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Resumo

Estimulação cortical e a dor neuropática. O presente trabalho é uma revisão de dados isiológicos e 
comportamentais sobre a estimulação elétrica do córtex motor (ECM) e seu papel durante a dor neuropática 
persistente. A ECM tem sido amplamente utilizada na clínica médica como ferramenta para controle da dor que 

não respondem satisfatoriamente a nenhum tipo de analgesia convencional. Alguns importantes mecanismos 

envolvidos na modulação nociceptiva não foram, até o momento, esclarecidos. O objetivo deste estudo foi 

descrever os mecanismos envolvidos durante a dor neuropática e apresentar a eiciência da estimulação elétrica 
do córtex motor utilizada no tratamento desta doença. As vias ascendentes da dor são ativadas por receptores 
periféricos, onde há a transdução do estímulo químico, físico ou mecânico, em impulso nervoso, transmitindo este 

até a coluna posterior da medula espinal, onde ocorre conexão com neurônios de segunda ordem e ascendem à 
diferentes locais do sistema nervoso central, onde o estímulo periférico é percebido como dor. Por ser comprovada 

grande modulação deste sentido no córtex motor, vem sendo estudado o efeito da ECM para mimetizar os efeitos 
na pratica clinica e aperfeiçoar os tratamentos empregados durante a dor crônica. A ECM ganhou uma atenção 
especial nos últimos anos devido a sua ação em reverter quadros de dor neuropática de origem crônica, esta 
sendo mais eiciente do que a estimulação elétrica em diferentes locais e núcleos relacionados a dor.
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Abstract

This paper is a review of physiological and behavioral data on motor cortex stimulation (MCS) and its role 
in persistent neuropathic pain. MCS has been widely used in clinical medicine as a tool for the management of 

pain that does not respond satisfactorily to any kind of conventional analgesia. Some important mechanisms 

involved in nociceptive modulation still remains unclear. The aim of this study was to describe the mechanisms 

involved in neuropathic pain and introduce the effectiveness of electrical stimulation of the motor cortex used 
in the treatment of this disease. The ascending pain pathways are activated by peripheral receptors, in which 
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there is the transduction of a chemical, physical or mechanical stimulus as a nerve impulse, where this impulse 

is transmitted to the dorsal horn of the spinal cord, which connects with second-order neurons and ascends to 

different locations in the central nervous system where the stimulus is perceived as pain. Because MCS has been 

proved to modulate this pathway in the motor cortex, it has been studied to mimic its effects in clinical practice 
and improve the treatments used for chronic pain. MCS has gained much attention in recent years due to its 

action in reversing chronic neuropathic pain, this being more effective than electrical stimulation at different 

locations and related pain nuclei.
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Introduction

In clinical practice, it has been extensively 
reported that neuropathic pain is difficult to treat, 

due to inadequate understanding of the cellular and 

molecular mechanisms involved in the development and 

maintenance of this type of pain (D’ANGELO et al., 
2013; GASKELL et al., 2014; SAPIENZA et al., 2014) 
and also because it is a multidimensional experience 
that functionally integrates limbic and cortical system 

structures, to start the perception of pain and responses 

to these injuries (SENAPATI et al., 2005b; PAGANO 
et al., 2011; BLOM et al., 2014).

Among patients who have some kind of pain, it is 

estimated that about 27% suffer from neuropathic pain, 

where it is not only the most intense kind of pain but 

also one that corresponds to less conventional treatments 

(TORRANCE et al., 2006). In a study of 16 patients with 
neuropathic pain, 7 had no pain relief after application of 

intravenous morphine, 7 showed little relief, and only 2 

patients had complete relief of pain (McQUAY, 2002).

Therapeutic options for the control of neuropathic 

pain have increased in the last years (JEON et al., 
2013; MOINI ZANJANI et al., 2014). However, the 
response of patients with neuropathic pain to many of 

the treatments is not satisfactory. The treatments used 

in clinical practice include tricyclic antidepressants, 

anticonvulsants, systemic administration of local 

anesthetics, topical agents, narcotics and non-narcotic 

analgesics and surgical lesions (SRINIVASAN et al., 
2012; THANGAMANI et al., 2013; JAGLA et al., 2014).

Based on the concept that the pain from medical 

procedures can be altered by cortical modulation, 

TSUBOKAWA (1990) postulated that electrical motor 
cortex stimulation (MCS) in humans, for the treatment 

of central neuropathic pain, would be more effective than 

sensory cortex and thalamic stimulation, commonly used 
for the treatment of thalamic pain. Since then, cortical 

stimulation gained attention because of its good results 

in the treatment of various pain syndromes, including 

the ones of neuropathic origin (FONOFF et al., 2009; 
ALM; DREIMANIS, 2013; MAARRAWI et al., 2013).

Some hypotheses have been proposed regarding 

the mechanisms involved in the antinociception induced 

by the use of MCS, suggesting that there is substantial 

inhibition of most neuronal activity, especially neurons 

of the dorsal horn of the spinal cord (DHSC) (SENAPATI 
et al., 2005a; PAGANO et al., 2011; FRANÇA et al., 
2013; PORTILLA et al., 2013).

The aim of this study was to describe the 

mechanisms involved in neuropathic pain, especially 

persistent peripheral neuropathic pain, and to present 

the implications and eficacy of electric motor cortex 
stimulation used in clinical and experimental practice 
for treating this disease. Thus, a better understanding of 

the analgesic effect of MCS may contribute to improving 

clinical treatments used for chronic neuropathic pain.

Transmission of noxious impulse

The sensation of pain, by its inherent nature, 

contributes to one of the vital functions of the nervous 

system, which is to provide information on the 

occurrence or risk of injury. Pain is a subjective result 

of nociception, and it is postulated that nociception 

refers to the neurophysiological manifestation generated 

by noxious stimuli, while pain involves the perception 
of an aversive stimulus, which requires the capacity 

for abstraction and elaboration of sensory impulses 

(MILLAN, 1999).
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The spread of pain is initiated by the generation 

of action potentials in primary afferent ibers of small 
diameter, namely nonmyelinated Aδ and C fibers, 
which have speciic pain receptors, called nociceptors. 
Nociceptors respond to three major classes of stimuli, 
mechanical, thermal or chemical, and are normally 

activated by stimuli affecting intensity (ALMEIDA et 
al., 2004). 

The primary afferent neurons, once activated, make 

direct or indirect connections with intrinsic neurons in 

the DHSC. Direct connections occur when the primary 
neuron makes connections directly with projection 

neurons, which carry nociceptive information to higher 

brain centers. The indirect connections occur when 

the primary afferent neurons make connections with 

excitatory interneurons, which carry impulses to sensory 
projection neurons, or inhibitory interneurons, regulating 

(in the spinal cord) the low of nociceptive information 
to higher areas of the central nervous system (CNS) 
(RIEDEL; NEECK, 2001).

Projection neurons carry nociceptive information 

by different ascending pathways to the brainstem 

structures and diencephalon (MILLAN, 1999). Among 
the main supraspinal projections, the spinothalamic 

tract is the most prominent ascending nociceptive 

pathway in the spinal cord and projects into the 

ventral posterior lateral (VPL) and ventral posterior 
medial (VPM) nucleus involved with discriminative 
components of pain sensitivity and nonspeciic thalamic 
nucleus (centromedial, centrolateral, laterocentral and 
intralaminar), related to the affective component of pain 
(KIM et al., 2013; GHANBARI et al., 2014).

In the thalamus, there is the reception, integration 

and transfer of nociceptive potential to the cerebral cortex, 
where the information is organized somatotopically 

(YEN; LU, 2013). On the basis of functional criteria, the 
main cortical regions involved in pain response are the 

motor cortex, primary (S-I) and secondary (S-II) sensory 
cortex (SCHNITZLER; PLONER, 2000; GUSTIN et 
al., 2012). However, it has been observed that patients 
with speciic brain lesions, particularly in the SI cortex, 
are still able to feel pain (BROOKS; TRACEY, 2005), 
and an intense activity has been seen in the SI cortex 
of patients with chronic neuropathic pain compared to 

patients with chronic non-neuropathic pain (GUSTIN 
et al., 2012).

Pain suppressor system

Pain may be controlled by central mechanisms, since 

the nervous system has modulatory circuitry governing 

the perception of pain. This modulation is initiated in the 

spinal cord where interconnections between nociceptive 

and non-nociceptive afferent pathways can control the 

transmission of nociceptive information to supraspinal 

centers (FIELDS; BASBAUM, 1999).

The existence of a descending pain modulatory 
system was irst postulated (HEAD; HOLMES, 1911), 
where this hypothesis was extended with the preparation 
of the gate control theory.

Thus, it was seen that pre-synaptic inhibition of 

nociceptive pathways in the spinal cord arise from the 

potential collision between the primary afferents and 

antidromic negative potential, generated by inhibitory 

interneurons present in the gelatinous substance 

(laminae II and III) of the DHSC. The activation of 
these interneurons generates negative potentials in the 

sensory roots, hindering the nociceptive potential from 

reaching the DHSC. This deinition of the gate control 
theory remains as the current concept of the inhibitory 

localized pain mechanism that occurs in the DHSC 
(SHRIVASTAV; MUSLEY, 2009; LU et al., 2013; ARLE 
et al., 2014).

Subsequently, it was shown that brain structures 

also exert inhibitory activity on cells of the DHSC, since 
electrical stimulation of the midbrain periaqueductal 

gray (PAG) in rats produces analgesia (REYNOLDS, 
1969) and considering the existence of opioid receptors 
in the amygdala, hypothalamus, thalamus and midbrain 

PAG (CONDÉS-LARA et al., 2009; MAARRAWI et 
al., 2013). Still, the PAG has many neurons containing 
enkephalin, substance P (SP) and gamma-aminobutyric 
acid (GABA), and some of these neurons project to 
the rostral ventromedial medulla (RVM) (SCHAIBLE, 
2004; BAGLEY, 2014).

Among the nuclei of the RVM implicated in the 
mechanism of pain suppression, those that stand out 

are the nucleus raphe magnus, rich in serotonergic 
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neurons, and the neurons of the reticular formation, 

which receive projections arising from the PAG, of the 
posterior hypothalamus and of the locus coeruleus, rich 

in noradrenergic neurons (BASBAUM; FIELDS, 1984). 
RVM neurons project from the dorsolateral spinal cord, 
ending in the spinal cord, which inhibit nociceptive 

transmission (BASBAUM; FIELDS, 1984).

The DHSC is where the efferent axons of serotonergic 
and/or noradrenergic neurons contact the projection 

neurons and inhibitory enkephalinergic interneurons 

(SUZUKI et al., 2004; HUGHES et al., 2013) and where 
the activation of GABAergic interneurons inhibits the 
release of excitatory nociceptive neurotransmitters such 
as glutamate, substance P and calcitonin gene-related 

peptide (MALCANGIO; BOWERY, 1996; KIMURA et 
al., 2012; OHNAMI et al., 2012).

Still, it was reviewed that the cerebral cortex is 
capable of activating the descending inhibitory pain 

system (OHARA et al., 2005). On the other hand, 
various studies in humans and animals have shown that 

inhibition or lesion of the cortical area produces analgesia 

(BURKEY et al., 1999). There is evidence that the cortical 
regions of the corticospinal tract originating from the 

motor cortex and cortices S-I and S-II exert an inhibitory 
effect on neurons of the DHSC (SENAPATI et al., 2005a). 
Despite the observations suggesting that the relationship 

between cortical activity and nociceptive threshold, the 

participation of the cerebral cortex and its projections to 
structures involved in antinociception is unclear.

The descending control of spinal nociception is the 

major determinant of acute pain in different behavioral 

and emotional states (BANDLER; SHIPLEY, 1994). 
However, it is quite evident that the state of chronic 
neuropathic pain also depends on the descending 

inhibitory control that originates in the brain (URBAN; 
GEBHART, 1999), but its control is currently a 
signiicant challenge to medicine.

Neuropathic pain

The International Association for the Study of Pain 

(IASP) deines neuropathic pain as pain initiated or 
caused by a primary lesion or dysfunction in the nervous 

system and can be classiied as central or peripheral, 

where central pain is from injuries or illnesses that affect 

the brain or spinal cord, and where peripheral pain is 

from peripheral nerve changes, causing localized or 

generalized pain (BARON, 2006).

Such changes include the presence of ectopic 

foci in damaged peripheral nerve ibers, which 
maintain the afferent impulses to the CNS. The 

entry of ectopic impulses or high-intensity and 

high-frequency impulses promote the release of 

excitatory neurotransmitters in the spinal cord, such 
as substance P and glutamate, sensitizing DHSC 
neurons (KUMAR et al., 2013; CHEN et al., 2014; 
WENG et al., 2014). 

Neuropathic pain produces a number of changes 
in the somatosensory pathway, consisting of changes 

in depolarization and neurotransmitter release and 

reorganization of synapses. Such changes involve 

the participation of different algogenic mediators 

that contribute to decreased pain threshold and 

increased response to small stimuli, for peripheral 

sensitization (ZIMMERMANN, 2001).
Peripheral nerve injury results in persistent 

or chronic neuropathic pain characterized by 

spontaneous pain, accompanying allodynia (pain in 
response to stimuli that usually cause no pain) and 
hyperalgesia (exaggerated pain response to injurious 
stimuli) (ZIMMERMANN, 2001; PEYRON et al., 
2013; JIANG et al., 2014). These sensations can be 
induced by thermal (heat or cold) and mechanical 
stimuli (BENNETT, 1994).

During this phenomenon, sensitization of ascending 

sensory nerve bundles makes them susceptible to 

stimulation by mechanoreceptors (Aβ fibers) and 
nociceptors. The phenomenon of allodynia results in 

some changes that occur throughout the nociceptive 

pathway, such as reorganization of central afferent and 

loss of inhibitory mechanisms. Peripheral lesions of C 

ibers decrease the release of GABA by spinal inhibitory 
neurons, which contributes to the loss of inhibitory 

mechanisms of pain control. Furthermore, there is a 

decreased release of serotonin and norepinephrine 

by descending inhibitory neurons (CAVIEDES; 
HERRANZ, 2002; MEYERSON; LINDEROTH, 2006; 
BUONOCORE et al., 2013; THIBAULT et al., 2013).
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Several studies have shown that in the spinal 

cord, glial cells are involved in inlammation-induced 
peripheral pain and neuropathic pain. Centrally, the 

glia cells are formed by macroglia (astrocytes and 
oligodendrocytes) and microglia. Oligodendrocytes are 
the myelin forming cells of the peripheral nervous system 

(PNS), corresponding to 40% of glial cells (ZHANG; DE 
KONINCK, 2006; RISTOIU, 2013). About 50% of glial 
cells are astrocytes and only 5-10% microglia (ZHANG; 
DE KONINCK, 2006). Speciically after injury-induced 
peripheral neuropathy, changes occur in the DHSC, 
for example, expression of neuropeptides, glial cell 
activation and neuronal hyperexcitability (MATSUO et 
al., 2014; RICHNER et al., 2014; TIWARI et al., 2014). 

Astrocytes and microglia act in the development, 

induction and potentiation of neuropathic pain. Following 

peripheral nociceptive activation after nerve injury, 

microglia become active and release proinlammatory 
cytokines such as tumor necrosis factor-α (TNF-α), 
interleukin-1β, and interleukin-6, which initiate 
the nociceptive process. The microglia propagate 

neuroinlammation to recruit other microglia, such as the 
activation of astrocytes near the injury site, which prolong 

the inlammatory state and lead to a condition of chronic 
neuropathic pain (VALLEJO et al., 2010).

Pain and cortical stimulation

The concept that pain can be altered by cortical 

modulation is conirmed by many observations and 
clinical procedures (SENAPATI et al., 2005a). The study 
where the use of cortical electrical stimulation for the 

treatment of neuropathic pain of central origin in humans 

was irst reported (TSUBOKAWA et al., 1990) gave rise 
to the hypothesis that an electrical impulse could activate 

sensory neurons present at the stimulation site, thereby 

leading to inhibition of nociceptive neurons located in 

the cerebral cortex (TSUBOKAWA et al., 1993). Since 
then, cortical stimulation gained much attention because 

of its effectiveness in treating various pain syndromes, 

including pain of neuropathic origin (VELASCO et 
al., 2008; ANTAL et al., 2010; TRISTER et al., 2013; 
JIANG et al., 2014).

In treating thalamic pain, it was seen that electrical 

stimulation of the thalamus (deep brain) as well as 

the sensory cortex was generally less effective than 
stimulation of the motor cortex (TSUBOKAWA et al., 
1993). In line with this idea, it was suggested that MCS 
does not affect the sensory threshold and breakdown 

component of pain, thus excluding an effect on the upward 
transmission of information (OHARA et al., 2005).

Experimentally, it has been demonstrated by 
electrophysiology that inhibition of the activity of 

DHSC neurons in response to mechanical stimulation, is 
induced by S-I and motor cortex stimulation, where this 
effect is observed only during stimulation (SENAPATI 
et al., 2005a). It was also shown that subdural electrical 
stimulation of the motor cortex induced antinociception 
in mice with central neuropathic pain in a thermal 

hyperalgesia model (RUSINA et al., 2005). Recently, 
it was also observed that subdural stimulation inhibits 

thermal hyperalgesia induced by persistent peripheral 

neuropathy in rats (VACULIN et al., 2008).

The experimental results obtained with MCS differ 
from those in the treatment of patients with chronic 

neuropathic pain, where in animal models, the electrodes 

used for cortical stimulation are implanted subdurally, 

i.e., deep in the cerebral cortex, or transdurally, which 
is less invasive than subdural stimulation, since there is 

no penetration of the cerebral cortex, thereby preventing 
tissue damage and possible complications, such as 

hemorrhage, necrosis and postoperative meningitis. 

Thus, the action of cortical stimulation demonstrates a 

direct relationship between the somatotopy of the motor 

cortex and the segment of the body affected by pain, by 
acting in subcortical regions located near the electrode 

or in the cortex only (KATAYAMA et al., 1988; ALM; 
DREIMANIS, 2013; RIDDER et al., 2013).

Mimicking the protocol and to make this 

more similar to that applied in humans for the best 

applications, it was demonstrated that transdural 

electrical stimulation of the motor cortex applied in a 
single session of 5 min (amplitude 1.0 V; frequency 60 
Hz; pulse duration 210 µs; 0.1 µA of delivered current 
– AVS Projectos® – Electrical Stimulator, São Paulo, 

Brazil) increases nociceptive threshold in rats evaluated 
in the paw pressure model without interfering with 

motor response of these animals, where this effect is 

mediated by opioid receptors (FONOFF et al., 2009; 
FRANÇA et al., 2013).
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Furthermore, it was shown that MCS reverses 

neuropathic pain, at least in part, in animals subjected 

to chronic constriction injury of the sciatic nerve by 

activation of neurons of the PAG, central and basolateral 
nucleus of amygdale and anterior cingulate cortex, and 
by inhibition of neurons of the VPM and VPL thalamic 
nucleus and DHSC, observed by immunostaining of the 
c-Fos proto-oncogene (PAGANO et al., 2011).

Despite the work positing the direct relationship 

between antinociception and neuronal activation after 

stimulation of the motor cortex, further studies involving 
neuroplasticity are still needed.

These studies may contribute to both a better 

understanding of the role of the motor cortex in the 
modulation of neuropathic pain and the improvement of 

therapeutic strategies in the treatment of persistent pain.
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