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Abstract: Background: Trigeminal neuralgia is a chronic disease characterized by intense facial
pain that is caused by trigeminal nerve affectation. It usually affects adults from 50 years of age,
and is more frequent in women. Additionally, it presents serious psychological effects that often
lead to depression,  which is  why it  is  considered highly disabling.  The therapeutic approach is
based on the modification of nerve activity through electrical, surgical or chemical stimulation in
specific regions of the nervous system.

Objective: To perform a meta-analysis of the scientific literature related to invasive and non-inva-
sive electrical neuromodulation of trigeminal neuralgia, in order to assess their effects over pain
and adverse effects.

Methods: A literature search was conducted in 4 databases, followed by a manual search of articles
on invasive or non-invasive electrical neuromodulation to control the pain of trigeminal neuralgia,
including the last 15 years.

Results: Regarding non-invasive methods, clinical trials did not present enough results in order to
perform a meta-analysis. Regarding invasive methods, clinical trials meta-analysis showed no sta-
tistical differences between different treatment methods. In all cases, improvements in patients'
pain were reported, although results regarding adverse effects were variable.

Conclusion: In the treatment of trigeminal neuralgia, the continuous radiofrequency provides bet-
ter short and medium-term results, but pulsed radiofrequency shows less adverse effects after treat-
ment, and has better results in the long-term.

Keywords: Neuromodulation, trigeminal nerve diseases, trigeminal neuralgia, transcutaneous electrical nerve stimulation, ra-
diofrequency therapy, meta analysis.

1. INTRODUCTION
Neuropathic  pain  is  pain  that  arises  as  a  direct  conse-

quence of a lesion or diseases affecting the somatosensory
system [1]. Neuropathic pain is diagnosed based on common
neurologic signs and symptoms. It is best treated with a com-
bination of multiple therapeutic approaches, and treatments
including conservative, complementary, medical, interventio-
nal, and surgical treatment modalities [2].

Trigeminal  neuralgia is  a physiopathological  condition
defined as sudden, severe, brief, stabbing, and recurrent pain
within the distribution of one or more branches of the trigem-
inal nerve  [3-6]. It is a severe  facial pain  disorder  that  has
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been studied for decades [7]. It is characterized by recurrent
unilateral brief electric shock-like pains, abrupt in onset and
termination, limited to the distribution of one or more divi-
sions of the trigeminal nerve and triggered by innocuous sti-
muli. It may develop without apparent cause or be a result of
another diagnosed disorder. Additionally, there may be con-
comitant  continuous  pain  of  moderate  intensity  within  the
distribution of the affected nerve division [8]. Middle-aged
adults mainly suffer from it, since an important risk factor of
this disease is being over 50 years of age; only 1% of those
affected are under 20 years of age when trigeminal neuralgia
is diagnosed. It affects more women than men, with a ratio
of 2-3:1 [9, 10]. Ethnic or geographical predisposition is un-
known [11-13].

Trigeminal neuralgia makes up the group of neuropathic
pain conditions along with postherpetic neuralgia, painful di-
abetic peripheral neuropathy and glossopharyngeal neural-
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gia. It is is one of the most frequent conditions with an inci-
dence of 2-13 per 100000 inhabitants per year [9, 14], and in-
creasing up to 25 per 100,000 per year in people aged more
than 70 years [6, 15, 16]. It is estimated that there are about
15000 to 40000 patients affected worldwide, though due to
the  misdiagnosed  cases,  the  exact  number  is  not  known
which should be much higher [17]. Trigeminal neuropathy
has been seen in higher rates in those diagnosed with arterial
hypertension, multiple sclerosis, Charcot-Marie-Tooth neuro-
pathy, and glossopharyngeal neuralgia [15].

Headaches and facial  pain can be difficult  to  diagnose
and treat often because of the confluence of complex anatom-
ic  structures  and  sensory  systems.  The  trigeminal  cranial
nerve (CN V) and its ophthalmic (CN V1), maxillary (CN
V2), and mandibular (CN V3) divisions provide sensory inn-
ervation to the face via  their  cutaneous terminal branches.
These  branches  relay  sensory  input  and  converge  at  the
Gasserian ganglion (also known as trigeminal or semilunar
ganglion) located in Meckel’s cave. Cutaneous branches of
each such as the supraorbital, infraorbital, and mental nerves
can be targeted for various therapeutic interventions [14].

The  resulting  facial  pain,  usually  for  a  short  period  of
time, occurs in multiple forms and can be described by the
patients  as  “stabbing”,  “electric  shock”,  “burning”,  “pres-
sure”, “crushing”, “explosion”, “shooting”, “shocking”, “mi-
graine”, “drilling”, “puncture” or a combination of these [4,
16,  18-20].  Irrespective  of  the  clinical  manifestation,  the
quality of life of the subjects diagnosed with trigeminal neu-
ralgia is severely affected by changing their daily activities
and leading to different degrees of disability and periods of
anxiety, which could go from moderate to severe. Pain can
follow from an innocuous stimulus at the trigeminal nerve
distribution [8]. It is mentioned that affected patients that de-
velop certain disability degrees represent up to 45% of the to-
tal. These kinds of patients can be so affected that they need
to stay away from their daily life activities up to 15 days in
the last 6 months. It is important to state that the same study
reported that one-third part of studied patients were having
moderate to severe depression (35.7%), and half of those pa-
tients  suffered  from  anxiety  episodes  directly  related  to
trigeminal neuralgia (50%) [21]. Discomfort occurs despite
the fact that in general, the pain completely disappears be-
tween episodes of crisis. Based on the aforementioned fact,
trigeminal neuralgia is classified into type I and type II. The
first type is characterized by pain-free periods between at-
tacks and the second type is characterized by constant pain
[19, 22-24].

It must be mentioned that anxiety attacks increase both
in intensity and in frequency. It is because the episodes be-
tween crises, despite being “painless”, commonly trigger a
lack of appetite or inability to speak, in addition to the fear
caused by “being waiting” for the next episode of pain [23,
25].

On the other hand, an attempt has been made to establish
a unified criterion for the classification of trigeminal neural-
gia in such a way that establishes three criteria for its group-
ing:  regarding  the  persistence  of  pain,  which  has  already

been mentioned, regarding the etiology of the neuralgia that
will be discussed later and third, based on the type of vascu-
lar injury that precedes it [19, 26]. According to the authors,
trigeminal  neuralgia  is  classified  into  the  usual  offenders
such as a superior cerebellar artery or anterior inferior cere-
bellar  artery  loop with  or  without  a  superior  petrosal  vein
loop  (group  I).  The  unusual  vascular  offenders  (group  II,
with a higher incidence of atypical pain and sensory impair-
ment) comprise unusual arterial loops (group IIa), pure ve-
nous compressions (group IIb, which shows a higher inci-
dence of postoperative hemorrhagic complications) and vas-
cular diseases (group IIc) [26].

As previously mentioned, trigeminal neuralgia occurs on
at least one or more of the three branches of the trigeminal
nerves, in a way that in most cases, only one branch is affect-
ed, either the maxillary or mandibular nerve (60%), whereas
in one-third of the cases, both branches are affected (35%).
By contrast, a very small proportion of cases (4%), are relat-
ed  to  patients  with  damage  to  the  frontal  branch  of  the
trigeminal nerve [27]. Anyway, the direct contact of the ves-
sels with specific fibres of the nerve plays a role in the gene-
sis of the neuralgia [28]. It suggests an association between
the location of  the neurovascular  conflict  and its  resulting
distribution of the pain. The simplest explanation to these ob-
servations is that the nerve has some degree of the somato-
topic organization of its fibres maintained along the root. As
a consequence, the focal compression of the no neurovascu-
lar contact plays a role in the clinical manifestation of the
neuralgia.

The  suggested  etiology  for  trigeminal  neuralgia  is  ex-
tremely varied, including demyelination, perception irregu-
larities at spinal cord level, axon compression, alteration in
pain mechanisms at cortical and/or basal ganglia levels, par-
ticularly a decrease in the number of μ-opioid receptors, hy-
perpolarization of sensory neurons or neurovascular conflict,
to mention a few examples [29, 30]. It is interesting to men-
tion that those neuroplastic changes in the trigeminal neural-
gia  patients  were  confined  to  cortical  systems  associated
with pain experience and modulation, especially associated
with  the  μ-opioidergic  system,  arguably  one  of  the  mech-
anisms centrally involved in the regulation of multiple as-
pects of the pain experience [30, 31].

This causes trigeminal neuralgia to be classified as classi-
cal, idiopathic and secondary [32, 33]. It is important to men-
tion that  pain episodes are  usually  triggered by stimuli  on
the affected side of the face, which under normal conditions
would be harmless, such as a light touch on the face, tooth
brushing, chewing, cold wind on the face, and even normal
activities like talking.

The idiopathic variants represent 10% of the affected pa-
tients and these, even after undergoing clinical studies such
as MRI or different surgical procedures remain undiagnosed
in terms of etiology [19]. The idiopathic variant is defined as
no neurovascular contact (NVC) or NVC without morpho-
logical changes of the trigeminal root. In contrast, in the clas-
sical variant, the main feature is vascular conflict, especially
vascular  compression  at  the  root  of  the  trigeminal  nerve,
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which  in  turn  causes  nerve  root  atrophy  and/or  displace-
ment. The classical form of trigeminal neuralgia is defined
as due to a neurovascular compression with morphological
changes in the trigeminal root. Finally, the secondary variant
is the most rare and tangential to tumors or vascular malfor-
mations, in addition to being associated with multiple sclero-
sis. It should be mentioned that this secondary variant is of-
ten preceded by bilateral trigeminal neuralgia, since most af-
fected patients suffer from the classical unilateral variant. Al-
so,  two  phenotypes  were  classified:  purely  paroxysmal
trigeminal neuralgia (with paroxysmal pain only) and trigem-
inal neuralgia with concomitant continuous pain [19, 33].

It does suggest that the trigeminal nerve with a clear-cut
vascular compression is not a general disease of the trigemi-
nal system but a focal one. It may also be the case that bio-
logical  and  genetic  factors  create  an  increased  fragility  of
the nerve in certain subjects and that the vascular conflict is
only a precipitating factor [28].

Given the difference in etiological patterns suggested for
trigeminal neuralgia,  the therapeutic approach is also very
different. In the classical variant, the initial treatment is phar-
macological,  based  on  a  single  dosage  of  anti-epileptic
drugs, mainly carbamazepine or oxcarbazepine, with an ef-
fectiveness of up to 70% in reducing pain [5, 10, 34]. How-
ever, in non-respondent patients, more invasive treatments
such as nerve blocking or surgical interventions may be pos-
sible [35]. Unfortunately, although neurosurgical treatments
are capable of eliminating trigeminal neuralgia entirely, in
some cases, 20-30% of patients do not show improvement
1-year post-surgery [36].

Additionally,  it  is  really  important  to  remember  that
most of the affected patients are older adults so polypharma-
cotherapy, common for this age group, often leads to undesir-
able drug interactions, which can include comorbidity and
changes in the pharmacokinetics and the pharmacodynamics
of the drugs used. Psychosocial comorbidities are known to
play a significant role in the risk of developing, and progres-
sion of, chronic neuropathic pain syndromes. It is mentioned
that there is a selectively altered affective circuit in patients
with trigeminal neuralgia which may be related to their expe-
rience of negative affect and the comorbidity of mood and
anxiety disorders seen in this population [36-38].

On the other hand, the side effects of anti-epileptic drugs
often include central nervous system alterations such as loss
of  balance,  nausea,  sickness,  drowsiness,  kidney  dysfunc-
tion, and/or heart rhythm disturbances, to mention a few ex-
amples;  these are  the situations that  are  detrimental  to  the
quality of life of patients suffering from trigeminal neural-
gia, and which in turn, create a vicious circle when receiving
pharmaceutical treatment [36]. Thus, these medications of-
ten lead to side effects that lead to a reduction in use by 27%
and 18% of responding patients,  respectively [39].  This  is
why it is very important to look for non-pharmacochemical
alternatives in order to treat this condition, whether they are
invasive or not.

One of the most modern and widely used invasive meth-
ods to treat trigeminal neuralgia is radiofrequency (RF) ther-

mocoagulation,  which  despite  being  considered  safe  and
minimally invasive, often results in neuronal destruction and
collateral complications. This method is based on the genera-
tion of a radiofrequency current that passes from the elec-
trode to the target tissue, mobilizing tissue ions to the electri-
cal field produced, causing the heating of the tissue and the
subsequent coagulation and protein denaturation, in addition
to neural destruction, and finally blocking the pain-signaling
cascades. A variant of this method that has been widely ac-
cepted  by  health  professionals  and  patients  themselves  is
pulsed RF. This RF system generates an alternating current
of 20 milliseconds in duration and 480 milliseconds inter-
vals. This alternating treatment is proposed to produce a mo-
dulation of the pain instead of blocking it, so it is said to be
a safe and effective treatment for combatting various forms
of  pain.  However,  this  invasive  method  can  cause  severe
side effects such as facial discomfort, dysesthesia, anesthe-
sia dolorosa and corneal anesthesia. A very few studies have
been published to date on the effects of RF in trigeminal neu-
ralgia [36].

On the contrary, there are also other methods to treat this
pathology that  are  non-invasive  and non-pharmacological.
Non-pharmacologic  therapies  have  become  a  vital  part  of
managing  chronic  pain.  Although  these  can  be  used  as
stand-alone therapies,  non-pharmacologic treatments often
are used to augment and complement pharmacologic treat-
ments. Non-pharmacologic approaches can be classified as
behavioral, cognitive, integrative, and physical therapies (1).
Among these non-invasive methods is the use of therapeutic
laser, which reduces pain through the local reduction of his-
tamine, acetylcholine, bradykinin and prostaglandins while
leading  to  an  increase  in  the  concentration  of  serotonin,
acetylcholinesterase, ATP, beta endocrines, enkephalins and
aerobic metabolism, lymphatic drainage and pain threshold.
However, there are only a few studies on the effect of laser
in the management of trigeminal neuralgia pain. Additional-
ly, transcranial direct current stimulation (tDCS) is another
non-invasive method to choose in the treatment of trigemi-
nal neuralgia. This method modulates cortical excitability of
the motor cortex based on the direction of the electric cur-
rent, which could be anodal or cathodal, while maintaining
the neuromodulation effect even after electrical stimulation.
In this way, there is a modulation membrane potential in neu-
rons of the stimulated cortical area, mediated by N-methyl-
D-aspartate (NMDA-R) receptors [40]. As another non-inva-
sive,  non-pharmacological  treatment  method,  we  can  find
prolonged transcutaneous electrical nerve stimulation (TEN-
S). TENS has been widely used to induce hypoalgesia and
for pain relief for more than 40 years [41, 42]. It is effective
in reducing both acute and chronic pain, like in muscle and
connective tissue disorder such as arthritis, backache, cervi-
cal pain, bursitis and in neurological conditions like causal-
gia,  carpal  tunnel  syndrome,  peripheral  neuropathy  and
other miscellaneous disorders, according to medical litera-
ture [43]. TENS produces electro-analgesia probably by one
or several of the following mechanisms: Presynaptic inhibi-
tion in the dorsal horn of the spinal cord, endogenous pain
control (via endorphins, enkephalins, and dynorphins), and



Invasive and Non-Invasive Electrical Neuromodulation Current Neuropharmacology, 2021, Vol. 19, No. 3   323

direct inhibition of an abnormally excited nerve and restora-
tion of afferent input [44]. Also, TENS is inexpensive, non-
invasive and safe with no major side effects and can be self-
-administered by patients following simple training. Hardly
any studies are reported which have specifically used or rec-
ommended the use of TENS in the treatment of trigeminal
neuralgia [43].

Due to the lack of  information found on the effects  of
the different treatments of invasive and non-invasive neuro-
modulation in trigeminal neuralgia and its relationship with
adverse  effects,  it  was  decided  to  carry  out  research  that
shed light on the effect of these methods on pain, and the oc-
currence of side effects after its application. To this end, it
was decided to perform a meta-analysis in which, the advan-
tages  and  disadvantages  of  invasive  versus  non-invasive
methods in the treatment of trigeminal neuralgia were ana-
lyzed.

2. MATERIALS AND METHODS

2.1. Selection Criteria
This systematic review was performed in line with PRIS-

MA  recommendations,  using  the  acronym  PICO.  Popula-
tion: individuals suffering from trigeminal neuralgia. Inter-
vention:  invasive  or  non-invasive  neuromodulation.  Com-
parison: invasive or non-invasive neuromodulation or place-
bo.  Outcomes:  Variables  on  the  existence  and  measure  of
subjective  pain.  Eligible  studies  to  be  used at  the  revision
stage  were  randomized  clinical  trials  conducted  up  to  15
years ago. Studies on invasive and non-invasive neuromodu-
lation were  included regardless  of  type and dose.  In  addi-
tion, only studies written in English or Spanish, which re-
ceived at least three points in the Jadad scale, were selected.
Such criteria ensure methodological and intervention quali-
ty, and provide specific information for health professionals
treating these types of patients. Exclusion criteria were ani-
mal studies, reviews, clinical cases, cohort studies, case-con-
trol studies, conference abstracts, books and dissertations

2.2. Search and Selection of Articles
Three  independent  authors  conducted  an  electronic

search from 14 November to 20 December 2019. The elec-
tronic article search was carried out in PubMed/Medline, Pe-
dro, Cochrane Central Register of Controlled Trials and Vir-
tual Health Library databases. The search of complete arti-
cles  was  performed  using  the  following  search  terms
“trigeminal  neuralgia”,  “Trigeminal  neuralgia  AND  elec-
trotherapy”, “trigeminal neuralgia AND physical therapy mo-
dalities”, “trigeminal neuralgia neuromodulation”, “(“Trans-
cutaneous  Electric  Nerve  Stimulation”  AND  “Trigeminal
Neuralgia”)”, “(“trigeminal neuralgia” OR “Facial Neural-
gia” OR “Trigeminal Ganglion neuralgia”) AND (“Transcu-
taneous Electric Nerve Stimulation” OR “Neuromodulation
Therapy” OR TENS)”, “(“Transcutaneous Electric Nerve Sti-
mulation”  OR  TENS  OR  “electric  neuromodulation”  OR
neuromodulation  OR  “Neuromodulation  therapy”)  AND
(“trigeminal neuralgia” OR “trigeminal neuropathy” OR “fa-
cial neuralgia” OR “gasser neuralgia”)”, (“trigeminal neural-

gia” AND “electrical stimulation”). Studies were first ana-
lyzed by carefully reading the titles and abstracts. After ex-
cluding those articles that did not meet the inclusion criteria,
the  remaining  full  texts  were  read  critically  and  some  of
them were selected to be included in the results section of
this study. Once identified, articles were selected according
to the relevance of their title and abstract, and two indepen-
dent reviewers critically read the full texts in order to deter-
mine  if  they  were  included.  Consulting  a  third  reviewer
solved any discrepancies. In order to find more potential arti-
cles, a search in the references of the studies included was
carried out. Duplicated references were manually eliminat-
ed.

2.3. Data Extraction
Data extracted were authors, year, sample, comparison,

duration, pain outcomes and adverse effects. Data concern-
ing the pain were selected both, as subjective pain sensation
measured by Visual  Analogic  Scale  (VAS),  Numeric  Pain
Rating  Scale  (NPRS)  or  similar  scales,  and  as  percentage
pain reduction or a number of pain-free patients after the in-
tervention. Data on adverse effects were taken as a number
of patients suffering from adverse effects. Those articles that
did  not  clearly  state  the  different  adverse  effects  a  patient
could have, it was assumed that only one adverse effect oc-
curred for each patient. Numerical data to perform the meta-
analysis  were  extracted  by  a  reviewer,  and  checked  by
another one. Differences of opinion between reviewers were
resolved by discussion. Values were entered into Microsoft
Office Excel 2013 data management program, and analyzed
with Stata 14 (StataCorp).

In order to investigate the effects of neuromodulation on
trigeminal neuralgia, several analyses were performed. The
effects of invasive neuromodulation were studied from dif-
ferent  perspectives:  a  comparative  study  of  pulsed  versus
continuous radiofrequency over time; a comparison between
different voltages for pulsed radiofrequency; and the occur-
rence of adverse effects in continuous and pulsed radiofre-
quency. Due to the lack of data reported (both raw and de-
scriptive or inferential) in studies on non-invasive neuromod-
ulation using laser therapy, and the impossibility of making
comparisons with the only study found, which met the inclu-
sion and exclusion criteria, on anodal transcranial direct cur-
rent, meta-analyses on these issues could not be performed.

In relation to the effects of radiofrequency on pain and
on the occurrence of adverse effects, several meta-analyses
were performed using raw data on group size, patients with
and without pain, and patients with and without adverse ef-
fects extracted directly from the articles, in order to obtain
the risk difference by using DerSimonian and Laird random
effects method. Application of Q-homogeneity tests was not
considered necessary because a random-effects model was
used,  since  this  model  considers  the  homogeneity  of  the
studies  in  the  analyses  performed.  Relative  weights  were
used to be clear about the relative influence of each study
[45].  A value  of  p≤0.05 was  considered significant,  and a
95% confidence interval was used.
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2.4. Assessment of Methodological Quality
The methodological quality of the articles found was per-

formed using the Jadad scale [46], which is normally used to
assess the methodological quality of a clinical trial. The Ja-
dad scale considers those aspects related to biases concern-
ing randomization, masking and description of loss to fol-
low-up. This questionnaire is rated on the scale from zero to
five; the higher the score the better the methodological quali-
ty of the clinical trial assessed. A five-point randomized clin-
ical  trial  is  considered  rigorous.  A clinical  trial  is  of  poor
quality if its score is lower than three points. This study con-
sidered those articles that scored three points or higher on
the Jadad scale.

3. RESULTS
The search in the databases provided a total of 469 re-

sults.  After  reading  the  titles,  410  studies  were  discarded
(the main reasons were the use of languages other than En-
glish or Spanish, use of other therapies or invalid types of
study).  Nineteen repeated articles were eliminated, and 40
studies were selected after reading the abstract. After their
critical reading, 27 were discarded, as they did not meet the
inclusion and exclusion criteria. Thus, 13 studies were care-
fully read and five of them were discarded because they did
not show specific data on the subject to be reviewed. Final-
ly, eight articles were retrieved for detailed reading and dis-
cussion. Fig. (1) shows the flowchart of the selection of arti-
cles of this review.

All of the articles included in this study obtained scores
higher than three on the Jadad scale as an indicator of metho-
dological quality. Other variables studied in the different arti-
cles, apart from the subjective pain sensation perceived by
patients and the adverse effects found, were not considered,
since they were not part of the objectives of this study. In
general, the neuromodulation methods used were effective
in reducing pain, and the research focused on the differences
in the application of these methods. For invasive neuromodu-
lation, the most usual was to investigate the effects of neuro-
modulation  in  trigeminal  neuralgia  using  pulsed  radiofre-
quency,  either  compared with conventional  continuous ra-
diofrequency or pulsed radiofrequency, but using different
voltages. For non-invasive neuromodulation, the most usual
was to investigate the effect of therapeutic laser in combina-
tion with medication, compared with the application of place-
bo laser in combination with medication. Most of the arti-
cles showed measurement results at different points in time,
but in order to perform the meta-analysis, those time points
with  the  same results  were  chosen.  Regarding  adverse  ef-
fects, the most commonly reported were cephalea along the
trigeminal nerve pathway, anesthesia with or without associ-
ated pain and facial dysesthesia and paresthesia. In addition,
in some studies, in cases where intervention did not have the
desired effect, either because of the small amount of pain re-
duction or due to the appearance of unpleasant adverse ef-
fects, the intervention had to be repeated but this time, the
comparison intervention was applied in some cases. Adverse
effects  only  occurred  in  invasive  neuromodulation  treat-

ments.  Studies  concerning  non-invasive  neuromodulation
did not report any adverse effects. The main characteristics
and results of the selected articles are summarized in table 1.
Unfortunately, no results regarding transcutaneous electrical
nerve stimulation could be included in this review.

Of the articles selected, three did not show enough data
to be included in a statistical analysis. Finally, five studies
were included in the meta-analysis, in which the effects of
continuous  and  pulsed  radiofrequency,  and  standard  and
high voltage pulsed radiofrequency, were compared: Erdine
et al.  (2007) [47], Li et al.  (2012) [48], Fang et al.  (2015)
[49], Luo et al. (2017) [50] and Elawamy et al. (2017) [51].
Analyses were performed to compare the risk of suffering
from pain immediately after treatment (there seems to be a
51,92% greater risk of suffering from pain by using pulsed
radiofrequency, but the difference is not statistically signifi-
cant p=0.4117); the risk of suffering from pain one to three
months after treatment (there seems to be a 28.36% greater
risk of suffering from pain by using pulsed radiofrequency,
although  the  difference  is  not  statistically  significant
p=0.3393);  and,  the  risk  of  suffering  from  pain  six  to  12
months  after  treatment  (in  this  case,  there  seems  to  be  a
9.34%  lower  risk  of  suffering  from pain  by  using  pulsed
reradiofrequency, although the difference is not statistically
significant p=0.2846) (Table 2). Regarding the different volt-
age in pulsed radiofrequency,  there seems to be a  26,67%
and 30% greater risk of suffering from pain at three and six
months after treatment respectively by using standard volt-
age pulsed radiofrequency, which provided a statistically sig-
nificant difference (p=0.0009 and p=0.0002) (Table 3). In re-
lation to the risk of suffering from adverse effects, pulsed ra-
diofrequency showed a 31.66% lower risk of occurrence, al-
though the difference was not significant (p=0.2997) (Table
4). No comparisons could be made between studies concern-
ing non-invasive neuromodulation since the necessary data
to perform a meta-analysis was not shown.

4. DISCUSSION
This  investigation  was  conducted  aiming  at  bringing

some clarity in the treatment of trigeminal neuralgia through
the different neuromodulation techniques, both in terms of
the effects on pain and the adverse effects of the treatment.

Eight articles were selected to perform the meta-analy-
sis, although only five of them were finally included. All of
the articles received a high methodological quality, scoring
three or more points on the Jadad scale [46].

The five  articles  included in  the  analysis  were  clinical
trials  assessing the effectiveness of radiofrequency and its
different types, as a treatment for trigeminal neuralgia. Re-
garding the remaining articles, two studies assessed the effec-
tiveness of laser therapy in combination with pharmacology;
and the other one used anodal transcranial direct current as
treatment  for  trigeminal  neuralgia.  These  studies  did  not
have enough data to be included in the meta-analysis, there-
fore it has not been possible to analyze whether or not there
are differences between invasive and non-invasive neuromo-
dulation treatments (Table 1).
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Fig. (1). Study flowchart.

Articles studying laser therapy in combination with phar-
macology reported their efficiency and lack of adverse ef-
fects, which could make it an ideal therapy for this type of
condition.  However,  the  poor  quality  of  the  methodology
when reporting the results makes it impossible to extract the
data in order to establish a comparative statistical analysis.
In  both  cases,  a  decrease  in  pain  was  significant,  but  it  is
noteworthy  that  the  effects  did  not  last  more  than  four
months; however, duration was reported for only this type of
therapy (Table 2). In the case of anodal transcranial direct
current,  the  nature  of  the  therapy  in  combination  with  the
fact that it was the only article found that studied this treat-
ment and passed the Jadad scale, makes it inappropriate to in-
clude its numerical data in a comparative meta-analysis with
a completely different technique. Making a comparison be-

tween two such different techniques would not lead to inter-
esting results, or allow any useful inferences to be made for
clinicians.

Radiofrequency  ablation  is  currently  one  of  the  most
widely  used  invasive  neuromodulation  techniques  to  treat
trigeminal neuralgia, especially when the medical treatments
have failed. Radiofrequency produces a rise in tissue temper-
ature  through  a  high-frequency  current  that  circulates  be-
tween two electrodes (one placed on the external surface and
the other one on the tissue to be treated). This current gener-
ates an electric field that causes ionic vibrations, which pro-
duce thermal heat that consequently leads to the thermocoag-
ulation of the tissue [50, 54, 55]. The procedure is easy and
quick, lasting for about 10 minutes. However, computerized
tomography   equipment  is  necessary   to  guide  the   inter-
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Table 1. Summary of the analyzed articles.

Invasive
neuromodulation

Study Jadad
scale

Sample Comparison Duration Results on pain Adverse effects

Erdine et al.
(2007) [47]

4 2 groups of
20 patients

Pulsed vs. conventional Ra-
diofrequency

1 intervention
     - Pulsed Radiofrequen-
cy  group:  2  minutes  at
42º
Conventional  Radiofre-
quency  group:  60  se-
conds  at  70º

     - Pulsed radiofrequency group: Pain
decreased only in 2 of the 20 patients
and recurred 3 months later.
     -  Conventional  radiofrequency

group: patient’s pain decreased in a sta-
tistically  significant  way  (p<0.001)
from an average of 9 (7-10) to an aver-
age of 1 (0-5).

Pulsed  radiofrequency
group:
3 cases of cephalea
Conventional  radiofre-
quency group:
     -  5  cases  of

cephalea
     - 1 case de anesthe-
sia dolorosa
     - 20 cases of hypoes-
thesia and paresthesia

Li et al. (2012)
[48]

4 3 groups of
20 patients

Continuous pulsed Radiofre-
quency vs. long-duration

continuous radiofrequency
vs. short-duration continu-

ous radiofrequency

1 Ten minute interven-
tion at 42º

There were no statistically significant
differences between groups, but there

were intra-group differences (p<0.001).
In all three groups, the percentage of
pain-free patients was over 70% in 12

months.

100%  of  the  cases
showed:
     - facial dysesthesia
     - paresthesia
     - ipsilateral dry eye

Fang et al.
(2015) [49]

4 2 groups of
30 patients

Standard voltage pulsed ra-
diofrequency vs. high volt-
age pulsed radiofrequency

1 intervention
     - High voltage group:
4 minutes at 42º, highest
voltage tolerated by each
patient
     -  Standard  voltage
group: 4 minutes at 42º at
2Hz

The immediate efficiency of treatment
in the high voltage group was higher,
but not statistically significant. Howev-
er,  differences  were  observed  at  one
month, 3 months, 6 months (p=0.037)
and one year (p=0.000):
     - Standard voltage pulsed radiofre-
quency  group:  6  months  after  treat-
ment, 41% of patients showed a favor-
able  progress,  although  at  the  end  of
the  year  only  19%  efficacy  was
achieved.
     - High voltage pulsed radiofrequen-
cy group: after one year, a significant
decrease of pain was achieved in 69%
of the patients, without any recurrence.

No adverse effects
were found in any case

Luo et al.
(2017) [50]

5 2 groups of
30 patients

Standard voltage pulsed ra-
diofrequency vs. high volt-
age pulsed radiofrequency

1 intervention
     - High voltage group:
2 minutes, 2 times, at 42º,
highest  voltage  tolerated
by each patient
     -  Standard  voltage
group: 2 minutes, 2 times
at 42º at 2Hz

There were statistically significant dif-
ferences  between  both  groups  at  one
month (p=0.028), 3 months (p=0.028),
6  months  (p=0.015)  and  one  year
(p=0.007)  after  the  application  of  the
technique:
     -  High  voltage  group:  7  patients
with more than 50% pain decrease af-
ter  one  month,  2  patients  after  3
months, 3 patients after 3 months and 7
patients  after  one year.  The treatment
response rate was 90%.
     - Standard voltage group: 2 patients
with more than 50% pain decrease af-
ter  one  month,  2  patients  after  3
months,  4 patients after 3 months y 5
patients  after  one year.  The treatment
response rate was 60-67%.

     -  High  voltage
group: 8 cases of anes-
thesia in the infraorbi-
tal nerve area.
     -  Standard voltage
group: 4 cases of anes-
thesia in the infraorbi-
tal nerve area.

Elawami et al.
(2017)

[51]

3 3 groups of
20, 11 and
12 patients
respectively

Continuous and pulsed ra-
diofrequency vs. continuous

radiofrequency at 75º vs.
pulsed radiofrequency at

42º

1 intervention
     -  Continuous  and

pulsed  radiofrequency
group: 270 seconds at 60º
     -  75º  continuous  ra-
diofrequency group:  270
seconds
     - 42º pulsed radiofre-
quency  group:  10
minutes

There were no statistically significant
differences between groups,  but  there
were intra-group differences:
     - Continuous and pulsed radiofre-
quency  group:  pain  decreased  from
9.15±1.13 to 0, 2 years after the inter-
vention (p=0.000).
     -  75º  continuous  radiofrequency
group: pain decreased from 9±0.89 to
1.18±0.18,  2  years  after  the  interven-
tion (p=0.0001).
     - 42º pulsed radiofrequency group:
pain  decreased  from  8.67±2.53  to
1.83±0.36,  2  years  after  the  interven-
tion (p=0.0001).

     -  Continuous  and
pulsed  radiofrequency
group:  5  cases  of  ad-
verse effects.
     - 75º continuous ra-
diofrequency  group:  4
cases  of  adverse  ef-
fects.
     - 42º pulsed radiofre-
quency  group:  3  cases
of adverse effects.
     Bleeding, “fits”, he-
matomas,  neuralgia,
masseter weakness, dys-
esthesia,  vomiting  and
the  need  to  repeat  the
surgery were reported.
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Non-invasive
neuromodulación

Amanat et al.
(2013) [52]

3 2 groups of
12 and 14
patients

respectively

Laser in combination with
carbamazepine vs. placebo
laser in combination with

carbamazepine

10  sessions  3  times  a
week.
     - Carbamazepine: Ac-
cording  to  doctor´s  pre-
scription to each patient
     - Laser: 5 minutes at
12 mW and 12.73 J/cm2

The difference between the two groups
was not significant. Both groups

showed a significant decrease in pain
over time (p<0.0001).

In the group where laser was used in
combination with carbamazepine: pain
decreased from 7.7±1.9 to 3.5±2.8 after

2-4 months.
In the group where placebo laser was

used in combination with carba-
mazepine: pain decreased from 7.5±2.3

to 3.8±3.7 after 2-4 months.

No adverse effects
were found in any case

Ebrahimi et al.
(2018) [40]

3 2 groups of
15 patients

Laser in combination with
carbamazepine vs. placebo
laser in combination with

carbamazepine

     9 Sessions 3 times a
week.
     - Carbamazepine: 100
mg at  the  beginning  and
100  mg  after  2  days,  to
control pain.
     - Laser: 25 seconds at
200 mW and 5 J/cm2

The severity of pain was less at the end
of the treatment in the group where las-
er was used in combination with carba-

mazepine, than in the placebo group
(p=0.003).

Pain in both groups decreased over
time (from the beginning to the end of

the treatment) and this decrease was sta-
tistically significant (in the experimen-

tal group from 6/8 to 1/ 2 and in the
control group from 6/6 to 2/7)

(p=0.003). Positive results only lasted
4 months (p=0.003).

No adverse effects
were found in any case

Hagenacker et
al. (2014) [53]

3 2 groups of
10 patients

Anodal transcraneal direct
current vs. placebo

     - 20 minutes a day for
14 days.

The  difference  in  pain  reduction  be-
tween both groups was 29% (p=0.008)
     -  Transcraneal  current  group:

18%±29  pre-post  pain  decrease
     -  Placebo  group:  11%±30.8  pre-
post pain decrease

No  adverse  effects
were found in any case

Table 2. Risk of suffering from pain after treatment. Pulse radiofrequency vs. continuous radiofrequency.

Measures were taken immediately after treatment
Study Risk difference 95% Confidence interval Sample weights Random-effects Significance

Lower limit Upper limit
Erdine et al. (2007) 0.85 0.69 1.01 50% 0.4117

Elawamy et al. (2017) -0.08 -0.24 0.07 50%
Global 0.5192 0.3202 0.7181 4.59

Chi-square test for heterogeneity =1 0.32
 

Measures were taken 1 to 3 months after treatment
Study Risk difference 95% Confidence interval Sample weights Random-effects Significance

Lower limit Upper limit
Erdine et al. (2007) 1 1 1 36.6% 0.3393

Li et al. (2012) -0.03 -0.19 0.14 34.4%
Elawamy et al. (2017) -0.57 -0.90 -0.23 29.0%

Global 0.2836 0.1193 0.4479 24.57
Chi-square test for heterogeneity = 10.39 Variation % I2 due to heterogeneity= 80.75 0.0055

 
Measures were taken 6 to 12 months after treatment

Study Risk difference 95% Confidence interval Sample weights Random-effects Significance
Lower limit Upper limit

Li et al. (2012) -0.04 -0.14 0.07 52.6% 0.2846
Elawamy et al. (2017) -0.66 -0.96 -0.36 47.4%

Global -0.0934 -0.2137 0.027 10.38
Chi-square test for heterogeneity = 1 0.3173
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Table 3. Risk of suffering from pain after treatment. High voltage pulsed radiofrequency vs. standard voltage pulsed radiofrequency.

Measures were taken 3 months after treatment
Study Risk difference 95% Confidence interval Sample weights Random-effects Significance

Lower limit Upper limit
Fang et al. (2015) 0.3 0.08 0.52 49.4% 0.0009
Luo et al. (2017) 0.23 0.01 0.45 50.6%

Global 0.2667 0.094 0.439 156.54
Chi-square test for heterogeneity = 0.17 0.6767

 
Measures were taken 6 months after treatment

Study Risk difference 95% Confidence interval Sample weights Random-effects Significance
Lower limit Upper limit

Fang et al. (2015) 0.3 0.08 0.52 51.4% 0.0002
Luo et al. (2017) 0.3 0.07 0.53 48.6%

Global 0.3 0.1294 0.4706 150.53

Chi-square test for heterogeneity = 2.38e-31 1

Table 4. Risk of suffering from adverse effects after treatment. Pulse radiofrequency vs. continuous radiofrequency.

Measures were taken after treatment
Study Risk difference 95% Confidence interval Sample weights Random-effects Significance

Lower limit Upper limit
Erdine et al. (2007) -0.85 -1.01 -0.69 25.4% 0.2997

Li et al. (2012) 0 0 0 26.2%
Fang et al. (2015) 0 0 0 26.2%

Elawamy et al. (2017) -0.11 -0.49 0.26 22.2%
Global -0.3166 -0.4543 -0.1788 18.49

Chi-square test for heterogeneity = 0.17 0.4991

vention as well as all the surgical material in order to correct-
ly perform the technique [47-53, 55-59]. It is also a very re-
current technique for painful syndromes symptoms, such as
headache. Despite the fact that it is not a cause of trigeminal
nerve affectation,  it  has shown optimal results  when com-
pared with other therapies [58, 60, 61].

Several types of radiofrequency have been categorized
in  this  study:  pulsed  radiofrequency,  continuous  radiofre-
quency,  high  voltage  pulsed  radiofrequency  and  standard
voltage pulsed radiofrequency.

Regarding  the  results  of  the  studies  analyzed,  in  the
study by Li et al. (2012) [48], it was found that both pulsed
and continuous radiofrequency, of long and short duration,
are effective in decreasing pain in trigeminal neuralgia. Fur-
thermore, although 100% of participants suffered from side
effects, 70% of them did not register pain relapse at twelve
months.  On  the  other  hand,  Erdine  et  al.  (2007)  [47]  ob-
served a statistically significant improvement in the conven-
tional  radiofrequency group,  which obtained a decrease in
pain average from nine to one, according to the VAS scale.
Side  effects  were  more  frequent  in  conventional  radiofre-
quency, but the treatment was more effective.

When  comparing  studies,  pulsed  radiofrequency  was
found to have a 51.92% greater risk of suffering from pain
immediately after treatment than continuous radiofrequency.
However, this data cannot be conclusive because a 51.92%
is not indicative of a difference beyond possible chance, it is
like flipping a coin (Table 2), and so a clear recommenda-
tion towards any technique cannot be established.

When assessing the risk of suffering from pain between
the  first  and  third  month  after  treatment,  Li  et  al.  (2012)
[48],  Erdine  et  al.  (2007)  [47]  and  Elawamy et  al.  (2017)
[51] observed 80.75% heterogeneity and therefore, the simi-
larity between them cannot be accepted because the method-
ology used in the studies was highly diverse (Table 2). Thus,
the results of these tests have to be taken with caution, with-
out jumping to any hasty conclusions.  At medium-term, it
seems that it  is more likely to suffer from pain after treat-
ment using pulsed radiofrequency than continuous.

In  contrast  with  the  assessment  at  short  and  medi-
um-term, when analyzing the data obtained on the risk of suf-
fering from pain between six and twelve months after treat-
ment, pulsed radiofrequency was observed to have a 9.34%
lower risk (Table 2). In addition, when analyzing the risk of
suffering from side effects between pulsed and continuous
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radiofrequency,  pulsed  radiofrequency  showed  a  31.66%
risk of side effects occurrence after its treatment (Table 4).

In the light of the data reported in the analyses, and con-
sidering that they must be taken with caution since no statis-
tically significant results were obtained for these variables,
there seems that pulsed radiofrequency is worse at reducing
pain at  immediate  and medium-term.  However,  pulsed ra-
diofrequency shows better results than continuous radiofre-
quency in reducing pain in the long-term, and also has fewer
adverse effects (Tables 2 and 4).

Fang et al. (2015) [49] and Luo et al. (2017) [50] tried to
improve the approach to radiofrequency treatment by further
standardizing the action protocol, more specifically the volt-
age  in  the  application  of  the  technique.  In  both  protocols,
standard and high voltage treatments were applied in groups.
Temperature in all cases was 42 Celsius degrees; while stan-
dard voltage of 2Hz was applied, and the maximum tolerat-
ed by each patient was applied at high voltage. Not knowing
the exact voltage applied on each patient and not establish-
ing a standard protocol make the replication of the technique
complex and increase the bias in the results.

In  the  first  study,  the  immediate  efficiency  at  medium
and long-term was higher in the high voltage group, reach-
ing a significant decrease in pain in 69% of the patients. In
the second study, the same differences were found with the
high voltage group having the best response rate after treat-
ment (90%). In this latter study, patients whose pain reduced
to  zero  according  to  the  NRS  (numerical  rating  scale),  or
those who had a reduction of pain of at least 50% were in-
cluded. Of the 90% response rate, most reduced their pain to
zero (20,25,24,20; at one month, three months, six months
and one year respectively) however, a minority was also ob-
served who only reduced it by 50% (7,2,3,7; at one month,
three months, six months and one year respectively) [50].

After analyzing these studies, it seems that standard volt-
age pulsed radiofrequency treatment shows a greater risk of
suffering from pain at three and six months after completing
the treatment by 26.27% and 30% respectively, showing sig-
nificant differences as well. Only this data showed enough
statistic quality to draw a strong conclusion.

Other studies also evaluated patient satisfaction with re-
gard  to  the  temperature  used  during  the  application  of  ra-
diofrequency; the lowest temperature was the most satisfac-
tory with less side effects (75 degrees vs. 68 degrees) [57].

Hagenacker et al. (2014) [53] carried out an experimen-
tal  study  to  assess  the  effectiveness  of  pain  treatment  in
trigeminal neuralgia through anodal transcranial direct cur-
rent. This study could not be included in the meta-analysis
due to the lack of comparable data with the rest of the select-
ed articles. This therapy stimulated a primary motor cortex
daily for 20 minutes over 14 days using intensity 1 mA. In
this case, pain intensity was reduced significantly after two
weeks of treatment without any reported side effects (Table
1). It should also be added that this method has been used
for  decades  with  the  aim  of  improving  psychiatric  condi-
tions such as depression, pain that does not improve with the

use of conventional therapies and post-stroke disorders. Fur-
thermore, good results have been obtained in terms of reduc-
ing pain in fibromyalgia, painful phantom limb syndromes
and multiple sclerosis [62-65]. Continuous transcranial di-
rect current is a promising, non-invasive treatment that guar-
antees  minimum  adverse  effects  in  patients  who  have  al-
ready failed medical treatment; however, the same idea re-
garding  lack  of  research  and  the  need  for  more  homoge-
neous protocols for the different studies is highlighted in all
articles [65].

The two remaining articles, Ebrahimi et al. (2018) [40]
and Amanat et al. (2013) [52], included in the analysis, as-
sessed the treatment of trigeminal neuralgia with laser thera-
py. Both treatment protocols are different regarding the num-
ber  of  sessions,  duration,  dose  and  power  used  (9/weeks-
10/weeks, 25s - 5min, 5J/cm2- 12.73J/cm2, 200mW- 12mW;
respectively). This makes it impossible to compare results in
both studies, and we cannot assess which line of investiga-
tion is better to follow.

In both studies, laser therapy is supplemented with the
pharmacological treatment of Carbamazepine. Ebrahimi et
al. (2018) [40] recommend a dose of 100mg at the beginn-
ing of the treatment and another 100mg after two days if ne-
cessary,  while  Amanat  et  al.  (2013)  [52]  indicate  that  the
treatment  with  carbamazepine  will  depend  on  the  patient
and his needs. This fact causes a great bias when defining
whether the treatment using laser therapy was effective or
perhaps,  just  the  pharmacology  was  enough  to  relieve  the
symptoms. It has to be emphasized that none of these studies
registered adverse effects after treatment and that both, the
experimental  and  the  control  groups  improved  over  time.
Ebrahimi et al. (2018) [40] showed less severity of pain in
the experimental group than in the control, but these results
only lasted for four months.

In both treatments, laser therapy was applied using differ-
ent parameters. In diode laser, power can range between 0.1
and 5W. It is known that for more serious chronic processes,
a higher power must be used rather than for acute processes;
however,  in  this  case,  power  ranged  in  very  low  values
(0.2W  and  0.12W)  [66,  67].

On the other hand, carbamazepine blocks voltage-gated
Na+ channels and reduces synaptic transmission. It is very
effective in diabetic neuropathy but is most commonly pre-
scribed to treat trigeminal neuralgia. It is considered as the
first line of drug for the pain management of trigeminal neu-
ralgia (95% CI: 1.2-2.2), having an effect on the frequency
and intensity of pain. However, its complex pharmacology
may interact with other drugs and result in a long list of mod-
erate adverse effects such as nausea, drowsiness, loss of bal-
ance, dizziness and loss of appetite; or in more severe ones
such as leukopenia, thrombocytopenia, hepatitis, skin toxici-
ty and hyponatremia [40, 52, 54].

This study on laser therapy in combination with carba-
mazepine  included  participants  suffering  from  trigeminal
neuralgia, who were already receiving pharmacological ther-
apy without success, but during the treatment, they were ad-
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ministered the same medication that is generally used in the
treatment of this condition. Oxcarbazepine, structurally simi-
lar  to  carbamazepine,  seems  to  have  the  same  effects  on
trigeminal neuralgia, although having better patient satisfac-
tion and fewer side effects. Perhaps the decrease in side ef-
fects and the increase in patient treatment adherence may re-
port better results in future research [52, 68].

There  are  other  neuromodulation therapies  such as  the
use of TENS (transcutaneous electrical nerve stimulation),
ultrasound, magneto-therapy, galvanotherapy, deep brain sti-
mulation or direct motor cortex stimulation that entail the im-
plantation of electrodes over the primary motor cortex, but
insufficient scientific evidence was found on these therapies
during  the  literature  search  period,  or  the  methodological
quality  was  not  enough  to  include  them  in  the  analysis
[58-60,  69].

Nowadays,  thanks  to  the  great  progress  in  the  field  of
technology,  numerous  instruments  are  emerging  with  the
aim of improving the quality of life of people suffering from
pain. For instance, such is the case of NEAS® X SIGNAL
that emits low voltage electrical stimuli and is capable of sti-
mulating  the  nervous  system through its  galvanic  conduc-
tors. There is no scientific data or research on this technique
at  present,  but  it  is  important  to  note  that  it  acts  upon the
autonomic nervous system improving the quality of sleep, in-
creasing cell recovery and decreasing pain.

Electroacupuncture uses the TENS system in combina-
tion with traditional acupuncture, both in specific pressure
points indicated by traditional Chinese medicine, and in myo-
fascial  trigger points described by Travell  & Simons,  thus
treating  painful  syndromes  [70-73].  Also,  there  is  no  evi-
dence of this technique as a treatment for trigeminal neural-
gia in one of the languages stipulated in the inclusion crite-
ria of this paper, therefore it could not be discussed.

Numerous  articles  were  found,  which  finally  did  not
have the required methodological quality and had to be re-
jected for analysis (the score in the Jadad scale was lower
than three). The remaining eight articles were analyzed, only
obtaining claims from five of them. The other three did not
have enough data to be included in the meta-analysis. This
emphasizes the poor methodological quality of the different
clinical trials recently published on invasive and non-inva-
sive neuromodulation in trigeminal neuralgia. Systematic re-
views of interventional treatments for patients with medical-
ly refractory trigeminal neuralgia have been published a few
years  ago  [74-78].  Considered  together,  these  evi-
dence-based reviews conclude that surgical procedures di-
rected at the peripheral trigeminal nerve are either ineffec-
tive or that there is insufficient evidence to demonstrate their
effectiveness [79]. Sadly, we have no option but to agree, as
the  poor  methodological  quality  shown in  these  articles  is
not enough to affirm results.

Much more research with higher methodological quality
standards is needed, aimed at improving the approach to pa-
tients  suffering  from trigeminal  neuralgia,  in  order  to  im-
prove the impact of neuropathic pain on their lives.

CONCLUSION
There  seems  that  continuous  radiofrequency  provides

better  short  and  medium-term  results  in  the  treatment  of
trigeminal neuralgia, but pulsed radiofrequency shows less
adverse effects after treatment, and has better results in the
long-term. Similarly, no data can be concluded since there
were  no  significant  differences  in  all  results,  and  samples
were very heterogeneous.
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