain
matrix concept (Baliki et al., 2006). And of course data
showing activity of the near entire pain matrix without a
nociceptive input during hypnosis and empathy manipula-
tions support the notion it is time to reconsider how we

Figure 2. Neuroanatomy of Pain Processing
Main brain regions that activate during a painful experience, high-
lighted as bilaterally active but with increased activation on the contra-
lateral hemisphere (orange).

Neuron

Review

Neuron 55, August 2, 2007 ª2007 Elsevier Inc. 379

• Típicas: 

• S1 y S2 

• Cingulada anterior 

• Insula 

• Además 

• Amigdala 

• Prefrontal 

• Hipocampo 

• Cerebelo 

• Pain Matrix

Tracey & Mantyh, 2007
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Sensibilización
• “Aumento de la respuesta de 

las neuronas nociceptivas a 
sus inputs normales y/o 
aparición de respuesta frente 
a estímulos normalmente 
subumbrales” (IASP) 

• Ocurre a todo nivel en las 
regiones/estructuras 
relacionadas con la 
nocicepción

• Es la responsable de 
fenómenos como alodinia e 
hiperalgesia
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Figure 24–8 Neurogenic in!ammation. Injury or tissue dam-
age releases bradykinin and prostaglandins, which activate or 
sensitize nociceptors. Activation of nociceptors leads to the 
release of substance P and CGRP (calcitonin gene–related pep-
tide). Substance P acts on mast cells in the vicinity of sensory 
endings to evoke degranulation and the release of histamine, 
which directly excites nociceptors. Substance P produces 

plasma extravasation, and CGRP produces dilation of peripheral 
blood vessels; the resultant edema causes additional liberation 
of bradykinin. These mechanisms also occur in healthy tissue, 
where they cause secondary or spreading hyperalgesia.
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I and V. Information transmitted along this tract is 
thought to contribute to the affective component of 
pain. This tract projects in the anterolateral quadrant 
of the spinal cord to the mesencephalic reticular for-
mation and periaqueductal gray matter (Figure 24–12). 

and terminates in both the reticular formation and the 
thalamus (Figure 24–12). The axons of spinoreticular 
tract neurons do not cross the midline.

The spinomesencephalic (or spinoparabrachial) tract 
contains the axons of projection neurons in laminae 
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Figure 24–10 Mechanisms for enhanced excitability of 
dorsal horn neurons.
A. Typical responses of a dorsal horn neuron in the rat to electri-
cal stimuli delivered transcutaneously at a frequency of 1 Hz. 
With repetitive stimulation the long-latency component evoked 
by a C !ber increases gradually, whereas the short-latency 
component evoked by an A !ber remains constant.
B. The dorsal horn neuron receives monosynaptic input from 
mechanoreceptors (A !bers) and polysynaptic input from 
nociceptors (C !bers). Elevation of Ca2+ in the presynaptic 
terminal leads to increased release of glutamate and sub-
stance P. Activation of the postsynaptic α-amino-3-hydroxy-5-
methylisoxazole-4-propionate (AMPA)-type glutamate receptors 
by A !bers causes a fast transient membrane depolarization, 

which relieves the Mg2+ block of the N-methyl-D-aspartate 
(NMDA)-type receptors. Activation of the postsynaptic NMDA-
type receptors and neurokinin-1 (NK1) antagonist receptors by 
C !bers generates a long-lasting cumulative depolarization. The 
cytosolic Ca2+ concentration in the dorsal horn neuron increases 
because of Ca2+ entry through the NMDA-type and AMPA-type 
channels and voltage-sensitive Ca2+ channels. The elevated Ca2+ 
and activation of NK1 receptors through second-messenger 
systems enhances the performance of the NMDA-type recep-
tors. Activation of NK1 receptors, cumulative depolarization, 
elevated cytosolic Ca2+, and other factors regulate the behavior 
of ion channels responsible for action potentials, resulting in 
enhanced excitability.



Sensibilización

534  Part V / Perception

Many neurons in the most super!cial lamina of 
the dorsal horn, termed lamina I or the marginal layer, 
respond to noxious stimuli conveyed by Aδ and C 
!bers. Because they respond selectively to noxious 
stimulation they have been called nociception-speci!c 
neurons. This set of neurons projects to higher brain 
centers, notably the thalamus. A second class of lamina 
I neurons receives input from C !bers that are activated 
selectively by intense cold. Other classes of lamina I 
neurons respond in a graded fashion to both innocu-
ous and noxious mechanical stimulation and thus are 
termed wide-dynamic-range neurons.

Lamina II, the substantia gelatinosa, is a densely 
packed layer that contains many different classes of local 
interneurons, some excitatory and others inhibitory. 
Some of these interneurons respond selectively to noci-
ceptive inputs, whereas others also respond to innocu-
ous stimuli. Laminae III and IV contain a mixture of 

after therapeutic transection of sensory afferent !bers 
in the dorsal roots.

Signals from Nociceptors Are Conveyed to 
Neurons in the Dorsal Horn of the Spinal Cord

The perception of noxious stimuli arises from signals in 
the peripheral axonal branches of nociceptive sensory 
neurons whose cell bodies are located in dorsal root 
ganglia or the trigeminal ganglia. The central branches 
of these neurons terminate in the spinal cord in a highly 
orderly manner. Most terminate in the dorsal horn. 
Primary afferent neurons that convey distinct sensory 
modalities terminate in different laminae (Figure 24–3B). 
Thus there is a tight link between the anatomical organi-
zation of dorsal horn neurons, their receptive properties, 
and their function in sensory processing.

C fiber
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To brain stem
and thalamus

To thalamus

B  Spinal cord inputs

Aδ fibers 

Aδ fiber 

Aβ fiber
(mechanoreceptor)

C fiber

Thermal Polymodal SilentMechanical

A  Nociceptor types

Figure 24–3 Nociceptive !bers terminate in the dorsal horn 
of the spinal cord.
A. Peripheral nociceptor classes.
B. Neurons in lamina I of the dorsal horn receive direct input 
from myelinated (Aδ) nociceptive !bers and both direct and 
indirect input from unmyelinated (C) nociceptive !bers via 
interneurons in lamina II. Lamina V neurons receive low- 
threshold input from large-diameter myelinated !bers (Aβ) of 

mechanoreceptors as well as inputs from nociceptive affer-
ent !bers (Aδ and C !bers). Lamina V neurons send dendrites 
to lamina IV, where they are contacted by the terminals of 
Aβ primary afferents. Dendrites in lamina III arising from cells 
in lamina V are contacted by the axon terminals of lamina II 
interneurons. Aα !bers innervate motor neurons and interneu-
rons in the ventral spinal cord (not shown). (Modi!ed, with 
permission, from Fields 1987.)
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Figure 17–9 Cortical representation of 
the hand changes following surgical 
correction of syndactyly of digits 2 to 5.  
(Reproduced, with permission, from 
Mogilner et al. 1993.)
A. A preoperative map shows that the 
cortical representation of the thumb, 
index, middle, and little !ngers is abnormal 
and lacks any somatotopic organization. 
For example, the distance between sites 
of representation of the thumb and little 
!nger is signi!cantly smaller than normal 
(see Figure 17–8D).
B. Twenty-six days after surgical separa-
tion of the digits, the organization of the 
inputs from the digits is somatotopic. The 
distance between the sites of represen-
tation of the thumb and little !nger has 
increased to 1.06 cm.
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Figure 17–10 Phantom limb sensations can be evoked by 
stimulating particular areas of skin. Patients who have had 
an arm amputated experience sensation of the missing hand 
when their faces and upper arms are touched. (Reproduced, 
with permission, from Ramachandran 1993.)
A. The face of a patient whose arm was amputated above 
the left elbow is marked to show where stimulation (brush-
ing the face with a cotton swab) elicits sensation referred to 
the phantom digits. Regions of the body that evoke referred 
 sensations are called reference !elds. Stimulation of the 
region labeled T always evokes sensations of the phantom 
thumb. Stimulation of facial areas marked I, P, and B evoke 
sensation of the phantom index !nger, pinkie, and ball of the 
thumb, respectively. This patient was tested 4 weeks after  
amputation.

B. Another patient experienced referred sensation in two 
distinct areas on the arm—one area close to the line of ampu-
tation and a second area 6 cm above the elbow crease—in 
addition to sites on the face. Each area of referred sensation 
is a precise spatial map of the lost digits; the maps are almost 
identical except for the absence of !ngertips in the upper map 
(P, palm). When the patient imagined pronating his phantom 
lower arm, the entire upper map shifted in the same direction 
by approximately 1.5 cm. Stimulating the skin region between 
these two maps did not elicit sensations of the phantom limb.
C. Portion of a sensory homunculus showing how the cortical 
area receiving inputs from the hand is "anked by the regions 
devoted to the face and the arm. Rearrangement of these 
cortical inputs is thought to be responsible for some types of 
phantom limb sensation.
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The cervicothalamic tract runs in the lateral white 
matter of the upper two cervical segments of the spinal 
cord and contains the axons of neurons of the lateral 
cervical nucleus, which receives input from neurons in 
laminae III and IV of the dorsal horn. Most axons in the 
cervicothalamic tract cross the midline and ascend in 
the medial lemniscus of the brain stem, terminating in 
midbrain nuclei and in the ventroposterior lateral and 
posteromedial nuclei of the thalamus. Other neurons 
in laminae III and IV send their axons directly into the 

Axons in this tract also project to the parabrachial 
nucleus. Neurons of the parabrachial nucleus project 
to the amygdala, a key nucleus of the limbic system 
that regulates emotional states. Many of the axons of 
this pathway course through the dorsal part of the 
lateral funiculus rather than in the anterolateral quad-
rant. In surgical procedures designed to relieve pain, 
such as anterolateral cordotomy, the sparing of these 
!bers may explain the persistence or recurrence of 
pain after surgery.

Normal Phantom limb

Normal Phantom limb

B  Regions of cortex active during lip pursing task

Spinal 
cord

Mouth Mouth

Arm
Hand

A  Cortical representation of ascending spinal input

Figure 24–11 Changes in neural activation 
in phantom limb pain.
A. The domain of cerebral cortex activated by 
ascending spinal sensory inputs is expanded 
in patients with phantom limb pain.
B. Functional magnetic resonance imaging 
(fMRI) of patients with phantom limb pain 
and healthy controls during a lip pursing task. 
In amputees with phantom limb pain, cortical 
representation of the mouth has extended 
into the regions of the hand and arm. In 
amputees without pain, the areas of primary 
somatosensory and motor cortices that 
are activated are similar to those in healthy 
controls (image not shown). (Modi!ed, 
with permission, from Flor, Nokolajsen, and 
Jensen 2006.)
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de analgesia
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Figure 24–17 Local interneurons in the spinal cord integrate 
descending and afferent nociceptive pathways.
A. Nociceptive afferent !bers, local interneurons, and descend-
ing !bers interconnect in the dorsal horn of the spinal cord (see 
also Figure 24–3B). Nociceptive !bers terminate on second-
order spinothalamic projection neurons. Local enkephalin- 
containing interneurons exert both pre- and postsynaptic  
inhibitory actions at these synapses. Serotonergic and 
noradrenergic neurons in the brain stem activate the local 
interneurons and also suppress the activity of the spinotha-
lamic projection neurons.

B. Regulation of nociceptive signals at dorsal horn synapses. 
1. Activation of a nociceptor leads to the release of glutamate 
and neuropeptides from the primary sensory neuron, pro-
ducing an excitatory postsynaptic potential in the projection 
neuron. 2. Opiates decrease the duration of the postsynaptic 
potential, probably by reducing Ca2+ in"ux and thus decreasing 
the release of transmitter from the primary sensory terminals. 
In addition, opiates hyperpolarize the dorsal horn neurons by 
activating a K+ conductance and thus decrease the amplitude of 
the postsynaptic potential in the dorsal horn neuron.

Opioides

NorAdren
Serotonina



Analgesia

Chapter 24 / Pain  551

Norepinephrine
Serotonin

Nociceptor
sensory
neuron

Projection
neuron

Morphine

Morphine

Control

No sensory input

Sensory input

Neuropeptides

Ca2+

Glutamate

1  Sensory input alone 2  Sensory input + opiates/opioids

Control

Ca2+

EnkephalinEnkephalin

No sensory input + opiates

Sensory input + opiates

Enkephalin

Enkephalin

Control

B  Effects of opiates and opioids on nociceptor signal transmission

Nociceptor

A  Nociceptor circuitry in the dorsal horn 

Opiate

Control

Projection
neuron

Enkephalin
interneuron

To higher 
centers

+ –
–

+

Figure 24–17 Local interneurons in the spinal cord integrate 
descending and afferent nociceptive pathways.
A. Nociceptive afferent !bers, local interneurons, and descend-
ing !bers interconnect in the dorsal horn of the spinal cord (see 
also Figure 24–3B). Nociceptive !bers terminate on second-
order spinothalamic projection neurons. Local enkephalin- 
containing interneurons exert both pre- and postsynaptic  
inhibitory actions at these synapses. Serotonergic and 
noradrenergic neurons in the brain stem activate the local 
interneurons and also suppress the activity of the spinotha-
lamic projection neurons.

B. Regulation of nociceptive signals at dorsal horn synapses. 
1. Activation of a nociceptor leads to the release of glutamate 
and neuropeptides from the primary sensory neuron, pro-
ducing an excitatory postsynaptic potential in the projection 
neuron. 2. Opiates decrease the duration of the postsynaptic 
potential, probably by reducing Ca2+ in"ux and thus decreasing 
the release of transmitter from the primary sensory terminals. 
In addition, opiates hyperpolarize the dorsal horn neurons by 
activating a K+ conductance and thus decrease the amplitude of 
the postsynaptic potential in the dorsal horn neuron.



Analgesia
• El organismo tiene mecanismos endógenos de control 

del dolor 

• Los núcleos principales están en el tronco encefálico: 

• Sustancia gris periacueductal 

• Nucleo del rafe magno 

• Formación reticular 

• Están mediados por NT de la familia de los opioides
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Placebo
• Placebo: del latín “Te complaceré”. Un tratamiento 

inerte sin propiedades terapéuticas. 

• Efecto Placebo: la respuesta a un tratamiento 
inerte (no solo causado por una sustancia/
tratamiento). 

• Efecto Nocebo: efectos adversos en respuesta a 
un tratamiento inerte.



Placebo

Cues
Stimuli that signify the 
occurrence, or evoke a 
representation, of another 
stimulus or internal experience.

Emotions
Coordinated responses to 
biologically relevant events 
(such as threats and 
opportunities) that involve 
changes in multiple systems, 
including peripheral 
physiology.

Nocebo effects
Deleterious outcomes (for 
example, an increase in pain or 
an increase in negative side 
effects) owing to beliefs about 
the treatment context.

Placebo responders
Individuals who show an 
improvement in symptoms 
after receiving inert treatments 
(that is, placebos).

Placebo analgesia
A reduction in pain that can be 
attributed to the treatment 
context.

treatment context (for example, the right type of psycho-
logical or social support), and screening to remove placebo 
responders in clinical trials may eliminate those who most 
benefit from active drug treatment.

For neuroscientists, placebo studies provide a way 
to investigate how the brain systems that process con-
textual information influence physiology and clinically 
relevant outcomes. Humans are endowed with uniquely 
powerful systems for representing context20, which help 
to tailor our responses to the needs of a given situation21. 
Clinical contexts in particular integrate diverse psycho-
logical elements (FIG. 1), including learned associations 
between cues (for example, a doctor’s white coat) and 
past positive and negative experiences, conceptual 
knowledge based on verbal suggestions that induce 
expectations about treatment outcomes, and social inter-
actions (for example, the patient–care provider relation-
ship). Placebo effects on health-related outcomes such as 
pain and affective physiology, which we focus on in this 
Review, share many similarities with context effects on 
visual perception22–24, memory25, decision making26–28, 
athletic29 and cognitive30 performance, and other pro-
cesses. Together, these studies provide a foundation for 
an integrated science of context processing, and stud-
ies of placebo may shed light on mechanisms of context 
effects that do not involve placebo manipulations20,31.

Here, we present a brain systems-oriented view of the 
mechanisms underlying placebo effects. The neuro science 
of placebo effects is a new and rapidly evolving field that 
integrates diverse areas of human and animal neuro-
science, and complements studies of placebo effects on 
peripheral physiology5, clinical pharma cology2 and other 
outcomes20,31. We first briefly discuss the behavioural, 
clinical and physiological outcomes that are affected 
by placebo treatments. Then, we review neuroimaging 
evidence relating to the systems-level neurobiology that 
underlies placebo effects; we focus primarily on pain, 
which has been most extensively studied. Next, we relate 
the resulting consensus view on the neural architecture of 

placebo effects in pain to brain placebo effects in depres-
sion, emotion and Parkinson disease (PD). Finally, we 
present a framework for mapping the psychological pro-
cesses underlying placebo effects onto brain systems and 
highlight several areas for further research.

Clinical and laboratory placebo effects
Placebos have been used throughout the history of medi-
cine to soothe the emotions of troubled patients and are 
still used for this purpose today32. It is widely believed 
that placebos can make people ‘feel better’, but is that 
the extent of their clinical importance? What kinds of 
health-related outcomes can placebo treatments affect? 
For some, the presence of a placebo effect suggests that 
symptoms were not caused by ‘real’ or ‘organic’ disease. 
For example, patients who report pain relief after placebo 
treatment might be judged to be malingerers33. However, 
this inference is only valid if placebo treatments have no 
actual effects on pain pathophysiology or experience.

As we explain below, clinical studies have demon-
strated meaningful placebo effects in multiple disorders, 
and laboratory studies have provided evidence for pla-
cebo effects on health-relevant behavioural, autonomic, 
endocrine and immune measures (Supplementary 
information S1 (table); see also REFS 5,34). These studies 
suggest that it is implausible — and perhaps unethical 
— to dismiss placebo responses as irrelevant to health 
and pathology.

Placebo effects in clinical studies. Most clinical trials are 
not suitable for estimating placebo effects because they 
lack natural history controls. However, a small subset 
of clinical studies with appropriate controls (FIG. 2) have 
demonstrated causal effects of placebo treatment on 
measures that are typically used as primary disease end 
points35,36 in multiple forms of chronic pain37–40, depres-
sion10,41–43, PD44,45,161 and asthma5,46,47 (but see REF. 48). 
Placebo effects can be as large as the effects of accepted 
drug treatments40,49 or larger42,43, and can reduce disabil-
ity and increase quality of life over a period of months 
or longer38,43. In some cases, particularly in cardio-
vascular disease6,50,51, adherence to placebo medication 
is associated with reduced mortality.

Placebo-related factors are also an important com-
ponent of standard clinical treatments that are adminis-
tered in hospitals and clinics, which are typically provided 
‘open-label,’ with full information about drug delivery and 
its expected benefits. In many cases, hidden drug admin-
istration, which eliminates patients’ treatment expecta-
tions, markedly reduces the effects of drugs8,17,40,52,53 and 
other treatments. These clinical results demonstrate the 
important functional improvements that are caused by the 
brain’s interpretation of the treatment context.

Autonomic responses. The autonomic and neuro-
endocrine systems are governed by the brain, includ-
ing ‘higher’ brain regions such as the prefrontal cortex 
(PFC)54,55, and can be influenced by threatening psycho-
logical contexts56 and verbal instructions57,58. Several stud-
ies have found that placebo analgesia is associated with 
changes in autonomic activity59–61, and other studies have 

Figure 1 | Elements of treatment context. Whether treatment consists of an active 
drug or a placebo, the clinical setting that surrounds treatment includes multiple types of 
context information that are perceived and interpreted by the patient’s brain. The 
external context includes treatment, place and social cues, along with verbal 
suggestions. The internal context consists of memories, emotions, expectancies and 
appraisals of the meaning of the context for future survival and well-being. These 
features combine to make up the treatment context and are the ‘active ingredients’ of 
placebo effects.
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• No es sólo la respuesta a un fármaco/tratamiento 

• Es consecuencia del contexto 

• Aprendizaje, memoria y cognición social
Wager & Atlas, 2015
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Schema
A conceptual, ‘situational’ 
pattern — inferred from a 
combination of sensory cues, 
internal motivation, 
interoceptive information and 
thoughts — that can activate 
scripts that guide behaviour 
based on the nature of the 
situation rather than any 
single cue.

frontiers and areas of new opportunity. The first fron-
tier concerns differences across types of outcomes. We 
ask whether placebo effects on different outcomes really 
share common mechanisms, and what functional roles 
the regions consistently activated by placebos, such as 
the PFC, might have. The second frontier concerns the 
requisite antecedents for placebo effects. We explore the 
hypothesis that both conceptual and learning processes 
are required for many kinds of placebo effects and discuss 
how these may relate to brain systems. Finally, although 
in many cases placebo effects require learning — driven 
by experienced benefit after receiving the placebo — in 
some cases placebo effects persist despite contrary expe-
riences. We ask what the mechanisms underlying such 
‘self-reinforcing’ placebo effects might be.

Mapping psychological mechanisms onto brain systems. 
The principal building blocks of laboratory placebo para-
digms include three elements: presentation of sensory 
cues associated with positive outcomes (for example, pain 

relief) or negative outcomes (for example, shock) through 
classical conditioning; verbal suggestions designed to 
induce expectations of therapeutic improvement or symp-
tom exacerbation; and the delivery of placebo manipula-
tions in a context that includes both rich associative cues 
(for example, a hospital setting) and information about 
the interpersonal relationship (for example, knowledge 
that treatment is provided by an expert caregiver). These 
‘treatments’ can elicit a range of therapeutically relevant 
internal brain processes (FIG. 4a). One useful distinction is 
between processes that are pre-cognitive — that is, inde-
pendent of what a person expects or believes — or con-
ceptual — that is, dependent on thoughts, expectations 
and memories. Conditioned cues can elicit pre-cognitive 
associations, which are simple forms of memory that are 
supported by neuroplastic changes in specific circuits 
throughout the brain and the spinal cord. These associa-
tions can trigger multiple types of responses, depending 
on the nature of the circuit and its location in the brain, 
including autonomic and neuroendocrine responses, 
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Figure 4 | Concepts, associations and the representation of context. a | Patient outcomes, and hence placebo effects, 
are measured as a function of pathophysiology (signs), reported experiences (symptoms) and behaviour. These outcomes 
are influenced in various ways by the two primary components of the treatment context: conceptual processes and 
pre-cognitive associations. Conceptual processes can influence expectations, appraisals and memories, which can 
directly influence emotional states, reported decisions and behaviour. Pre-cognitive associations influence physiological 
processes outside conscious control, which can in turn influence emotion, motivation and affective states as well as 
outcome measures. Thus, some types of placebo effects may be mediated by affective and motivational states, whereas 
others may be independent of such states, depending on the nature of the context and the outcome. b | Conceptual 
processes have been difficult to define and measure precisely in the brain, because they depend on the integration of 
information associated with multiple systems into an overall schema, or conceptualization of the situation and its 
implications for well-being, which guides the meaning or significance of events. The ingredients of such ‘meaning 
responses’, which are thought to be critical for placebo effects212, include inferences about social information 
(dorsomedial prefrontal cortex (dmPFC)), interoceptive assessments of one’s body state (insula), expectancies (lateral 
orbitofrontal cortex (lOFC)) and autobiographical memories and place context information (hippocampus (Hipp)). The 
ventromedial PFC (vmPFC) is positioned to integrate these elements into a coherent schema that informs and is informed 
by responses at other processing levels170, including brainstem and subcortical centres that regulate sensory, autonomic 
and neuroendocrine responses. AMY, amygdala; HYP, hypothalamus; NAc, nucleus accumbens; PAG, periaqueductal grey; 
RVM, rostroventral medulla.
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Placebo en dolor
• El dolor es una percepción 

multidimensional 

• Las regiones asociadas a 
dolor también se han 
asociado a otras funciones 
cognitivas 

• Las regiones asociadas a 
control del dolor, están bajo 
influencia de regiones 
asociadas a muchos 
procesos.

Analgesia
Pain relief, which can be 
caused by many factors, 
including medical treatments 
(for example, opioid analgesia), 
features of the treatment 
context (placebo analgesia) 
and affective states (for 
example, stress-induced 
analgesia).

Nociceptive
Receiving input from stimuli 
that can cause damage to 
tissues.

of placebo effects. Over the past 12 years, nearly 40 PET 
and fMRI studies of placebo effects on pain have pro-
vided an emerging picture of the brain systems that are 
involved in placebo analgesia and hyperalgesia (FIG. 3; see 
Supplementary information S2 (box)). These are accom-
panied by a small but growing literature on the effects 
of placebo on emotion80–84, PD44,45,85 and depression86,87, 
which provides converging evidence on the functions of 
the brain systems affected by placebo.

There are three major aims of these studies. One aim 
is to provide direct measures of the brain processes that 
give rise to pain and other clinical symptoms, providing 
objective targets for studies of placebo effects and other 
interventions. The second aim is to identify the func-
tional systems that are engaged by placebo treatments 
and thus provide information on the mechanisms by 
which context can influence health and well-being. The 
third aim is to identify the factors that differentiate pla-
cebo responders from non-responders — or, equivalently, 
identify brain features that predict the magnitude of an 
individual’s placebo response.

Placebos reduce pain-related brain responses. Among 
the processes that show substantial placebo effects, pain 
is particularly amenable to study, because of its broad 
clinical relevance, experimental tractability and well-
studied neural circuits and mechanisms. Established 
‘pain-processing’ systems, which receive direct or indi-
rect input from spinal nociceptive pathways (BOX 1) and 
encode the intensity of painful stimulation88, provide 
pain-related targets for tests of placebo interventions. 
These targets include the medial thalamus, the primary 
somatosensory cortex (S1) and the secondary soma-
tosensory cortex (S2), as well as the dorsal posterior 
insula (dpINS), the mid- and anterior insula (aINS) and 
the dorsal anterior cingulate cortex (dACC) (FIG. 3).

Placebo treatments can reduce pain-related activity 
in all of these regions, with the most consistent effects 
occurring in the dACC53,61,89–95, the thalamus90,94,96 and 
the aINS53,61,90,97,98 (FIG. 3). In many of these studies, large 
placebo analgesic responses were correlated with large 
decreases in brain responses to noxious stimulation in 
specific regions (the dACC53,90,94, the thalamus53,61,99–101 and 

Figure 3 | The neurophysiology of placebo analgesia. a | An overview 
of the brain regions involved in the placebo effects on pain and their 
potential functions in this context. The areas shown in blue respond to 
painful stimuli and, on that basis, are expected to show reduced 
responses to pain after placebo treatment. These areas include the 
medial thalamus (mThal), anterior insula (aINS), dorsal anterior cingulate 
cortex (dACC), periaqueductal grey (PAG) and secondary somatosensory 
cortex–dorsal posterior insula (S2–dpINS). Areas shown in red are 
associated with increases in response to placebo treatment (either 
before or during painful stimulation), and activity in these regions is 
thought to be involved with the maintenance of context information and 
the generation of placebo-related expectations and appraisals. They 
include the ventromedial prefrontal cortex (vmPFC), dorsolateral PFC 
(dlPFC), lateral orbitofrontal cortex (lOFC), nucleus accumbens–ventral 
striatum (NAc–VS), PAG and rostroventral medulla (RVM). Some regions, 
including the PAG and dACC, show different effects depending on the 
study and timing relative to painful stimulation. b | Results from 
neuroimaging studies of placebo-induced analgesia. Each point 

represents a finding from an individual study, reported in standard 
Montreal Neurological Institute space (all studies are listed in 
5WRRNGOGPVCT[�KPHQTOCVKQP|5� (box)). Red points show increases in 
activity under placebo versus control treatment (that is, the same cream 
without the belief that it is a painkiller), and blue points identify 
decreases in activity under placebo. These comparisons involved 
randomized assignment to placebo or control conditions, and so they 
can test the causal effects of placebo treatment on brain activity. Some 
studies also examined correlations between the magnitude of placebo 
analgesia and the magnitude of placebo-induced changes in brain 
responses. Orange points identify positive correlations between the 
magnitude of an individual’s activity increases under placebo versus 
control treatment and the magnitude of placebo analgesia. Light blue 
points identify negative correlations. These correlations do not 
necessarily reflect causal effects of placebo on brain activity but can 
provide important information on the nature of the individual differences 
that predispose a person towards showing a larger versus a smaller 
placebo response.
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Placebo y dolor

• Las vías ascendentes conectan directamente e indirectamente 
con regiones que controlan el sistema inhibitorio descendente 

• Estas regiones subyacen multiples fenómenos cognitivos

the insula53,90,100,102). Several quantitative meta-analyses on 
a subset of the studies that are depicted in FIG. 3 indicate 
that these findings are reliable across paradigms and labo-
ratories103–105. EEG and MEG studies have also shown that 
placebo treatments cause reductions in the amplitude of 
event-related potentials in response to painful laser stim-
uli60,77,107–110, indicating that such treatments have an effect 
on rapid (~150–300 ms) sensory and cognitive responses 
to painful events.

These placebo effects on pain-related responses are 
promising. However, pain is a complex sensory experi-
ence that also involves affect and decision making, and 
it remains unclear which aspects of the pain construc-
tion and evaluation process are affected by which types 

of placebo treatments. Many of the regions that normally 
generate pain and show the strongest placebo effects are 
involved in a range of other cognitive and affective pro-
cesses that are distinct from pain, including basic per-
ceptual and decision-making tasks111–114 and emotional 
responses that are independent of pain115. The regions 
most directly linked to nociceptive processing116 and 
most specific to pain112 are the dpINS and S2. Although 
placebo treatments have been shown to affect these 
regions61,101, such effects are not consistently identified 
in meta-analyses103, pointing to variability across studies 
and individuals. Some placebo paradigms — for exam-
ple, those that involve extended conditioning or particu-
larly powerful manipulations of belief — may have more 

Box 1 | Converging circuitry and common mechanisms for analgesia and affective states

Interactions among the prefrontal cortex (PFC), the forebrain and the periaqueductal grey (PAG)–rostroventral medulla 
(RVM)–spinal cord axis underlie multiple forms of analgesia, including placebo effects. These circuits are also integral to 
generating affective and motivational states. Likewise, the neurochemical systems implicated in placebo analgesia2 — 
including opioid (OP), dopamine (DA), serotonin, cholecystokinin (CCK) and oxytocin systems — have diverse roles in 
motivated behaviour beyond pain. Seen in this light, placebo-based modulation of pain is one example of a broader pattern 
of regulation of affect, perception and behaviour by cognitive and motivational context.

The context-based modulation of pain and motivation is supported by convergence between ‘bottom-up’ sensory 
processes and ‘top-down’ context at multiple levels of the neuraxis. Nociceptive afferents from the spinal cord project to 
brainstem regions (including the PAG and RVM), thalamic nuclei and forebrain regions (including the hypothalamus (HYP), 
amygdala (AMY) and ventromedial PFC (vmPFC))194,195 (see the figure, part a). These regions also receive monosynaptic 
inputs from the vmPFC55,196. Thus, brainstem and forebrain centres integrate input from the ‘lowest’ and ‘highest’ levels of 
the neuraxis, providing multiple convergence zones for sensory input and contextual information.

The PAG–RVM–spinal cord axis is important for many forms of pro- and anti-nociception in non-human animals, 
paralleling involvement in human placebo and nocebo effects, including forms of ‘stress’ analgesia present even in 
decerebrate animals197. This axis is, in turn, governed by evolutionarily newer forebrain neural and neurochemical 
systems, which interact with the PAG–RVM pathway to mediate diverse types of pain-modulatory effects (see the figure, 
part b). For example, in intact animals, both footshock-induced analgesia and morphine analgesia require OP–DA 
interactions in the ventral tegmental area (VTA) and nucleus accumbens (NAc)198,199, which influence ‘pain off’ spinal 
projection neurons in the RVM. Threat- or fear-conditioned analgesia relies on the release of OPs146,200 and cannabinoids 
(CBs)201 in the AMY and PAG, respectively, which also activates RVM ‘pain off’ neurons. Analgesia related to noxious 
stimulation202 and massage-like touch203 depends on oxytocin (labelled ‘Oxy’) release from hypothalamic projections to 
the PAG and subsequent OP release204. The PAG–RVM circuit also mediates some kinds of pro-nociceptive actions. CCK 
antagonizes OPs in this system205 and may underlie nocebo hyperalgesia62, OP hyperalgesia215 and safety signal-mediated 
hyperalgesia206. Other motivational states related to hypothalamic and forebrain circuits — including food pursuit207, 
micturition, and social conflict and defeat208,209 — can also influence nociception, providing additional clues that pain 
control circuits evolved as part of an integrated system governing adaptive behaviour. lOFC, lateral orbitofrontal cortex; 
PBN, parabrachial nucleus.
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Placebo y dolor

• A nivel molecular los opioides 
juegan un papel en la 
analgesia  

• La colecistoquinina (CKK) es 
pro nociceptiva 

• Los endocanabinoides 
inhiben la síntesis de 
prostaglandinas

Figure 1. Principal Neurobiological Mechanisms of the Placebo Response that Have Been Identified across a Variety of Conditions
(A) The antinociceptive opioid system is activated in placebo analgesia in some circumstances, and the m opiod receptors play a crucial role. The pronociceptive
cholecystokinin (CCK) system antagonizes the opioid system, thus blocking placebo analgesia.
(B) The pronociceptive CCK system is activated by anticipatory anxiety in nocebo hyperalgesia, with some evidence that the CCK-2 receptors are more
important.
(C) Different lipidic mediators have been identified in placebo analgesia and nocebo hyperalgesia.Whereas placebos activate theCB1 cannabinoid receptors and
inhibit prostaglandins (PG) synthesis in some circumstances, nocebos increase PG synthesis. In addition, different genetic variants of FAAH affect themagnitude
of placebo analgesia.

(legend continued on next page)

624 Neuron 84, November 5, 2014 ª2014 Elsevier Inc.

Neuron

Perspective

Benedetti, 2014



Placebo y dolor

• Una parte sustancial del beneficio terapéutico que 
experiencia el paciente cuando se somete a 
tratamiento médico es consecuencia de la 
respuesta del cerebro al contexto.



–Hipócrates

“Prefiero conocer a la persona que tiene la 
enfermedad que la enfermedad que tiene la 

persona.” 


