
Background: Conventional radiofrequency (CRF), pulsed radiofrequency (PRF), and pulsed com-
bined conventional radiofrequency (PCRF) are widely used in the clinical treatment of trigeminal 
neuralgia (TN), collective evidence comparing the efficacy and safety of these radiofrequency 
therapies is still controversial.

Objectives: To provide additional evidence for the efficacy and safety of different radiofrequency 
therapies in the management of TN to update this section of the sys-tematic review of Wu et al 
2019.

Study Design: A secondary systematic review and meta-analysis was conducted.

Methods: Systematic database research about double-blind, randomized controlled trials (RCTs) 
was conducted based on PubMed, Embase, and Web of Science. Literature on TN in adults under 
different radiofrequency therapies was collected to evaluate pain scores, excellent pain relief, and 
occurrence of adverse effects after corresponding therapies. 

Results: A total of 11 studies, including 570 patients, were involved in our systematic review. Two 
studies from the same research team and one study with a completely different pain assessment tool 
were excluded from the meta-analysis. Ultimately, 8 studies, including 412 samples, were included 
in the quantitative synthesis. In secondary analyses, as with the report of Wu and colleagues, we 
also observed a safer outcome in PRF than CRF when regarding the occurrence of adverse effects. 
Nevertheless, unlike the last meta-analysis, despite no statistical difference in pain scores between 
CRF and PRF one week after surgery, a positive impact was observed in the CRF group one month 
and 3 months after surgery. A meta-analysis of 6 studies comparing PCRF and CRF was conducted 
and revealed no evidence to prove excellent pain relief of PCRF and CRF groups at 6 months, one 
year, and 2 years after surgery. However, a positive influence in reducing pain scores was observed 
in the PCRF group. Subgroup analysis further exhibited that PCRF positively affected TN when the 
temperature was lower than 70°C.

Limitations: (1) A small overall sample of included trials; (2) the diversity of tools used for pain 
assessment across trials, such as VAS, BNI, and NRS, limits the evaluation of outcomes; (3) a high 
risk exists for most studies in the meta-analysis for at least one domain, which may affect the 
reliability of results; (4) the short follow-up period of a few studies in the meta-analysis while the 
long-term efficacy of different radiofrequency treatments may require longer follow-up data to 
enhance the accuracy of the assessment.

Conclusions: PCRF provides better long-term efficacy and fewer adverse effects for treating TN. 
Yet, it is hard to draw definitive conclusions about excellent pain relief comparisons due to the 
moderate quality of evidence, high heterogeneity, and scarcity of available data.
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TTrigeminal neuralgia (TN) is a unilaterally 
paroxysmal neuropathic pain characterized 
as recurrent, sudden, touch-triggered, and 

tingling pain within one or more divisions of the 
trigeminal nerve (1). Although each pain attack only 
lasts for a short period, the paroxysm is unbearable 
due to its recurrence and electric shock-like perception, 
leading to disability or depression in severe cases (2). 
Accordingly, it is challenging to find a way to cure 
trigeminal neuropathic pain completely.

The radiofrequency ablation procedure is one of 
the most prominent minimally invasive therapies for TN, 
with the analgesia mechanism relevant to radiofrequen-
cy thermal coagulation of the trigeminal ganglia (3,4). 
Specifically, conventional radiofrequency (CRF) produces 
high temperatures to selectively destroy nerves using a 
high-frequency current. The thermal coagulation tem-
perature of CRF is set at 60-75°C and cycles 60 seconds 
with sensory disorders occurring simultaneously with 
pain relief (5,6). Pulsed radiofrequency (PRF) produces 
an analgesic effect on the nerve tissue with the intermit-
tent issuance of pulsed current at 42°C to reduce tissue 
destruction (7,8). Previous studies have reported that CRF 
has better efficacy than PRF in managing TN. However, 
since CRF causes frequent adverse effects (9), a growing 
number of studies are focusing on the pulsed combined 
conventional radiofrequency (PCRF) technique, which is 
based on the rationale of enhancing the effectiveness of 
CRF treatment and reducing the side effects produced 
by its prolonged action on tissues by utilizing the respec-
tive advantages of CRF and PRF (10-12). Yet, the patterns 
of radiofrequency and stimulation parameters differ 
across studies.

A previous systematic review and meta-analysis by 
Wu and colleagues has indicated the benefits of PCRF 
for patients with TN but included data for ambiguous 
time points and was insufficient to draw determinate 
conclusions (13). Also, the prior meta-analysis con-
ducted and pooled some data from the same research 
team, further creating uncertainty in the conclusions. 
Additionally, all pooled data were calculated using the 
odds ratio (OR), and the high heterogeneity test was 
discounted, perhaps leading to poor accuracy and com-
prehensiveness of the analysis.

 For the past 3 years, some new randomized 
controlled trials (RCTs) on different radiofrequency 
therapies treating TN have been published, provid-
ing additional evidence for the use of radiofrequency 
treatments for patients with TN. Thus, here we sought 
to update the prior meta-analysis and further deter-

mine the efficacy and safety of the treatment of TN in 
different radiofrequency conditions.

Methods

This meta-analysis protocol abided by the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) (14) and registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
within the number CRD42022309398.

Search Strategy
Studies published from January 2005 to December 

2021 about double-blind RCTs associated with CRF or 
PRF as advanced analgesia in patients with TN were 
searched using PubMed, Embase, and Web of Science. 
For a comprehensive search of the intended literature, 
we retrieved the subject terms including TN, radiofre-
quency therapy, RCT, and free words pertinent to MeSH 
terms within PubMed, to design a search strategy that 
can be found in Appendix 1.

Eligibility Criteria
Studies were integrated into the eligibility assess-

ment considering the following criteria: (a) Studies are 
RCTs and prospective observational trials; (b) Partici-
pants are patients with trigeminal neuropathic pain; (c) 
Initial RCTs compare the efficacy and safety of different 
radiofrequency therapies in relieving TN; (d) Full text of 
the studies are reported in the English language.

Study Selection
Two reviewers imported the literature into EndNote 

in accordance with the previous full search strategy, inde-
pendently glanced over the relevant records, and removed 
duplicates. After eliminating parts of the records based on 
the titles and abstracts, full-text articles were screened and 
assessed for eligibility to exclude articles about animal ex-
periments, case reports, meeting abstracts, and non-RCTs. 
A third reviewer made the final judgment when 2 review-
ers disagreed on excluding a study.

Data Extraction
Data were extracted from the relevant literature 

by the 2 reviewers independently, including authors, 
publication year, type of study, mean age of the 
sample, diagnosis, intervention, sample size, follow-
up duration, pain outcomes (pain scores and excellent 
pain relief), and adverse effects. A third reviewer made 
the final judgment when any disagreement occurred 
between the 2 reviewers.
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Risk of Bias Evaluation
The risk of bias in the included RCTs was assessed 

by the 2 reviewers independently, using the Cochrane 
risk-of-bias tool in the RevMan software (15). A third 
reviewer made the final judgment when any disagree-
ment occurred between the 2 reviewers.

 Seven items were embodied in the risk of bias 
tool: (a) random sequence generation, (b) allocation 
concealment, (c) blinding of participants and person-
nel, (d) blinding of outcome assessment, (e) incomplete 
outcome data, (f) selective reporting, and (g) other 
bias. Each item was divided into low risk, unclear risk, 
and high risk to indicate the quality of evidence.

Statistical Analysis
As secondary analyses, our interested primary 

outcomes, including excellent pain relief, pain scores, 
and side effects occurrence, were analyzed after col-
lecting. The World Health Organization’s evaluation 
criteria for pain relief was used to estimate excellent 
pain relief, which means a complete resolution of pain 
with no medication. Pain scores were measured by 
various scales, including the Visual Analog Scale (VAS) 
and the Numeric Rating Scale (NRS), ranging from 0 
to 10 points. The lowest point of the scale implies no 
pain, and the highest point corresponds to unbearable 
pain. The adverse effect outcomes primarily encom-
pass facial numbness, masticatory muscle weakness, 
and dysesthesia. In this study, the relative risk (RR) in 
excellent pain relief rate and complication rate was 
calculated with its 95% confidence interval (CI). The 
weighted mean difference (MD) was used for pain 
scores at numerous time points after radiofrequency 
therapy. The standard mean difference (SMD) for the 
continuous and dichotomous variable of the VAS scale 
was calculated according to the Cochrane Handbook 
(16). I2 statistic was used for heterogeneity test, and 
random-effects models were applied when I2 > 50% 
(17). Additionally, the complication rates of subgroups 
were compared based on the different temperatures. A 
sensitivity analysis was conducted using a case-by-case 
exclusion method. All analyses were performed using 
Review Manager (RevMan) Version 5.4 (The Cochrane 
Collaboration, Copenhagen, Denmark).

Results

Literature Selection
A total of 90 articles relevant to CRF, PRF, or PCRF 

treating patients with TN were retrieved through the 

database searching from January 2005 to December 
2021. After 17 duplicates were removed, 34 records 
were also eliminated by screening the titles and 
abstracts. Then, 39 full-text articles were left to be 
assessed for eligibility, and 28 records were excluded 
for various reasons. Finally, a total of 11 studies were 
included in the quantitative synthesis. The article selec-
tion process is presented in Fig. 1 (9,10,18-26).

Study Characteristics
A total of 11 studies were included in the systematic 

review, and the detailed characteristics are listed in Table 
1. Except for 2 other papers published in 2007 and 2012, 
most were issued between 2015 and 2021. The range of 
follow-up duration of included trials was 6 months, one 
year, 2 years, and even 5 years. A total of 625 patients 
participated in the initial studies, but only 570 patients 
completed the follow-up, while others were discon-
nected due to unreachable phone calls or death.

Each study included in the systematic review was an 
RCT related to different types of TN. In all included trials, 
3 studies compared the CRF and PRF therapies (9,19,20), 6 
studies compared PCRF and CRF (10,18,20,22,24,25), and 
2 studies compared CRF at different temperatures (23,25). 
A high-voltage PRF versus standard-voltage PRF could not 

Fig. 1. PRISMA flow chart of  literature selection.
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be performed in meta-analysis 
as the 2 studies were from the 
same research team (21,26). 
Furthermore, a meta-analysis 
of radiofrequency treatment at 
different temperatures (23,25) 
could not be conducted due 
to no extractable outcomes 
of interest in these 2 studies. 
Ultimately, 8 studies, including 
412 samples, were included in 
the quantitative synthesis. Four 
studies evaluated the pain 
relief efficiency using Barrow 
Neurological Institute (BNI) 
pain intensity scale. One study 
used BNI < I (24) as an effective 
result, while the 3 others used 
BIN < III (18,19,23). Addition-
ally, the primary outcomes of 
interest, such as the excellent 
pain relief and VAS pain scores 
were used in 4 trials. Most of 
the complications reported in 
included studies were facial 
numbness, masticatory muscle 
weakness, and dysesthesia.

Risk of Bias in Studies
The risk of bias assessment 

for included studies is shown 
in Figs. 2 and 3. All of the 11 
studies had an unknown level 
of bias in multiple terms, with 
most studies evaluated to have 
a high risk of bias in at least 
one term. Specifically, the high 
risk of bias in the outcome do-
mains was present in 3 studies 
because the outcome assessors 
of the 3 RCTs were aware of 
the implementation of inter-
ventions. In addition, 4 studies 
were evaluated to have a high 
risk of bias for selective report-
ing measurement because lack 
of objectivity in pain assess-
ment, which could bias the 
outcome indicators toward 
statistical differences. A
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Fig. 2. Risk of  bias 
graph for included 
studies relevant 
to radiofrequency 
therapy treating 
TN.

Fig. 3. Risk of  bias summary for included studies relevant 
to radiofrequency therapy treating TN.

Meta-Analysis

Primary Outcomes in Comparison of Conventional 
Radiofrequency and Pulsed Radiofrequency  

A total of 3 studies on the comparison of CRF 
and PRF treatments reported pain scores and ad-
verse effects involving 107 patients. Two of 3 studies 
reported the VAS pain scores (9,20), while another 
one mentioned the population of decrease in VAS 
scores ≥ 50% (19). To facilitate meta-analysis, we 
extracted data from these trials at the same points 
and calculated SMD values after integrating continu-
ous and dichotomous variables using the Cochrane 
handbook. The pooled results showed no statistical 
changes in pain score between CRF and PRF thera-
pies at one week postoperatively (SMD -0.31; 95%CI 
= -1.38 to 0.76; I2 = 83%, P = 0.01, Fig. 4A). At one 
month after surgery, the pain score of the CRF group 
was less than that of PRF (SMD -0.58; 95%CI = -0.79 
to -0.37; I2 = 5%, P = 0.3, Fig. 4B). A similar result 
was presented at 3 months postoperatively, indi-
cating that CRF could cure trigeminal neuropathic 
pain more effectively than PRF (SMD -1.00; 95%CI 
= -1.98 to -0.01; I2 = 86%, P = 0.008, Fig. 4C). Data 
of adverse effects were pooled in the meta-analysis, 
demonstrating that CRF also had a higher incidence 
of adverse reactions than PRF (RR 7.36; 95%CI = 1.07 
to 50.84; I2 = 54%, P = 0.12, Fig. 5).

Primary Outcomes in Comparison of Pulsed 
Combined Conventional Radiofrequency and 
Conventional Radiofrequency 

The incidence of excellent pain relief after PCRF 
and CRF treatment was mentioned in 4 of 6 studies 
involving 231 patients (10,20,22,24). We pooled the 
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Fig. 4. Meta-analysis of  
2 studies comparing CRF 
and PRF therapies in 
reducing pain scores for 
TN at one week (A), one 
month (B), and 3 months 
(C) postoperatively.

Fig. 5. Meta-analysis of  
3 studies comparing the 
adverse effect occurs in 
CRF and PRF treating 
TN.

results at 6 months (RR 1.22; 95%CI = 0.83 to 1.79; I2 
= 72%, P = 0.03, Fig. 6A), one year (RR 1.30; 95%CI = 
0.92 to 1.85; I2 = 70%, P = 0.02, Fig. 6B), and 2 years (RR 
1.55; 95%CI = 0.86 to 2.77; I2 = 71%, P = 0.03, Fig. 6C) 
postoperatively into the meta-analysis and found no 
evidence could prove that the excellent pain relief in 
the PCRF group was better than that in the CRF group. 
Whereas a total of 2 studies on the comparison of PCRF 
and CRF treatments reported pain scores involving 123 
patients. The results of pain scores at one year (MD 
-0.30; 95%CI = -0.43 to -0.17; I2 = 0%, P = 0.34, Fig. 7A) 
and 2 years (MD -0.75; 95%CI = -0.91 to -0.59; I2 = 49%, 
P = 0.16, Fig. 7B) after surgery (10,20) were included 
in the meta-analysis, showing that PCRF could better 
decrease the pain scores of patients with TN compared 
with CRF. Furthermore, the pooled results of adverse 
effect occurrence reported in 6 studies involving 348 
patients (10,18,20,22,24,25) demonstrated that PCRF 
decreased the incidence of adverse effects compared 
with CRF treating TN (RR 0.58; 95%CI = 0.35 to 0.96; I2 = 
60%, P = 0.03, Fig. 8).

Sensitivity Analysis
A sensitivity analysis result from meta-analysis 

relevant to the comparison of various radiofrequency 
treatments showed robustness in adverse effect occur-
rence. Due to high heterogeneity in the excellent pain 
relief, sequential exclusion of individual studies find-
ing that the study which originated from the study of 
Elawamy et al (20), led to the changes in meta-analysis 
results (Appendix Table 1). 

Subgroup Analysis
Due to the temperature of PCRF being reference-

able in treating patients with trigeminal neuropathic 
pain, a post hoc subgroup analysis of adverse reactions 
occurrence of patients with TN after PCRF treatment at 
different temperatures was conducted. The results ex-
hibited that the temperature below 70°C had a positive 
effect on TN (RR 0.46; 95%CI = 0.22 to 0.96; I2 = 42%, P 
= 0.16, Fig. 9). Whereas no statistical difference was ob-
served in the 2 groups of temperatures higher than 70°C 
(RR 0.72; 95%CI = 0.38 to 1.38; I2 = 76%, P = 0.04, Fig. 9).
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Fig. 7. Meta-analysis of  2 studies comparing PCRF and CRF therapies in reducing pain scores for TN at one year (A), and 2 
years (B) postoperatively.

Fig. 6. Meta-analysis of  4 
studies comparing PCRF 
and CRF therapies in 
excellent pain relief  for 
TN at 6 months (A), one 
year (B), and 2 years (C) 
postoperatively.

Discussion

Our systematic review was conducted to compare 
and verify the efficacy and safety of different radiofre-
quency therapies in relieving trigeminal neuropathic 
pain 3 years after the systematic review by Wu and 
colleagues reported on this topic (13). Briefly, this 
review yielded 11 trials and identified a total of 570 
patients who com-pleted the follow-up, while only 8 
of 11 studies were finally included. The other 3 stud-

ies were eliminated due to unignorable factors such as 
the data from the same research team or the unavail-
ability of data of interest. The pooled results of this 
study substantiated and strengthened prior cardinal 
findings that PRF and PCRF were safer in managing 
patients with TN. However, as the apparent limitations 
of the previous systematic review, we confirmed that, 
although no difference was reported in the analysis of 
Wu et al (2019) about cure rate between CRF and PRF 
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Fig. 8. Meta-analysis of  6 studies comparing the adverse effect occurs in PCRF and CRF treating TN.

Fig. 9. Subgroup analysis of  adverse effect occurs at different temperatures of  PCRF compared with CRF in treating TN.

(13), pain scores of short-term in CRF were decreased 
obviously in secondary analyses, indicating a better ef-
ficacy indeed exists with CRF. 

The mechanisms underlying TN have not been fully 
clarified. However, local hyperexcitability produced by 
demyelination of the trigeminal nerve roots may be a 
crucial link in the development of nociceptive hyper-
sensitivity in the organism (27,28). Medication is gen-
erally the primary alternative in treating TN, of which 
long-term use may cause severe tolerance (29). Radio-
frequency therapy is currently the most widely used 
intervention for trigeminal neuropathic pain other 

than medication. Radiofrequency emits a continuous 
current between 2 electrodes, which placed separately 
on the external surface of the body and at the tissue to 
be treated, to coagulate tissue thermally or produce a 
pulsed current to result in sensory abnormalities in the 
distribution of trigeminal nerve (3,30,31).

 In secondary analyses, a meta-analysis of 3 studies 
comparing the pain scores and adverse effects occur-
rence of CRF and PRF revealed that CRF had better ef-
ficacy and poorer safety in providing analgesic effect 
on trigeminal neuropathic pain at 1-3 months postop-
eratively. The studies of Erdine et al (9) and Agarwal 
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et al (19) showed that the CRF technique had signifi-
cantly lower VAS pain scores than PRF in the short term. 
However, data from Elawamy et al (20) showed that 
the superiority of CRF in decreasing trigeminal neu-
ropathic pain was exhibited after at least 12 months. 
Additionally, since the methodology used by Agarwal 
et al (19) differed from the other studies in that it did 
not directly count VAS scores but used a reduction in 
VAS scores ≥ 50% to determine efficacy. Therefore, it 
is not easy to draw positive conclusions relevant to the 
comparison of CRF and PRF treatments using SMD to 
pool these data of trials in this review. Regarding the 
results about side reactions of different radiofrequency 
among included studies, CRF appears to be more prone 
to cause side reactions than PRF treatment.

Unlike the assessment of CRF and PRF in the short 
and intermediate term, we have collected a common 
postoperative 12-24 months outcome for both CRF and 
PCRF techniques in secondary analyses. Meta-analyses 
for comparing pain reduction and side effects of CRF 
and PCRF treatments on TN were conducted in 6 stud-
ies, indicating that no sufficient evidence could prove 
a better incidence of excellent pain relief in PCRF 
therapy. However, the results in studies of Ding et al 
(10), Elawamy et al (11), Li et al (22), and Yao et al 
(12) must be handled with caution due to their high 
heterogeneity. In this regard, the one-by-one sensitiv-
ity analysis showed a change in the 12-24 months out-
comes after excluding the study of Elawamy et al (11). 
We observed that the data about excellent pain relief 
on the CRF group in the study of Elawamy et al (11) dif-
fered greatly from the other 3 studies. In addition, we 
reviewed the bias of risk assessment and found at least 
one poor quality entry in an individual study of 3 trials. 
Thus, conclusions relevant to excellent pain relief could 
not be hastily drawn. What is noteworthy is that 2 stud-
ies reported pain scores. When data on VAS scores over 
the 12-24 months period were analyzed, it was still pos-
sible to conclude a significant pain reduction of TN in 
the long term with PCRF. Interestingly, after reviewing 
the included trials, we found that effective long-term 
pain relief was able to be achieved with PRF at 42°C for 
4 to 5 cycles of 120s followed by CRF at temperatures 
of 60°C-68°C for 180s to 270s, regardless of the sub-
classification of TN patients treated. Additionally, PCRF 
had remarkably fewer adverse reactions following the 
treatment of TN in the enrolled studies. Sensitivity 
analysis of side effects of various radiofrequency on 
TN revealed no change demonstrating a reliable result. 
The temperature used by radiofrequency ablation is 

critical to the clinical treatment of TN, especially the 
temperature of CRF, as it reduces pain through the 
thermal coagulation of tissue (32,33). However, Wu and 
colleagues conducted the subgroup analysis of safety 
between different temperatures in CRF treating TN 
based on 2 studies of the same team (23,34), perhaps 
leading to a multiple publication bias. In this regard, 
our secondary subgroup analysis avoided this risk and 
pooled results to further indicate that temperature 
below 70°C was safer in TN treatment via PCRF.

Limitations
Our study also has several limitations. First, al-

though 11 studies were included in our review, only 8 
RCTs with a small overall sample were ultimately quan-
tified and analyzed. Second, the diversity of tools used 
for pain assessment across trials, such as VAS, BNI, and 
NRS, limits the evaluation of outcomes. Third, a high 
risk exists for most studies in the meta-analysis for at 
least one domain, which may affect the reliability of re-
sults. Fourth, the short follow-up period of a few stud-
ies in the meta-analysis, while the long-term efficacy 
of different radiofrequency treatments may require 
longer follow-up data to enhance the accuracy of the 
assessment.

Conclusion

This secondary systematic review and meta-anal-
ysis of different radiofrequency treatments in TN has 
remedied the lack of the previous meta-analysis that 
only counted data at one time point by comparing and 
pooling both short-term and long-term data, with suf-
ficient evidence that PCRF provides better long-term 
efficacy and fewer adverse effects than CRF and PRF 
treatments. Furthermore, it may be safer for TN pa-
tients to receive 4  to 5 cycles of 120s at 42°C and then 
warm up to below 70°C for 180s to 270s of PCRF than to 
maintain a high temperature all the time. Nevertheless, 
it is hard to draw definitive conclusions about excellent 
pain relief comparisons due to the moderate quality of 
evidence, high heterogeneity, and scarcity of available 
data. Hence, more RCTs and samples are needed in the 
future.
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Appendix 1. Search strategy 

EMBASE 
Session Results 
'pulsed radiofrequency treatment'/exp OR 'radiofrequency ablation'/exp OR 'radiofrequency therapy'/exp AND 'random':ti,ab OR 'placebo':ti,ab 
OR 'double-blind':ti,ab AND 'neuralgia, trigeminal':ti,ab OR 'trigeminal 1,062 29 Nov 2021 neuralgias':ti,ab OR 'tic doloureux':ti,ab OR 
'fothergill disease':ti,ab OR 'disease, fothergill':ti,ab OR 'trifacial neuralgia':ti,ab OR 'neuralgia, trifacial':ti,ab OR 'trifacial neuralgias':ti,ab OR 'tic 
douloureux':ti,ab OR 'epileptiform neuralgia':ti,ab OR 'epileptiform neuralgias':ti,ab OR 'neuralgia, epileptiform':ti,ab OR 'secondary trigeminal 
neuralgia':ti,ab OR 'neuralgia, secondary trigeminal':ti,ab OR 'secondary trigeminal neuralgias':ti,ab OR 'trigeminal neuralgia, secondary':ti,ab OR 
'trigeminal 
neuralgia, idiopathic':ti,ab OR 'idiopathic trigeminal neuralgia':ti,ab OR 'idiopathic trigeminal neuralgias':ti,ab OR 'neuralgia, idiopathic 
trigeminal':ti,ab OR 'trigeminus neuralgia'/exp 

WEB OF SCIENCE 
Session Results 
TS=( (TS=(Neuralgia, Trigeminal)) OR TS=(Trigeminal Neuralgias)) OR TS=(Tic Doloureux)) OR TS=(Fothergill Disease)) OR TS=(Disease, 
Fothergill)) OR TS=(Trifacial Neuralgia)) OR TS=(Neuralgia, Trifacial)) OR TS=(Trifacial Neuralgias)) OR TS=(Tic Douloureux)) OR 
TS=(Epileptiform Neuralgia)) OR TS=(Epileptiform Neuralgias)) OR TS=(Neuralgia, Epileptiform)) OR TS=(Secondary Trigeminal Neuralgia)) 
OR TS=(Neuralgia, Secondary Trigeminal)) OR TS=(Secondary Trigeminal Neuralgias)) OR TS=(Trigeminal Neuralgia, Secondary)) 
OR TS=(Trigeminal Neuralgia, Idiopathic)) OR TS=(Idiopathic Trigeminal Neuralgia)) OR TS=(Idiopathic Trigeminal Neuralgias)) OR 
TS=(Neuralgia, Idiopathic Trigeminal) OR TS=( Trigeminal Neuralgia) AND TS=(random* controlled trial OR random* OR placebo) AND 
((TS=(Pulsed Radiofrequency Treatment)) OR TS=(Radiofrequency Ablation)) OR TS=(Radiofrequency Therapy) 

PUBMED 
Session Results 
(("Pulsed Radiofrequency Treatment"[Mesh] OR "Radiofrequency Ablation"[Mesh] OR "Radiofrequency Therapy"[Mesh]) AND (randomized 
controlled trial[Publication Type] OR randomized[Title/Abstract] OR placebo[Title/Abstract])) AND ((((((((((((((((((((Neuralgia, 
Trigeminal[Title/Abstract]) OR (Trigeminal Neuralgias[Title/Abstract])) OR (Tic Doloureux[Title/Abstract])) OR (Fothergill Disease[Title/
Abstract])) OR (Disease, Fothergill[Title/Abstract])) OR (Trifacial Neuralgia[Title/Abstract])) OR (Neuralgia, Trifacial[Title/Abstract])) OR 
(Trifacial Neuralgias[Title/Abstract])) OR (Tic Douloureux[Title/Abstract])) OR (Epileptiform Neuralgia[Title/Abstract])) OR (Epileptiform 
Neuralgias[Title/Abstract])) OR 
(Neuralgia, Epileptiform[Title/Abstract])) OR (Secondary Trigeminal Neuralgia[Title/Abstract])) OR (Neuralgia, Secondary Trigeminal[Title/
Abstract])) OR (Secondary Trigeminal Neuralgias[Title/Abstract])) OR (Trigeminal Neuralgia, Secondary[Title/Abstract])) OR (Trigeminal 
Neuralgia, Idiopathic[Title/Abstract])) OR (Idiopathic Trigeminal Neuralgia[Title/Abstract])) OR (Idiopathic Trigeminal Neuralgias[Title/
Abstract])) OR (Neuralgia, Idiopathic Trigeminal[Title/Abstract])) 

Appendix Table 1. Sensitivity analysis of  PCRF and CRF therapies in 
excellent pain relief  for TN at 12-24 months: RR, 95%CI, and heterogeneity.

Time Exclusion of  one by one RR 95%CI I2

12 months

Ding, 2019 1.34 0.80, 2.24 81%

Elawamy, 2017 1.18 1.01, 1.38 0%

Li, 2012 1.53 0.78, 3.03 82%

Yao, 2016 1.53 0.83, 2.83 74%

24 months

Ding, 2019 4.73 0.06, 378.08 90%

Elawamy, 2017 1.37 1.09, 1.73 0%

Yao, 2016 4.40 0.15, 131.78 84%


