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Abstract
Background: Spinal cord stimulation (SCS) has been used to treat neuropathic 
pain since 1967. Following that, technological progress, among other advances, 
helped SCS become an effective tool to reduce pain.
Methods: This article is a non-systematic review of the mechanism of action, 
indications, results, programming parameters, complications, and cost-effectiveness 
of SCS.
Results: In spite of the existence of several studies that try to prove the mechanism 
of action of SCS, it still remains unknown. The mechanism of action of SCS would 
be based on the antidromic activation of the dorsal column fibers, which activate 
the inhibitory interneurons within the dorsal horn. At present, the indications of 
SCS are being revised constantly, while new applications are being proposed 
and researched worldwide. Failed back surgery syndrome (FBSS) is the most 
common indication for SCS, whereas, the complex regional pain syndrome (CRPS) 
is the second one. Also, this technique is useful in patients with refractory angina 
and critical limb ischemia, in whom surgical or endovascular treatment cannot 
be performed. Further indications may be phantom limb pain, chronic intractable 
pain located in the head, face, neck, or upper extremities, spinal lumbar stenosis 
in patients who are not surgical candidates, and others.
Conclusion: Spinal cord stimulation is a useful tool for neuromodulation, if an 
accurate patient selection is carried out prior, which should include a trial period. 
Undoubtedly, this proper selection and a better knowledge of its underlying 
mechanisms of action, will allow this cutting edge technique to be more acceptable 
among pain physicians.
Key Words: Failed back surgery syndrome, indications, neuromodulation, review, 
spinal cord stimulation
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INTRODUCTION

Neuromodulation is defined as the application of either 
an electric current or pharmacological agents used to 
change the neuron membrane permeability to ions, 

leading to an increase or decrease in its threshold for 
action potentials. The International Neuromodulation 
Society established that: Neuromodulation is defined 
as, “the therapeutic alteration of activity in the central, 
peripheral or autonomic nervous systems, electrically 
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or pharmacologically, by means of implanted devices”. 
The term neuromodulation is preferred over the term 
stimulation, as the former includes the excitation and 
inhibition techniques in a clearer fashion. Low frequency 
electrical stimulation has an excitatory effect, whereas, 
high frequency stimulation is applied to produce neuronal 
inhibition. At present, neuromodulation is used for several 
neurological conditions such as epilepsy, movement 
disorders, psychiatric disease, spasticity and pain. With 
regard to pain treatment, low frequency is applied 
to activate dorsal spinal tracts, periaqueductal gray 
matter, and motor cortex, while inhibitory stimulation is 
utilized for peripheral nerve, thalamic, and hypothalamic 
modulation. Spinal cord stimulation is a technique of 
neuromodulation, which consists of placing leads in the 
epidural space of the spinal cord, as a method to treat 
numerous types of disturbances. Due to its reversibility 
and safety, neuromodulative approaches are preferred 
over neuroablative procedures, which have been more 
commonly performed in the previous era.[33,42,72,73,83,108,129,161]

Electricity has been used in medicine since almost two 
thousand years ago. According to historical records, the 
first time electricity was used in medicine was in the time 
of the Roman Empire, where the torpedo fish was used 
to treat headaches and painful gout. In the eighteenth 
century, the use of electrical current for treating pain 
was widespread and indiscriminate. Both the poor results 
and frequent accidents led to the prohibition of the 
technique.[33,108,161] In spite of these antique reports, it was 
not until 1965 that Melzack and Wall published their 
gate theory, allowing SCS to emerge as a new technique 
for achieving pain relief. This theory proposed that 
nociceptive impulses, which were carried by Ad and C 
fibers, might be blocked by simultaneous tactile stimuli 
or by the electrical stimulation of thick myelinated Aβ 
fibers. It represented the first scientific basis for the 
use of electrical stimulation for pain.[33,73,83,100,108,129,161] In 
1967, Wall and Sweet started to use peripheral nerve 
stimulation to treat pain. Based on this theory, Shealy 
et al. implanted the first electrode in the spinal cord in 
the same year.[134] Undoubtedly, it was a milestone in 
neuromodulation. The number of implanted devices has 
increased enormously since then. However, SCS was not 
a successful treatment in the beginning, probably due to 
technical problems and poor patient selection.

Technological progress, a better knowledge of its 
mechanism of action, and careful patient selection, 
among other advances, helped SCS become an effective 
tool to reduce pain. In the early years, leads were placed 
in the subarachnoid space through a laminectomy, but 
later, electrodes were implanted in the epidural space 
to avoid some complications such as cerebrospinal 
fluid leakage and arachnoiditis. More recently, the 
percutaneuos technique was introduced. It allowed a trial 
stimulation with an external pulse generator, to assess if 

SCS was beneficial for the patient before the permanent 
implant, which was much more expensive. This trial was 
probably useful to improve the outcome of SCS, because 
it allowed for more accurate patient selection. Thus, this 
trial improved the cost-effectiveness, as 17 – 20% of the 
patients failed the trial stimulation and only the ones who 
exhibited a good response would undergo implantation of 
the permanent device.

Nowadays, there are two types of electrodes available: 
Cylindrically shaped percutaneous electrodes and 
paddle-type surgical ones. The former are placed with 
a less invasive technique and are widely preferred now, 
whereas, the latter one requires a laminectomy, but it 
has less likelihood of migration. However, it is possible to 
introduce a paddle-type one by using a tubular retractor 
system under local anesthesia.[6,14,23,42,51,66,73,81,83,108,127,134,145,161]  

At present, the indications of SCS are being revised 
constantly, while new applications are being proposed 
and researched worldwide. Spinal cord stimulation is the 
most frequently applied neuromodulation method.[5,42] 
This article is a non-systematic review of its mechanism 
of action, indications, results, programming parameters, 
complications, and cost-effectiveness.

MECHANISM OF ACTION

Deafferentation pain may occur in patients with injuries 
in the central or peripheral nervous systems, as pain, 
either spontaneous or elicited by innocuous stimuli, 
may appear if there is a lesion anywhere in the sensory 
pathways. The principal mechanisms involved are: 
Sensitization of receptors, appearance of ectopic focus 
or pacemakers, and abnormal activity in the central 
processing units. For example, in case of a peripheral 
nerve injury, the neuroma formed in the proximal stump 
generates spontaneous action potentials that reach 
the posterior horn of the spinal cord. Also, the sensory 
ganglia cells increase their spontaneous electrical activity 
and undergo modifications in their nuclei, as a response 
to the peripheral injury. Ephaptic conduction may occur 
between the adjacent damaged fibers. This ectopic 
activity and the peripheral nerve injury itself generate 
functional modifications in the second order neurons 
in the dorsal horn of the spinal cord, known as central 
sensitization. Hyperactivity may occur in those neurons 
and its receptive field might increase, allowing pain to 
reach areas away from those innervated by the injured 
nerve structures. Furthermore, there is a decrease in the 
segmental inhibitory mechanisms as well as an increase in 
membrane excitability and synaptic efficacy of the second 
order neurons within the dorsal horn.[3,9,15,24,82,118,145,161] 
The objective of this example is to understand the basic 
mechanisms underlying deafferentation pain and its 
difference from nociceptive pain, in which the sensory 
pathways are intact.
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horn neurons in rats; thus, it may be another target of 
electrical neuromodulation.[64,96,122]

Diverse studies in humans and animals revealed that SCS 
produces several changes in neurotransmitter release. 
Spinal cord stimulation likely produces an elevation 
of substance P in the cerebrospinal fluid. There is an 
increase in the release of inhibitory neurotransmitters, 
such as, gamma-aminobutyric acid (GABA) and 
acetylcholine, whereas, there is a decrease in the 
liberation of excitatory ones like glutamate and aspartate. 
Probably, SCS may produce pain relief by restoring the 
normal GABA levels in the dorsal horn, and increasing 
the release of adenosine. In a study in animals, it was seen 
that the beneficial effects of SCS were abolished if an 
intrathecal GABA-B receptor antagonist was administered 
simultaneously.[20,51,85,87,101,117,121,129,143] As GABA is thought 
to be involved in this process, SCS was combined with 
the intrathecal administration of baclofen (a GABA-B 
receptor agonist) during stimulation, in some studies, 
whose results suggest that it may improve the effect of 
SCS. In patients who have an insufficient response to 
SCS, a trial with intrathecal baclofen may be an optimal 
alternative.[85,117]

The anti-ischemic and antianginal effects of SCS seem 
to be due to its attenuation of the sympathetic system, 
stabilization of the intracardiac neuronal activity, an 
increase in the release of adenosine, and the peripheral 
release of calcitonin, a gene-related peptide that leads to 
vasodilatation. Nitric oxide may be involved in this latter 
effect too.[51,86,117,121]

INDICATIONS AND RESULTS

Spinal cord stimulation is still an underutilized method, 
although several indications have been described 
[Table 1]. However, this statement must not be confused 
with a suggestion of overuse. Despite the existing clear 
indications for SCS, there are marginal indications, which 
may yet be best approached as part of a clinical trial 
instead of as part of the clinical routine; but on the other 
hand, there are suggestions that it may be effective for 
other conditions besides pain, such as, severe peripheral 
vascular disease, reducing diarrheal episodes, and 
decreasing insulin requirements.[18,54,68,98,150]

First, a correct pain analysis must be undertaken, 
because only the neuropathic component of pain is 
expected to be diminished.[18,73,88] Spinal cord stimulation 
should be used only if conservative treatments have 
failed previously. Patients with neuropathic pain have 
to undergo a magnetic resonance imaging (MRI) scan 
before considering SCS, to exclude any surgically curable 
cause of pain, such as, spinal canal or root compression, 
in which case, surgical decompression is indicated. There 
should not be any abnormality on the imaging studies or 

In spite of the existence of several studies that try to 
prove the mechanism of action of SCS, it still remains 
unknown. Probably, the physiological bases of pain 
relief are different, depending on its cause.[51,81,83,102] 
Most experimental data regarding this topic are derived 
from animal models of neuropathic pain, in which 
pain must be evaluated in an indirect manner. As pain 
cannot be properly assessed and interpreted in animals, 
hypersensitivity after a nerve injury is the most common 
indirect behavioral sign of pain used in animal models. 
This is equivalent to allodynia in humans, but not to 
pain. Hence, if this data is translated to clinical practice, 
it may lead us to a wrong approach to knowledge, 
unless these findings have been confirmed in humans 
previously.[8,22,65,95,102,103,117,133,169]

The exact electrical target within the spinal cord is 
still unknown; however, there are several theoretical 
ones, such as, dorsal columns, dorsolateral funiculus, 
spinobulbar fibers, spinocerebellar tract, and dorsal root 
fibers.[31,45,51,117,129] Spinal cord stimulation arose as a direct 
consequence of the gate-control theory, which postulates 
that the electrical stimulation of the Aβ fibers within 
the dorsal columns inhibits the transmission of pain 
information to the brain via the Aδ and C fibers. The 
Aβ fibers carry non-nociceptive information, whereas, 
the Aδ and C fibers are small nociceptive projections. 
The gate-control theory does not explain the mechanism 
of action of SCS accurately, as it principally modulates 
neuropathic pain without having an adequate effect on 
nociceptive pain. Stimulation of Aβ fibers also elicits 
paresthesia in the corresponding dermatomes, which is 
thought to be needed to achieve pain relief. However, 
it may only be an epiphenomenon of neuromodulation, 
and thus, be actually unrelated to the mechanism of 
pain relief.[31,45,51,73,81,103,117,129] The longer the distance 
between a fiber and the electrode, the lower is the 
stimulation threshold of that fiber. Therefore, most dorsal 
fibers of the dorsal column have the lowest threshold 
for activation.[31] Probably, SCS selectively influences  
transmission of type A fibers, as it has been seen in rats.[103]  
The mechanism of action of SCS would be based in the 
antidromic activation of the dorsal column fibers, which 
activate inhibitory interneurons in or near the substantia 
gelatinosa and marginal layer of the dorsal horn. Dorsal 
columns contain Aβ fibers related to all dermatomes, 
from the caudal to the spinal segments, where the 
contact is located, and these fibers are arranged in a 
precise order: The more caudal the dermatome, the 
more medial the axon.[27,31,34,51,102,117,119,121,129,169] As referred 
to earlier, peripheral neuropathy appears to induce a 
hyperexcitability state in the dorsal horn neurons, and 
SCS may have an effect in normalizing the excitability 
of a wide-range neurons in response to non-nociceptive 
stimuli.[51,169] Dorsolateral funiculus contains descending 
fibers that modulate the activity of the nociceptive dorsal 
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Table 2: Absolute and relative contraindications for 
spinal cord stimulation[3,51,72,73,108,165]

Absolute Relative

General contraindications for 
surgery (unacceptable surgical 
risk)

Anticoagulant therapy

Sepsis Immunosuppression
Localized infection at the 
implantation site

Presence of cardiac pacemaker or 
implanted defibrillatorA

Spina bifida Active litigation
Obliteration of the spinal canal by 
a previous surgery or trauma

Pregnancy

Trial failure (non-responder) Unmanaged substance abuse
Unresolved major psychiatric 
disorder/cognitive impairment / 
suicidal tendencies

Previous Dorsal Root Entry Zone 
lesioningB

AThe pulse generator may compromise the function of those devices, BAs a spinal 
cord injury above the intended level of stimulation

The goal of the trial is to increase the cost-effectiveness 
of the method and to improve patient selection. The 
area of pain has to be covered by paresthesia during 
the trial. A pain relief of at least 50%, according to the 
visual analog scale (VAS), and patient satisfaction, are 
both considered as positive responses to the trial, which 
confirms the indication for definitive implantation of the 
pulse generator. There are approximately 20% of non-
responder patients in whom permanent implantation is 
not indicated and the electrode is removed. Although 
an Outpatient trial is the gold standard, in some health 
centers the trial is conducted intraoperatively, through 
external stimulation, with the patient awake, under local 
anesthesia.[3,18,51,73,81,83,106,117,132,137,163,165]

Several factors are suspected to be related to the SCS 
outcome [Table 3]. Williams et al. found that the 
variable most strongly associated with a negative result 
was experiencing <50% pain relief during the trial, which 
is coincident with the major criterion of permanent 
implantation. Furthermore, the presence of allodynia 
and/or hyperalgesia, two well-known hallmarks of 
neuropathic pain, is associated with a positive outcome, 
whereas, the history of substance abuse is correlated 
with a poor result.[165] Kumar and Wilson have published 
that the success rate is inversely proportional to the 
time interval, from the initial onset of symptoms to the 
time of implantation. They have concluded that patients 
had to be implanted within the first five years from the 
onset of their symptoms. This may be due to changes in 
the pain pathways over time, making it more resistant 
to treatment with SCS with the passage of time.[81] 
Complications of this technique, which are obviously 
related to the outcome, are shown in Table 4. Turner et al. 
have found that approximately 34% of the patients who 
received a stimulator had complications.[155]

if any is present, it should not seem to be related to the 
patient's pain. A psychiatric evaluation should be done 
before the procedure is performed.[3,18,73,83] It is thought 
that the dorsal column fibers should retain at least 
some degree of functional integrity, to produce some 
inhibitory effect on the pain transmitting system, which 
is consistent with some findings of a lack of efficacy in 
patients with neuropathic pain, in whom the lesion is 
located proximal to the dorsal root ganglion, leading 
to extreme hypesthesia in the painful area. It would 
be due to orthodromic degeneration of the primary 
fibers emanating from the lesion up to the brainstem. 
Thus, those patients who present with complete central 
lesions may not be good candidates for SCS. It may be 
evaluated by somatosensory evoked potentials, as it is 
sometimes difficult to clinically determine the exact 
location of the lesion. In summary, in the absence of any 
contraindication, the proper candidates for SCS must 
present a well-defined, non-malignant, organic cause 
of pain, which cannot be treated by a curative surgical 
procedure, and they must have already failed a trial 
period of initial medical pain management, of at least six 
months.[3,44,81,88,137] Absolute and relative contraindications 
for SCS are listed in Table 2.

A trial stimulation with a temporary electrode, which 
usually lasts from three days to three weeks is almost 
always performed on each patient, to assess the efficacy 
of SCS, before a permanent pulse generator is implanted. 

Table 1: Main uses of spinal cord stimulation and its 
expected outcome[3,51,73,81,83,88,106]

Condition Expected outcome

Angina Pectoris ++
Ischemic pain associated with peripheral
vascular disease

++

Complex regional pain syndrome I and II +
Phantom limb pain +
Failed back surgery syndrome +
Diabetic neuropathy +
Chronic sciatic pain due to epidural fibrosis 
or aseptic adhesive arachnoiditis

+

Radicular pain ++
Postherpetic Neuralgia ±
Intercostal Neuralgia ±
Complete spinal cord lesión -
Complete root avulsión -
Axial low back pain ±
Peripheral nerve or plexus injury +
Post-thoracotomy pain ±
Others: Central post stroke pain, 
vasospasm, urinary disturbances, 
Raynaud’s syndrome, pain associated with 
severe spasticity, visceral pain

±

++ Very successful, + Successful, ± Variable outcome/Unknown, - Unsuccessful
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it ranges from chronic axial low back pain to radiculopathy, 
but it does not necessarily mean that the surgery has 
fully failed. The incidence of FBSS varies widely among 
different studies, ranging from 10 to approximately 40% 
of patients who have undergone spine surgery. Forty to 
eighty percent of the patients obtain significant pain 
relief following open spine surgery for single-level fusions, 
whereas, only 15% reach this objective when a fusion of 
three levels is performed. FBSS is the most common 
indication for SCS.[3,25,51,72,84,91,92,97,98,108,125,157,162] Depending 
on each case, persistent pain following spinal surgery 
may be due to residual or recurrent disk herniation, 
persistent postoperative compression of the spinal nerves, 
like residual foraminal stenosis, altered joint mobility, 
pseudoarthrosis, joint hypermobility with instability, 
arachnoiditis or inflammation of the nerve roots in the 
thecal sac, depression, spinal muscular pain, epidural 
fibrosis, and discogenic pain, which may be from the 
disk above, below, or at the level of the fusion. It is 
essential to differentiate those patients in whom the pain 
is neuropathic in origin.[5,72,97,98,127,144,164] A clinical case of 
FBSS is described in Figure 1.

There are only few randomized and controlled trials 
to evaluate the effectiveness of SCS in treating 
FBSS,  while most of the studies are retrospective 
case series.[74,75,77,78,90,98,112,149] Taylor et al. carried out a 
systematic review on SCS for FBSS, in which more than 
three thousand patients who had undergone implantation 
were included. Sixty-two and seventy percent of them had 
experienced >50% pain relief and had been satisfied with 
the treatment received.[149] Burchiel et al. reported that 
SCS successfully managed pain in 55% of the patients 
who were available for a one-year follow-up.[13] In 1991, 
North et al. presented a series of 50 patients with FBSS, 
who underwent spinal cord stimulator implantation. A 
successful outcome was defined, as in both, at least 50% 
sustained pain relief and patient satisfaction with the 
result, and it was recorded in 53% of the patients, two 
years postoperatively, and in 47% of them, five years 
postoperatively.[111]

North et al. conducted a prospective, randomized, and 
controlled trial to compare the outcome of SCS and 
repeated spine surgery in FBSS patients. They accepted 
patients with axial low back pain, but only if the intensity 
of this pain was equal to or less than that of their 
radicular pain, because they aimed to evaluate patients 
with the latter type of pain. It should be remembered 
that axial low back pain was more difficult to treat by 
SCS than radicular pain, as it was clearly explained in 
that article. A total of 50 patients were randomized to 
SCS or reoperation, but if the results of the randomized 
treatment were unsatisfactory, the patients could cross 
over to the alternative one; however, the crossover was 
an outcome measure, as were pain relief and patient 
satisfaction. Those patients randomized to reoperation 

Failed back surgery syndrome
Failed back surgery syndrome (FBSS), also known 
as post laminectomy pain syndrome, is defined as a 
persistent or recurrent pain following surgery on the 
lumbosacral spine. It must be known that the surgery 
may have been successful in correcting the underlying 
spine pathology, but may have failed to achieve durable 
pain relief. Although the common symptoms of FBSS 
are diffuse, dull,   and/or aching pain involving the back  
and/or legs, it may also include sharp, burning, pricking 
and/or stabbing pain in the extremities. Thus, in summary, 

Table 3: Factors influencing the 
outcome[3,73,79,81,83,98,106,108,114,126,165]

Factors more associated with outcome

Trial failure  
(non-responder)

Presence of allodynia and / or hyperalgesia or 
clear diagnosis of neuropathic pain

Timing of implant Proper patient selection
Etiology of painA Active litigation or worker’s compensation
Complications Tolerance for SCSB

Accurate selection of 
the type of electrode 
for each patientC

Factors less associated or not directly related to outcome

Age Gender
Laterality of pain Educational level
Coexisting pain Adjuvant use of opioids or anti-inflammatory 

drugs
Smoking Others

ASee Table 1, BA progressive loss of pain control with a fully functioning stimulation 
system. The mechanism involved is still unknown, CFor example, paddle leads are 
preferred for patients with suspected scarring of the epidural space at the level of 
insertion, with extensive orthopedic hardware in the spine, or those with high energy 
requirements

Table 4: Complications of spinal cord 
stimulation[4,17,23,51,73,81,99,108,124,127,140,155]

Complication Frequency

Additional revisión +
Inadvertent dura puncture / cerebrospinal fluid leakage ±
Pain at the pulse generator site ±
Nerve root or spinal cord injuryA -
Epidural hematomaA -
Electrode migrationB +
InfectionC ±
Subcutaneous hematoma ±
Electrode fracture ±
Hardware malfunctionD +

+ Frequent, ± Infrequent, - Very rare, AThose are the most harmful complications, 
BThis is the most common complication and it is more frequent within the first 
days of implantation. A change in the distribution of induced paresthesia may 
indicate migration of the electrode, CAntibiotics and explantation of hardware 
may be required to manage the infection, but as infection involving the epidural 
lead is extremely rare, it is usually sufficient to remove only the pulse generator 
and the extension lead. The reported rate of infection is about 5%, DIncluding 
electrode insulation failures, electrode wire failures, and implantable pulse 
generator (IPG) failures
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inflammatory drugs, antidepressants, antiepileptic drugs, 
and others), nerve blocks, epidural infiltration of steroids, 
physical and psychological rehabilitative therapy, and/or 
chiropractic care. In the intention-to-treat analysis at six 
months, 24 SCS patients (48%) and four CMM patients 
(9%) (P < 0.001) achieved the primary outcome, which 
was defined as the proportion of patients achieving 
50% or more pain relief in the legs. It is essential to 
mention that five SCS patients crossed over to CMM, 
and 32 CMM patients crossed to SCS, between six and 
12  months after the beginning of the treatment.[75,77,90] 
At 24 months, 46 of the 52 patients randomized to SCS 
and 41 of the 48 randomized to CMM were available for 
follow-up, and the primary outcome was achieved by 17 
(37%) of the former versus one (2%) of the latter (P = 
0.003). Moreover, this outcome was achieved by 34 (47%) 
of the 72 patients who received SCS as a final treatment 
versus one (7%) of the 15 for CMM (P = 0.02).[78]

In 1999, Krames proposed that SCS had to be a final 
treatment option, after all other therapies for FBSS had 
been exhausted. Thus, an algorithm of care, which ordered 
therapies by its invasiveness and costs, was recommended. 
Despite this, the algorithm was used for several years. If it 
is analyzed with the SAFE (Safety, Appropriateness, Fiscal 
Neutrality, and Effectiveness) principles, some changes 
should be done, although this issue is still controversial. 
They expressed that the risk of significant injury from the 
chronic use of opioids and nonsteroidal anti-inflammatory 
drugs or reoperation appeared to be greater than the risk 
of SCS. Fiscal Neutrality meant that the cost of a new 
therapy did not result in greater financial expenditure than 
the current therapy, with equivalent efficacy, during the 
same time period.[69-72,91,92] Several studies have analyzed the 
cost-effectiveness of SCS for FBSS.[7,12,35,43,72,74,91,92,147,148,166]  
Kumar et al. concluded that SCS was cost-effective in the 
long term, despite the initial high costs of the implantable 
devices.[74] On the other hand, pain medications contributed 
substantially to healthcare costs. SCS for FBSS was fiscally 
neutral on day one and at 3.5 years, when compared with 
reoperation and medical management, respectively.[72] Cost-
effectiveness of SCS was highly sensitive to the device cost 
and its longevity.[136] Taylor et al. reported that rechargeable 
pulse generators should be considered when the battery 
life was likely to be short, despite their initial increased  
expense.[147] Therefore, in summary, Krames et al. 
demonstrated that SCS treatment for FBSS obeyed 
the four principles, and they proposed that it should be 
used before the institution of long-term opioid therapy, 
intrathecal therapies, or reoperation.[72] However, Frey et 
al. and some guidelines for management of low back pain 
established that more evidence was needed to determine 
at which point in the treatment continuum SCS should 
be considered.[35,91,92] New algorithms and paradigms for 
clinical management of these patients may be developed in 
the future, when higher quality evidence becomes available.

could cross over to SCS after a six-month postoperative 
period. A therapeutic trial with a percutaneous electrode 
was carried out in patients who were to undergo SCS, 
before permanent implantation. Only 45 patients were 
available for follow-up. They concluded that SCS was 
more successful than reoperation (nine of 19 patients had 
a good outcome versus three of 26 patients, respectively; 
P < 0.01). One of the most important results of the study 
was the fact that the patients initially randomized to 
SCS were significantly less likely to cross over than those 
randomized to reoperation (five of 24 patients versus 14 
of 26 patients, P = 0.02). Furthermore, those patients 
who were assigned to reoperation required increased 
opioid analgesics significantly more often than those 
randomized to SCS (P < 0.025), whereas, other measures 
of activities of daily living and work status did not differ 
significantly between the two groups.[112] Currently, the 
first multicenter, multinational, randomized, controlled 
trial to assess the effectiveness and cost-effectiveness of 
SCS with rechargeable pulse generator versus reoperation, 
through a 36-month follow-up in patients with failed 
back surgery syndrome, is being performed.[115]

The Prospective Randomized Controlled Multicenter 
Trial of the Effectiveness of Spinal Cord Stimulation 
(PROCESS) randomized 100 FBSS patients with 
predominant leg pain of neuropathic radicular origin, 
between spinal cord stimulation and conventional 
medical management (CMM) or CMM alone, and its 
results at six months showed that SCS achieved better 
pain relief, health-related quality of life, and functional 
capacity. Conventional medical management included 
oral medication (such as opioids, nonsteroidal anti-

Figure 1: A case of failed back surgery syndrome is described. (a) A 
patient underwent lumbar microdiscectomy because of radicular 
pain. A left L5-S1 herniated disk was detected in the preoperative 
images. (b and c) The patient continued with radicular and lumbar 
pain after the surgery. Although magnetic resonance imaging 
showed arachnoiditis surrounding the root (b), he underwent 
posterior lumbar instrumentation (c). (d): The second surgery did 
not produce pain relief. Subsequently, the patient was referred 
to our Neurosurgical Department. A paddle-type lead with eight 
contacts was placed and Spinal cord stimulation led to pain relief

a b

c d
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regard to pain intensity (- 2.1 vs. 0.0 cm; P < 0.001). 
Health-related quality of life improved only in the group 
receiving SCS. They concluded that SCS resulted in a 
long-term pain relief and health-related quality of life 
improvement in CRPS, but accurate patient selection is 
required.[60] Nevertheless, at five years, implanted patients 
had similar results to those who were treated with 
physical therapy for pain relief and all other measured 
variables, although 95% of the patients with an implant 
would repeat the treatment for the same result.[61,62]

Phantom limb pain
Up to 80% of the patients, who have undergone 
amputation, may be affected by phantom limb pain, 
although the real percentage is controversial.[10,28,30,109,130,163] 
In a study of 25 unilateral upper limb amputees, the 
prevalence of clinical symptoms of phantom sensation, 
phantom pain, and stump pain were 64, 32, and 24%, 
respectively.[28] Phantom limb pain is a painful sensation 
referred to the absent limb, but if it is localized 
particularly in the stump, it is called stump pain, which 
is common in the early post-amputation period, but in 
5 – 10% of the cases it persists and may even get worse 
with time. Phantom limb sensation is any other sensation 
in the absent limb, except pain. These elements often 
coexist in each patient and may be hard to separate.[109]  
It is difficult to evaluate the success of SCS in each 
type of pain individually, as the available studies usually 
group these different categories together.[98] Spinal cord 
stimulation can relieve phantom pain, but the effect 
often decreases with time.[67,109]

There are several case series on the treatment of phantom 
limb pain with SCS, which have reported heterogeneous 
results. It could be due to the fact that some of them 
were from the seventies and eighties, when the hardware 
was less technologically advanced and some leads were 
not located in the epidural space.[10,28,30,32,58,67,109,130,163] 
Viswanathan et al. treated four patients with phantom 
limb pain by SCS and all of them experienced excellent 
pain relief postoperatively.[163] Katayama et al. operated 19 
patients with phantom limb pain. All of them underwent 
SCS, and if the SCS failed to reduce the pain, the 
patients were considered for deep brain stimulation and/
or motor cortex stimulation. They found that satisfactory 
long-term pain control was achieved in six of the 19 
patients, by SCS. They concluded that there was no 
evidence for an advantage of motor cortex stimulation 
over SCS and deep brain stimulation, in controlling 
phantom limb pain.[58] Fernandes Correa did not find 
any improvement in three patients who had been treated 
with SCS.[32]

Peripheral vascular disease
Although critical limb ischemia should be treated with 
open surgery or endovascular technique, some patients 
cannot undergo these procedures because they are 

Complex regional pain syndrome
Complex regional pain syndrome (CRPS) may be divided 
into two types: type 1 (also known as reflex sympathetic 
dystrophy) and type 2 (or causalgia). Both types have the 
same signs and symptoms, but the former does not have 
a nerve injury, whereas, the latter has it. About 90% of the 
people with CRPS have type 1. The CRPS is generally 
preceded by trauma or surgery, and the affected area is 
usually greater than the region of the original injury, as 
it happens in other types of neuropathic pain. Nerve 
conduction studies may be used to confirm or exclude 
peripheral neuropathic disease, thus, differentiating 
between the two types. The symptoms, which are 
increased with exertion, are a combination of continuous 
and excruciating pain, which is disproportionate to 
the trigger event, hyperalgesia, allodynia, changes in 
skin color and asymmetry of skin temperature due to 
abnormal skin blood flow, edema, sweating abnormalities 
like hyper-/ hypohidrosis, decreased range of motion of 
the affected joints, muscle weakness, tremors, involuntary 
movements, bradykinesia, dystonia and trophic signs, 
such as, abnormal hair and nail growth.[3,11,40,49,98,135,141,142,159]

Spinal cord stimulation may be considered for patients with 
CRPS, in whom conservative medical and rehabilitation 
therapy or sympathetic blocks have not been successful.[159]  
This is the second most common indication for SCS, 
in USA, and it would be an effective therapy in the 
management of patients with CRPS types 1 and 2.[51,135] The 
clinical effects of SCS include decreased edema, allodynia, 
and symptoms of movement and vasomotor disorders. It 
produces an increased blood flow too, however, its pain-
relieving effect is apparently not related to these changes 
in the blood flow. It is particularly effective in helping to 
restore function in the affected extremities.[76,98,121,141] It is 
essential to treat these patients early in the disease course, 
as there is evidence which suggests that it is associated 
with better outcomes. Stanton-Hicks has recommended 
that SCS be considered for patients with CRPS type 1 if 
no response to conventional treatment is noted within 12 – 
16 weeks.[76,98,141,146] The presence of brush-evoked allodynia 
may predict a poor outcome in these patients.[158]

Kemler et al. carried out a randomized study on patients 
with CRPS, to compare SCS plus physical therapy with 
physical therapy alone. Thirty-six patients were assigned 
to SCS and physical therapy, and 18 were randomized 
to receive physical therapy alone; however, the trial 
stimulation was successful only in 24 patients; so the 
other 12 patients did not receive implanted stimulators. 
In an intention-to-treat analysis at six months, the group 
assigned to receive SCS and physical therapy had a 
mean reduction of 2.4 cm according to the VAS, while 
there was an increase of 0.2 cm in the group assigned 
to physical therapy alone (P < 0.001).[59] At two years, 
the intention-to-treat analysis showed improvements in 
the group randomized to SCS plus physical therapy with 
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without arterial hypertension.[52] In 2004, a systematic 
review and meta-analysis comparing SCS in addition to 
any form of conservative treatment for inoperable chronic 
critical leg ischemia, found that the addition of SCS to 
standard conservative treatment improved limb salvage, 
ischemic pain, and the general clinical situation in these 
patients.[156]

Angina pectoris
Spinal cord stimulation  is thought to improve the New 
York Heart Association functional class, reduce pain, 
decrease nitrate requirements, improve exercise capacity, 
prevent hospital admissions, and improve the quality 
of life in patients with refractory angina. Despite its 
effectiveness in preventing hospital admissions, SCS does 
not mask serious ischemic symptoms, which may lead 
to silent infarction. Mannheimer et al. have determined 
that these anti-anginal and anti-ischemic effects seem to 
be due to a decrease in myocardial oxygen consumption. 
Spinal cord stimulation can also improve blood flow, 
through the creation of collateral circulation, because 
of the enhanced physical activity of the patients after 
implantation.[26,39,51,93,98,107,151]

The ESBY study (Electrical Stimulation versus Coronary 
Artery Bypass Surgery in Severe Angina Pectoris) included 
104 patients with severe angina and increased surgical 
risk, who were randomized to coronary artery bypass 
grafting or spinal cord stimulation. At five years, there 
was no significant difference in the survival rate or 
quality of life between the groups. Thus, they concluded 
that both treatments could be considered as effective 
options for patients with severe angina, increased surgical 
risks, and those estimated to have no prognostic benefits 
from coronary artery bypass grafting.[29] In summary, SCS 
could be an option for high-risk patients who could not 
undergo surgery because of comorbidities, increased risk 
of surgical complications, and other contraindications. 
In order to be candidates for SCS, patients should 
present with severe and stable angina pectoris, reduced 
quality of life, stenosis of the coronary arteries on 
coronary angiography, and pain refractory to optimal 
medical treatment. Patients who had unstable angina, 
valve defects, or cardiac pacemaker systems were not 
candidates for SCS implantation. It should be borne in 
mind that these latter systems would interfere with the 
SCS hardware and vice versa, thus, these patients should 
not undergo implantation. Small vessel disease cannot be 
treated surgically, however, it may be more appropriately 
treated with SCS, as this has been shown to improve 
microcirculation.[29,51,73,94,98]

Other indications
These and many other uses of SCS are described in the 
literature, while new applications are being proposed 
and researched worldwide, positioning it as a cutting 
edge technique within the healthcare environment 

contraindicated due to comorbidities.  In other cases, 
these techniques may be  not effective to achieve  
complete rest-pain relief. Patients with small vessel 
disease, where revascularization is not possible, can 
be also be candidates for SCS. The main indication is 
severe ischemic pain at rest, without tissue involvement, 
which corresponds to grade 3 according to the Fontaine 
classification; however, patients with necrosis or gangrene 
(grade 4) may also benefit from this treatment. Patients 
who have been already revascularized and present with 
transcutaneous oxygen pressure > 30 mmHg, but with 
persistent pain and / or ulcers that do not heal, in spite of 
the medical treatment, may also be considered for SCS. 
Spinal cord stimulation is thought to produce significant 
long-term pain relief in these patients. Furthermore, SCS 
may prevent the need for amputation in patients with 
critical limb ischemia, as also, its usage is associated with 
an increase in capillary blood flow and skin temperature, 
and enhanced healing of skin ulcers less than 3 cm. In 
spite of its effects on the peripheral circulation, patients 
must have adequate collateral blood flow in the affected 
areas, in order to be considered for SCS.[1,19,48,51,98,120] In all 
these cases, SCS may be indicated and a trial stimulation 
has to be performed prior to permanent implantation. 
Pain reduction and improved tissue perfusion during trial 
stimulation correlates with successful limb salvage, with 
SCS. The aching ischemic pain is expected to be reduced 
by this technique, but pain due to inadequate venous 
return is not relieved.[1,48,51,80,88,98,120,139] Spincemaille et al. 
suggests that those patients with greater than 50% pain 
relief and better than 15% increase in transcutaneous 
oxygen pressure during the trial stimulation must 
undergo permanent implantation.[139]

The European Peripheral Vascular Disease Outcome 
Study (SCS-EPOS), which is a prospective controlled 
multicenter study, has determined that SCS treatment 
of non-reconstructable critical leg ischemia provides a 
significantly better limb survival rate than conservative 
treatment.[1] Kumar et al. carried out a prospective study 
in which SCS was used in 46 patients, for pain associated 
with lower extremity ischemic vascular disease, which 
was considered to be non-reconstructable. The therapy 
was successful in 30 out of 39 cases, and the best results 
were seen in patients with severe claudication and rest 
pain, without trophic changes in the foot.[80] Horsch et al. 
studied 177 patients with ischemic pain caused by non-
reconstructable severe peripheral arterial occlusive disease. 
After a mean follow-up of 35.6 months, 110 patients 
achieved more than 75% pain relief with limb salvage.[48] 
A prospective randomized controlled study in 51 patients 
who presented with chronic leg ischemia with rest pain 
and/or ischemic ulcerations, due to technically inoperable 
arterial occlusions, concluded that SCS might reduce 
the amputation levels in patients with severe inoperable 
leg ischemia, and it would be most effective in patients 
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neuropathy in which SCS had produced not only 
significant pain relief, but also better blood glucose 
control.[54]

Some articles suggest that SCS may be useful in relieving 
chronic visceral abdominal pain, although the criteria 
for patient selection are still not clear. Spinal cord 
stimulation has been used to treat abdominal pain in 
several conditions, such as, mesenteric ischemia, chronic 
pancreatitis, diffuse abdominal adhesions, and chronic 
pelvic pain after endometriosis.[53,55,56,57,63,153] Kapural et al. 
has found that SCS seems to produce long-term pain 
relief and a decrease in opioid use in these patients.[53] 
Yakovlev and Resch have reported a case in which SCS 
has produced excellent relief of urinary incontinence 
symptoms in a patient with both urinary incontinence 
and low back pain related to FBSS. In this patient, SCS 
has been effective in controlling the urinary voiding 
dysfunction symptoms, but the use of SCS to treat these 
urinary voiding problems needs further investigation.[170]

HARDWARE AND PROGRAMMING 
PARAMETERS

The hardware consists of electrodes, extension wires, a 
pulse generator, and a programmer. The extension wires 
connect the leads to the pulse generator device. As 
mentioned earlier, two types of electrodes are currently 
commercially available: Cylindrically shaped percutaneous 
electrodes and paddle-type surgical ones. The features of 
each type and their differences can be seen in Table 5. 
Also, the leads vary in type according to other features, 
such as, the number of contacts (up to 16 or 20, depending 
on the type of electrode), electrode shape, configuration, 
spacing, and length. The number of electrodes used in 
each case depends on the disease to be treated, as well 
as the surgeon’s preference. Many physicians prefer to 
implant a generous number of electrodes, as the pain 
pattern may change or the lead can migrate; thus, if this 
occurs, it can be solved electronically.[23,83,108,126,127]

Three pulse generator systems are currently available: 
Radiofrequency system, external pulse generator, and 
the a fully implantable one. The former is a telemetric 
system in which a receiver is implanted under the skin 
and the transmitter is placed externally on a belt, without 
using a battery. Energy is telemetrically transmitted from 
the outside. Fully implantable pulse generators have 
replaced radiofrequency receivers and external pulse 
generators, which have been commonly seen in the 
past. Nowadays, external pulse generators are used to 
stimulate the electrodes through a disposable lead during 
the trial, which lasts from three days to three weeks. 
Throughout the trial period, the external pulse generator 
can be activated or deactivated by the patient, allowing  
him/her to become familiar with the basic control of 
the amplitude and the sensation of paresthesia, which 

[Table 1]. Spinal lumbar stenosis in patients who are 
not surgical candidates may be treated successfully with 
SCS.[2,98] Simultaneous use of SCS and peripheral nerve 
field stimulation appear to increase the efficacy of both 
methods for low back pain due to failed back surgery 
syndrome and / or spinal stenosis.[104]

Cervical SCS has been hypothesized to be useful in 
the treatment of cerebral vasospasm after subarachnoid 
hemorrhage, as several experiments in animals and 
research in humans have demonstrated an increase in 
cerebral blood flow (CBF). Spinal cord stimulation works 
in different ways, such as, preventing vasoconstriction of 
the cerebral arteries by functional sympathectomy, acting 
at the lower cervical levels, and increasing CBF through 
the central pathways at the upper cervical levels. Slavin 
et al. carried out a prospective study in 12 aneurysmal 
subarachnoid hemorrhage patients, who underwent 
implantation of an eight-contact electrode, with the aim 
of establishing the safety of this intervention. There were 
no complications related to the electrode insertion and 
patients were stimulated for 14 consecutive days or until 
discharge.[36,138] This is still under research.

Cervical SCS is also used for several pain conditions, 
such as, occipital neuralgia, Raynaud’s syndrome, and 
chronic intractable pain located in head, face, jaw, neck, 
shoulder, or upper extremities.[98,105,154,167] Tomycz et al. 
have implanted paddle leads in the cervicomedullary 
junction in patients with intractable head or facial 
pain, and they conclude that patients suffering from 
trigeminal deafferentation pain, trigeminal neuropathic 
pain, and post-herpetic neuralgia may respond 
favorably to SCS, whereas, patients with occipital 
neuralgia are rarely relieved by this technique.[154] 
The results of SCS for post-herpetic neuralgia are 
controversial.[41,50,98] Herke et al. have reported that 23 
out of 28 patients with post-herpetic neuralgia and 
four out of four patients with acute herpes zoster have 
experienced pain relief after SCS.[41] Iseki et al. believe 
that limited-duration SCS for subacute post-herpetic 
neuralgia is a useful treatment, which may be able 
to prevent the pain from progressing to chronic post-
herpetic neuralgia.[50]

Post-thoracotomy pain syndrome is defined as pain that 
occurs or persists in the area of the thoracotomy incision 
for at least two months following the initial procedure, 
and SCS may be effective in treating this type of pain, as 
the neuropathic component can be predominant in these 
patients.[38,89]

Spinal cord stimulation could increase exercise tolerance 
and produce pain relief in patients with painful diabetic 
neuropathy. The technique should be considered in 
these patients when they do not respond to conventional 
treatment, and its effect could last for a long time.[21,54,98,152]  

Furthermore, Kapural et al. reported a case of diabetic 
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µA, 10 – 40 Hz), while higher values of these variables 
produce neuronal inhibition (40 – 80 µA, > 60 Hz). The 
stimulus amplitude must be less than the threshold for 
motor responses and uncomfortable sensations, which 
is generally 1.4 times the amplitude related to the initial 
paresthesia.[31,46,49,83,108,110,117,123,128,160,161,172] A cathode is a 
negatively charged electrode, which may make a neuron 
nearby more electrically positive or depolarized, leading it 
to trigger an action potential or facilitating it. A neuron 
can be hyperpolarized, with the subsequent raising of 
its threshold for action potential, by a positively charged 
contact or anode. Stimulation between two contacts is 
known as bipolar stimulation, in which one contact is used 
as a cathode and the other as an anode. The electrons run 
from the former to the latter, going through the stimulated 
tissue, which is determined by the distance between the 
two contacts. During monopolar stimulation, the electrons 
go from the contact (cathode) to all directions, as the 
anode, which is usually the implanted pulse generator, 
is placed very far from it. Thus, the stimulated area is 
less predictable in monopolar stimulation. Although the 
programming parameters depend on each patient, they are 
usually within the following ranges: Amplitude: 3 – 10 mA, 
frequency: 10 – 40 Hz, pulse width: 60 – 450 msec. Spinal 
cord stimulation is used either in an intermittent or in a 
continuous stimulation mode; the last is probably more 
effective for patients who have shorter pain-free intervals 
following the cessation of stimulation.[16,46,83,117,161,168,171]

Spinal cord stimulation must produce an electrical 
field that stimulates the spinal cord structures, without 
stimulating the nearby nerve root. Typically, the lead is 
several levels above the desired area to be covered by 
paresthesia [Table 6]. If the lead is close to the midline, 
the electrical field will reach the spinal cord before 
reaching the nerve root, whose stimulation produces 
paresthesia only in its corresponding dermatoma. As 
the dorsal root sensory fibers have a low threshold, it is 
essential that the lead be located close to the physiological 
spinal cord midline, to avoid recruitment of the root. 
Moreover, the cerebrospinal fluid layer at the thoracic 
spinal cord is thicker than at other levels, leading to an 
increase in the amplitude needed to reach the spinal cord 
targets, which increase the possibility of stimulation of 
the dorsal root nerves. Thus, it is difficult to relieve axial 
low back pain, as the fibers that innervate it are located 
lateral to the sacral segment´s axons, within the dorsal 
column. It is difficult to evoke paresthesia along the 
physiological midline. Spinal cord stimulation has been 
carried out with single electrodes for decades. However, 
it has been noted that a single percutaneous electrode 
cannot cover pain in the midline and in the bilateral 
dermatomes accurately. Dual multi-contact electrode 
systems have been developed, with the idea that two 
electrodes can be positioned close to the midline on each 
side, which will extend the electrical field, and therefore, 

must correspond with the area of pain. Implantable ones 
are more comfortable for the patient, but they require 
additional procedures to replace the battery. Depending 
on its parameter configurations and its usage, most 
patients can expect a battery life of 2.5 to 4.5 years. 
Rechargeable and implantable pulse generators are 
commercially available, and a battery life of up to 10 
years is expected. Fully implantable, multi-channel, and 
multi-programmable pulse generators connected to dual-
lead, multi-contact electrodes are the most versatile tools 
for SCS today.[49,51,83,108,126,127,135]

The programmer is used to adjust the stimulation 
parameters of the pulse generator, such as, the amplitude, 
frequency, pulse width, and polarity.[83,108,161] Biphasic 
discontinuous or alternating electric current, also known 
as Lilly pulses, is used in neuromodulation. The amplitude 
refers to the amount of charge generated, which is provided 
in volts (V) or amperes (A), whereas, the frequency is the 
pulse rate and is measured in Hertz (Hz). The pulse width 
is the duration of the current delivered and it has been 
seen that the area of paresthesia extends caudally with 
increasing pulse width. The smallest dorsal column fibers 
can be activated only when the pulse width is sufficiently 
large. Impedance is the resistance of the leads to the current 
flow and is given in Ohms. The physician must keep in 
mind that the higher the energy utilized, the shorter 
the battery life. It is thought that electric current over 
800 µA can create a neuronal lesion. Lower frequency and 
amplitude are used to elicit neuronal excitation (5  –   15 

Table 5: Percutaneous and surgical  
leads[6,23,66,81,83,113,127,161]

Cylindrically shaped 
electrodes

Paddle-type 
electrodes

Introduction Percutaneous (Tuohy 
needle)

Surgical 
(laminectomy)

Anesthesia Local General, although 
local anesthesia may 
be used in minimally 
invasive procedures

Invasiveness of the 
procedure

Low High

Likelihood of 
migration

High Low

Electrode fixation Difficult Easy
Number of 
electrodes

Up to 16 May be multi-channel, 
up to 20 electrodes

Battery usage Higher (cylindrical in 
shape, makes them 
less energy efficient)

Lower (flat shape 
makes them more 
energy efficient)

Breakage rate of the 
electrode

More common Less common

Location Epidural Epidural 
Impedance Higher Lower
Trial Suitable Not suitable
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allow for generation of paresthesia in every necessary 
dermatome. Separate programming of each electrode 
and contact has led to an almost unlimited number of 
combinations of the contacts on each electrode and 
between the pairs. In spite of these advances and some 
clear advantages, there is no adequate evidence in the 
literature which establishes that the results of a dual 
electrode SCS are definitely better than the outcome of 
a single electrode SCS. Transverse tripolar configuration 
with one central cathode (+, -, +) may be used to 
achieve a more accurate delimitation of the stimulated 
area, as it can recruit the deeper dorsal column fibers, 
but without producing dorsal root activation. Tripolar 
stimulation seems to be useful in reducing axial back 
pain, which is more difficult to treat than the radicular 
one.[47,51,98,116,117,126] A five-column paddle electrode has 
recently been developed and approved by the Food and 
Drug Administration. This lead is thought to have more 
precise field control, allowing for modulation of a greater 
lateral area of the spinal cord, which is useful for treating 
low back pain.

CONCLUSION

Spinal cord stimulation is a useful tool for neuromodulation, 
if accurate patient selection is carried out previously, 
which must include a trial period. Undoubtedly, this 
proper selection and a better knowledge of its underlying 
mechanisms of action, will allow this cutting edge 
technique to be accepted more among pain physicians.
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