
Background: Neuropathic facial pain occurs due to pathologic dysfunctions of a nerve 
responsible for mediating sensory fibers to the head. Surgical interventions, in cases of 
failed medical therapy, include microvascular decompression, radiofrequency (RF) ablation, 
percutaneous balloon decompression, and stereotactic radiosurgery. In this review, we 
focused on RF ablation as a treatment for chronic facial pain.

Objectives: The objective of this review was to summarize available evidence behind 
RF ablation for facial pain, including pain outcome measures, secondary outcomes, and 
complications.

Study Design: Systematic review. 

Setting: This systematic review examined studies that applied the use of RF ablation for 
management of facial pain.

Methods: This systematic review was reported following the guidelines outlined in 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Two 
reviewers independently scored the methodological quality of the selected studies. Due to 
heterogeneity of studies, a best-evidence synthesis of the available prognostic factors was 
provided. 

Results: We reviewed 44 studies and assessed their short- and long-term pain relief 
measurements, as well as secondary outcomes including patient satisfaction, quality of life 
improvements, decrease in oral medication use, and recurrence rates. Maximal pain relief 
was achieved in treatment groups using combined continuous radiofrequency (CRF) and 
pulsed radiofrequency (PRF) therapies, followed by CRF therapy alone and finally PRF therapy 
alone. All treatment regimens improved secondary outcomes. Common complications of 
treatment included facial numbness, masseter weakness, cheek hematomas, diminished 
corneal reflex, and dry eyes.

Limitations: A large variability in definitions of trigeminal neuralgia, RF technique, and 
patient selection bias was observed in our selected cohort of studies. In addition, there was a 
paucity of strong longitudinal randomized controlled trials and prospective studies. 

Conclusions: This systematic review found evidence that RF ablation is efficient in treating 
patients with facial pain, as well as in improving quality of life and reducing oral medication 
use. Maximal pain control is achieved using combined CRF and PRF therapy. Complications 
are uncommon and include facial numbness, masseter weakness, cheek hematomas, 
diminished corneal reflex, and dry eyes.

Key words: Radiofrequency, ablation, facial pain, chronic pain, trigeminal neuralgia, 
neuropathic pain, continuous radiofrequency, pulse radiofrequency
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NNeuropathic facial pain occurs due to 
pathologic dysfunctions of a nerve responsible 
for mediating sensory fibers to the head (1). 

Of these conditions, trigeminal neuralgia, is the most 
reported diagnosis of unilateral episodic facial pain, 
with an incidence of approximately 4 to 5 cases per 
100,000 (2). Patients may present with abrupt onset 
and short-lived unilateral shock-like pain over the 
trigeminal nerve distribution (3).

Currently used pharmacologic treatments include 
carbamazepine as the primary drug of choice, as well 
as oxcarbazepine for its relatively fewer side effects 
(4,5). However, nonresponders to drug therapy are as 
high as 25% to 50% in this population (6). Surgical in-
terventions, in cases of nonresponsive medical therapy, 
include microvascular decompression, radiofrequency 
(RF) ablation, percutaneous balloon decompression, 
and stereotactic radiosurgery. RF ablation is commonly 
used for treatment of patients with chronic pain (7-9). 
In this review, we focus on RF ablation as a treatment 
for chronic facial pain.

Continuous radiofrequency (CRF) induces coagula-
tive necrosis of tissue through high-frequency alter-
nating currents, in which probe temperatures are set 
between 60ºC and 80ºC (10). CRF has shown to be very 
effective in treatment of trigeminal neuralgia, with 
a success rate of 90% to 100% (11,12). However, the 
high temperature utilized by CRF may induce neuronal 
injury and lead to a higher risk of complications, such as 
hyperalgesia, facial numbness, masticatory atonia, and 
corneal hypoesthesia (13). However, pulsed radiofre-
quency (PRF) uses short high-voltage bursts followed by 
a silent phase, which allows for heat elimination (10). 
The reduced exposure to heat may reduce likeliness of 
developing complications but may also restrict effec-
tiveness of therapy (14,15). Some studies compare the 
effectiveness of combined CRF and PRF effectiveness 
and have shown promising results (15,16). 

The aim of this review is to summarize available 
evidence behind RF ablation, including pain outcome 
measures, secondary outcomes, and complications.

Methods

Systematic Literature Search
We searched Medline, PubMed, Cochrane Data-

base of Systematic Reviews, PROSPERO and Cochrane 
Central Register of Controlled Trials for relevant pub-
lications. We also searched google scholar and the 
clinical trial registry (clinicaltrials.gov) for additional 

publications. These database searches were completed 
on June 25, 2019. Our EMBASE and MEDLINE searches 
included both controlled terms (MeSH, EMBASE, Em-
tree, MEDLINE) and free text that included the follow-
ing: ‘radiofrequency ablation’, ‘radio-frequency’, ‘RF’, 
‘RFA’, ‘radiofrequency lesioning’, ‘ablation’, ‘neuroly-
sis’, ‘radiofrequency therapy’, ‘facial pain’, ‘trigeminal 
neuralgia’, ‘facial pain’, ‘neuropathic pain’, ‘analgesia’ 
and ‘pain’ in the English literature. Bibliographies of 
the published articles were screened for various chronic 
pain pathologies that received RF treatment of the tri-
geminal nerve.

Inclusion and Exclusion Criteria
We included randomized controlled trials (RCTs), 

open nonrandomized control studies, prospective stud-
ies, retrospective studied, case series, and case reports 
for this systematic review. We limited our search to 
publications of original studies that investigated the 
application of either CRF or PRF treatment in adult 
patients with chronic facial pain lasting for at least 1 
month or in patients with a diagnosis of facial pain. We 
excluded research that was only available in abstract or 
poster forms, animal studies, non-English articles, non-
RF technology, book chapters, case reports, unclear 
diagnosis, and pediatric population. 

Data Extraction and Syntheses
Data syntheses and analyses were performed, 

including assessment of the risk of bias or quality of 
individual studies, outcomes assessment, and qualita-
tive and quantitative analysis. Our final evaluation 
included case reports, retrospective, prospective, and 
randomized controlled studies. The reference popula-
tion, diagnostic group, and outcomes were extracted 
from these articles using a prespecified standardized 
extraction form. The information extracted from each 
study includes author’s last name, publication year, 
study design, number of arms, sample size, RF tech-
nique (pulse vs. conventional), temperature range and 
duration, duration of pain relief, secondary outcomes, 
side effects, and conclusions. We also extracted the 
mean and standard deviations for the pain scores when 
reported. If not reported, we included the article for 
thorough analysis and additional discussion purposes.

Quality of Evidence
The quality of each individual article used in 

this analysis was assessed using the Cochrane Review 
rating system (Table 1) and the Interventional Pain 
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Management Techniques–Quality Appraisal of 
Reliability and Risk of Bias Assessment Tool (IPM-
QRB) for RCTs (Table 2), and Interventional Pain 
Management Techniques–Quality Appraisal of Re-
liability and Risk of Bias Assessment Tool for non-
randomized or observational studies (IPM-QRBNR) 
(Table 3). 

Utilizing the Cochrane Review criteria, studies 
meeting at least 9 of the 13 inclusion criteria were 
considered high quality. Those meeting 5 to 8 cri-
teria were considered moderate quality, and those 
meeting fewer than 5 criteria were considered low 
quality and were excluded. Based on the IPM-QRB 
and IPM-QRBNR criteria, studies meeting the inclu-
sion criteria but scoring less than 16 were consid-
ered low quality and were excluded; studies scoring 
from 16 to 31 were considered moderate quality, 
and studies scoring from 32 to 48 were considered 
high quality and were included. Methodologic qual-
ity assessment of each manuscript was performed 
by 2 review authors. The assessment was carried out 
independently in an unblinded, standardized man-
ner to assess the methodologic quality and internal 
validity of all the studies considered for inclusion. If 
discrepancies occurred, a third reviewer performed 
an assessment, and a consensus was reached. Fur-
ther remaining issues were discussed by all review-
ers and were then resolved.

Results

Search Results
Our final search methodology yielded 677 

studies that investigated the use of RF treatment 
for facial pain. The search and study selection 
flow chart is displayed in Fig. 1. We identified 637 
publications after duplicates were removed. These 
studies were screened based on our inclusion and 
exclusion criteria. A total of 44 studies, comprised 
of 8 RCTs (14,15,17-22), 18 prospective (12,13,23-36), 
and 18 retrospective (16,18,37-53), are summarized 
in Table 4. 

Targeted Nerves
A total of 44 of the included 44 publications 

had subjects with a diagnosis of facial pain. The 
trigeminal nerve was the most commonly targeted 
nerve using CRF or PRF treatment. Another group 
of nerves identified as sphenopalatine ganglion, in-
fraorbital nerve, and glossopharyngeal nerve were 
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also ablated in 3 of the publications included in this 
review (19,34,38).

Quality of Evidence
Of the 44 manuscripts meeting inclusion criteria, 8 

were randomized trials (14,15,17-22). Tables 1 and 2 show 
the methodologic quality assessment and risk of bias in 
each of these trials utilizing the Cochrane review criteria 
and the IPM-QRB criteria, respectively. 

Assessment by the Cochrane review criteria 
showed that all of the trials were high quality. How-
ever, assessment by IPM-QRB showed only 2 trials to 
be of high quality (21,22), with the remaining 6 trials 
of moderate quality (14,15,17-20). Table 3 shows the 
assessment of the included nonrandomized or obser-

vational studies, including case reports, utilizing IPM-
QRBNR criteria. A total of 36 studies were included 
in this category. However, 5 of these were shown to 
be of high quality. The remainders were moderate-
quality studies.

Outcome
Pain outcomes were reported as Visual Analog Scale 

(VAS) or Numeric Rating Scale (NRS) scores by most of 
the publications included in this review. Simultaneously, 
the functional outcome measures were also reported 
by most publications. The most commonly reported sec-
ondary outcomes include patient satisfaction, quality of 
life improvements, decrease in oral medication use, and 
recurrence rates. 

 
Elawamy 

(2017)
Erdine 
(2007)

Fang 
(2015)

Li
(2012)

Luo 
(2017)

Xu
(2006)

Yao 
(2016)

Yao 
(2016)

Randomization 
adequate Y Y Y Y Y Y Y Y

Concealed treatment 
allocation Y Y Y Y Y Y Y Y

Patient blinded Y Y Y Y Y Y Y Y

Care provider-blinded Y Y Y Y Y Y Y Y

Outcome assessor 
blinded Y Y Y Y Y Y Y Y

Drop-out rate 
described Y N Y Y Y Y Y Y

All randomized 
participants analyzed 
in the group

N Y Y Y Y Y Y Y

Reports of the study 
free of suggestion of 
selective outcome 
reporting

Y Y Y Y Y Y Y Y

Groups similar at 
baseline regarding 
most important 
prognostic indicators

N U Y Y Y Y Y Y

Co-interventions 
avoided or similar Y Y Y Y Y Y Y Y

Compliance acceptable 
in all groups

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Irrelevant 
(Procedure)

Time of outcome 
assessment in all 
groups similar

Y Y Y Y Y Y Y Y

Are other sources of 
potential bias likely N U U U N U N N

Score  9/12   9/12  11/12  11/12  11/12  11/12  11/12  11/12

Table 2. Methodological quality assessment of  8 randomized trials utilizing Cochrane review criteria.

Y = Yes; N = No; U = Unclear
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discussion

Pain Relief and Secondary Outcome: Efficacy 
of RF Treatment in RCTs

In the RCTs, we analyzed the trend of results 
between different treatment groups were fairly con-

sistent. Pain outcome in most trials were measured 
using VAS and NRS. Both these measurements of 
pain have proven to be reliable methods of detecting 
changes in pain levels (54). However, NRS has been 
shown to be more reliable in illiterate populations 
when compared with VAS (54). In addition to VAS 

Table 3. Methodological quality assessment of  8 randomized trials utilizing IPM – QRB.

  
Elawamy

(2017)
Erdine
(2007)

Fang
(2015)

Li
(2012)

Luo
(2017)

Xu
(2006)

Yao
(2016)

Yao
(2016)

I. Trial Design And Guidance Reporting

1 CONSORT or SPIRIT 0 0 0 0 0 0 0 0

II. Design Factors

2 Type and Design of Trial 2 2 2 2 2 0 2 2

3 Setting/Physician 2 2 2 2 2 1 2 2

4 Imaging N/A N/A N/A N/A N/A N/A N/A N/A

5 Sample Size 1 1 2 1 1 2 2 3

6 Statistical Methodology 1 1 1 1 1 1 1 1

III. Patient Factors

7 Inclusiveness of Population N/A N/A N/A N/A N/A N/A N/A N/A

8 Duration of Pain 2 2 2 2 2 2 2 2

9 Previous Treatments 0 2 0 0 0 0 1 1

10 Duration of Follow-up with 
Appropriate Interventions 3 1 2 2 2 1 2 3

IV. Outcomes

11 Outcomes Assessment Criteria 
for Significant Improvement 2 2 2 4 2 2 2 4

12 Analysis of all Randomized 
Participants in the Groups 2 2 2 2 2 2 2 2

13 Description of Drop Out Rate 0 0 1 1 1 1 1 2

14
Similarity of Groups at 
Baseline for Important 
Prognostic Indicators

0 2 2 2 2 2 2 2

15 Role of Co-Interventions 0 1 0 1 1 1 1 1

V. Randomization

16 Method of Randomization 2 1 2 2 2 2 2 2

VI. Allocation Concealment

17 Concealed Treatment 
Allocation 1 1 1 1 2 2 2 2

VII. Blinding

18 Patient Blinding 1 1 1 1 1 1 1 1

19 Care Provider Blinding 1 1 1 1 1 1 1 1

20 Outcome Assessor Blinding 1 1 1 1 1 1 1 1

VIII. Conflicts Of Interest

21 Funding and Sponsorship 0 0 0 1 1 0 2 2

22 Conflicts of Interest 0 0 0 0 3 0 3 3

TOTAL 21 23 24 27 29 22 32 37
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Fig 1: Study Selection Flow Chart for Manuscripts Included in Systematic Review

and NRS, some studies used Barrow Neurological In-
stitute (BNI) pain intensity score, a more specialized 
measurement to trigeminal neuralgia, to quantify 
pain improvement (21,22). Of 2 clinical trials that uti-
lized VAS to measure the primary outcome, there was 
a dramatic decrease of more than 90% in VAS scores 
between baseline and postprocedure time points of 6 
months and 24 months (14,15). Most effective treat-
ment groups in these trials show significant NRS re-
duction, less persistence of pain, and higher response 
rates in the majority of patients receiving treatment 
in short- and long-term outcomes (17-20). BNI scores 
were excellent in patients receiving high-temperature 

treatment regimen and 
combined CRF and PRF 
treatments (21,22). BNI 
scores remained high 
over long-term follow-up 
periods (21). Commonly 
assessed secondary out-
comes included patient 
satisfaction, quality of life 
improvements, decrease 
in oral medication use, 
and recurrence rates. 
Satisfaction levels were 
consistent with CRF being 
more satisfactory than PRF 
(14,15). One study that 
additionally assessed com-
bination therapy showed 
combined treatment to 
be the most satisfactory 
compared with CRF or PRF 
alone (15). Studies involv-
ing high-voltage PRF 
groups not only showed 
efficacy in decreasing 
pain but also showed sig-
nificant reduction of oral 
medication use postpro-
cedure (17,19). Quality of 
life improvements were 
significant across all treat-
ment groups, including 
short- and long-duration 
CRF, PRF, combined CRF 
and PRF treatment groups 
(18,22). Recurrence rates 
postprocedure was consis-

tently higher in treatment 
groups receiving lower temperature regimens (21,22).

Duration of Analgesic Effect: Short-Term Pain 
Relief

Short-term pain relief displayed promising results 
in our studies but did not necessarily correlate with 
good long-term outcomes. Acute resolution of symp-
toms immediately after the procedure was high in 
our studies, with values of 89%, 91%, 99%, and 100% 
(20,25,27,42). Other studies concluded resolution of 
symptoms at 100% in 3 days, 100% between 7 days 
and 3 months, and 85% in 5.2 weeks postprocedure 
(23,51,55). The presence of symptoms 6 months post-



www.painphysicianjournal.com  E575

Use of RFA for the Management of Facial Pain

procedure were 41%, 85%, and 90% across different 
studies (17,19,20). Short-term VAS score improve-
ments were also proven. One study showed a VAS 
score of 0 immediately after the procedure in 88% of 
the sample (27). At 6 months, NRS scores decreased 
by greater than 50% in 39% of patients in one study, 
whereas it decreased by 33% in another study (34,46). 
Short-term recurrence rates were relatively low in all 
reporting studies, showing a rate of 7.7% and 11.1% 
in 6 months postprocedure (41,44). One study ana-
lyzed short-term BNI score improvement and reached 

a satisfactory score in 100% of the sample population 
immediately after the procedure (21). 

Duration of Analgesic Effect: Long-Term Pain 
Relief

Long-term pain relief varied between different 
studies most likely due to various modalities of treat-
ment regimens involving duration, temperature, and 
voltage. Resolution of symptoms 1 year postprocedure 
varied between 60% and 95.1% throughout different 
studies (12,17,19,22,26,51). Patients at 2-year follow-up 

Abhinav 
et al 

(2012)

Adler 
et al 

(2009)

Akbas 
et al 

(2014)

Chen 
et al 

(2019)

Chen 
et al 

(2016)

Ding 
et al 

(2016)

Ding 
et al 

(2018)

Fang 
et al 

(2014)

Fraioli 
et al 

(2009)

I. Study Design And Guidance Reporting 

1 STROBE or TREND 
Guidance 3 3 2 2 2 2 3 3 2

II. Design Factors

2 Study Design and Type 1 3 1 2 2 3 1 2 1

3 Setting/Physician 1 1 1 1 1 2 2 2 2

4 Imaging NA NA 3 NA NA 2 2 2 2

5 Sample Size 0 2 0 0 0 1 0 0 1

6 Statistical Methodology 2 2 2 2 2 2 2 2 2

III. Patient Factors

7 Inclusiveness of 
Population NA NA NA NA NA NA NA NA NA

8 Duration of Pain 2 2 2 2 2 2 2 2 2

9 Previous Treatments 2 1 2 2 1 1 2 1 1

10
Duration of Follow-
up with Appropriate 
Interventions

1 3 1 1 1 4 4 2 2

IV. Outcomes

11
Outcomes Assessment 
Criteria for Significant 
Improvement

0 4 2 4 4 4 4 2 0

12 Description of Drop Out 
Rate 2 2 2 1 1 2 2 1 0

13
Similarity of Groups at 
Baseline for Important 
Prognostic Indicators

0 0 0 0 0 2 2 0 0

14 Role of Co-Interventions 2 2 2 2 2 2 2 2 1

V. Randomization

15 Method of Assignment of 
Participants 1 4 1 4 4 4 1 2 2

VI. Conflicts Of Interest

16 Funding and Sponsorship 2 0 2 2 1 1 2 1 1

TOTAL 19 29 23 25 23 34 31 24 19

Table 4. Methodological quality assessment of  36 nonrandomized and observational studies utilizing IPM - QRB.
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Kanpolat 
et al 

(2001)
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et al 

(2014)

Kosugi 
et al 

(2015)

Liu 
et al 

(2005)

Liu 
et al 

(2016)

Luo 
et al 

(2013)

I. Study Design And Guidance Reporting

1 STROBE or TREND 
Guidance 2 2 3 2 3 3 3 3 2

II. Design Factors

2 Study Design and Type 2 1 2 1 1 1 1 1 1

3 Setting/Physician 2 1 2 1 2 1 1 1 1

4 Imaging 2 NA NA NA NA NA 2 NA 2

5 Sample Size 0 1 0 1 0 1 0 0 0

6 Statistical Methodology 2 2 2 2 2 2 2 2 2

III. Patient Factors

7 Inclusiveness of Population NA NA NA NA NA NA NA NA NA

8 Duration of Pain 2 2 2 2 2 2 2 2 2

9 Previous Treatments 1 1 1 2 2 2 2 2 1

10 Duration of Follow-up with 
Appropriate Interventions 4 4 1 4 3 4 3 4 3

IV. Outcomes

11
Outcomes Assessment 
Criteria for Significant 
Improvement

4 4 2 4 4 4 4 4 2

12 Description of Drop Out 
Rate 2 2 1 2 1 2 1 2 1

13
Similarity of Groups at 
Baseline for Important 
Prognostic Indicators

0 0 0 0 0 0 0 0 2

14 Role of Co-Interventions 2 2 2 2 2 2 2 2 2

V. Randomization

15 Method of Assignment of 
Participants 2 1 2 3 1 3 3 3 1

VI. Conflicts Of Interest

16 Funding and Sponsorship 1 2 2 0 2 2 0 2 1

TOTAL 28 25 22 26 25 29 26 28 23

Table 4 con't. Methodological quality assessment of  36 nonrandomized and observational studies utilizing IPM - QRB.

were more likely to be symptom-free, ranging between 
83.3% and 92.3% (22,26,56). One study assessing VAS 
scores over 2 years resulted in a decrease from 9.15 at 
baseline to 0 at 2 years postprocedure (15). NRS scores 
followed similar trends as VAS, showing a decrease to 0 
at 1-year follow-up in one study and a 33% NRS reduc-
tion in greater than 50% of the sample size at 1 year 
in another study (17,34). Long-term recurrence rates 
varied greatly between studies, ranging between 7.6% 
and 50% at follow-up periods between 6 months and 
8.8 years (16,27,39,50). BNI results were also promising 
with long-term pain relief. One study showed greater 
than 50% of their patients having no pain at 9 years 

follow-up and another study categorized 92% of their 
patients into BNI I at 1 year postprocedure (21,22).

Outcomes with CRF Versus PRF Ablation 
Treatment

Studies comparing PRF and CRF with a combined 
treatment regimen showed the greatest efficacy in the 
combined treatment groups (15,22), followed by the CRF 
group, and finally the PRF group (15). One trial comparing 
CRF with PRF proved CRF to be more efficient than PRF 
for pain relief (14) and one trial further analyzed differ-
ent duration of treatments, showing the group receiving 
long-term CRF treatment to be most effective, followed 
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et al 
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I. Study Design And Guidance Reporting

1 STROBE or TREND 
Guidance 3 3 3 2 2 2 3 3 3

II. Design Factors

2 Study Design and 
Type 4 4 3 1 1 1 1 2 2

3 Setting/Physician 2 1 1 1 1 1 2 2 2

4 Imaging NA 2 3 NA NA NA 2 2 3

5 Sample Size 1 0 0 1 0 1 0 1 0

6 Statistical 
Methodology 2 2 2 2 2 2 2 2 2

III. Patient Factors

7 Inclusiveness of 
Population NA NA NA NA NA NA NA NA NA

8 Duration of Pain 2 2 2 2 2 2 2 2 2

9 Previous Treatments 1 2 2 1 1 2 2 2 1

10
Duration of Follow-up 
with Appropriate 
Interventions

4 3 1 3 4 4 4 4 3

IV. Outcomes

11
Outcomes Assessment 
Criteria for Significant 
Improvement

4 4 2 2 1 4 2 4 4

12 Description of Drop 
Out Rate 2 1 1 1 2 2 2 2 1

13
Similarity of Groups at 
Baseline for Important 
Prognostic Indicators

2 2 0 0 2 0 0 2 0

14 Role of 
Co-Interventions 2 2 2 2 2 2 2 1 2

V. Randomization

15 Method of Assignment 
of Participants 4 4 4 1 1 2 1 2 2

VI. Conflicts Of Interest

16 Funding and 
Sponsorship 1 1 1 2 2 1 2 1 0

TOTAL 34 33 27 21 23 26 27 32 27

Table 4 con't. Methodological quality assessment of  36 nonrandomized and observational studies utilizing IPM - QRB.

by short-duration CRF, and concluded the PRF group to 
be the least effective group (18). In studies analyzing PRF 
treatments, high-voltage regimens were shown to be more 
effective when compared with standard-voltage regimens 
(17,19). Two trials analyzed the difference in efficacy be-
tween various temperatures and both trials demonstrated 
better pain relief with higher temperatures (21,22).

Targeted Nerves
Of 44 studies reviewed in this article, 41 (93.2%) 

target the trigeminal nerve. These studies are focused 
on trigeminal neuralgia. The remaining studies tar-
get the sphenopalatine ganglion (2.3%), infraorbital 
nerve (2.3%), and glossopharyngeal nerve (2.3%) 
(19,34,38).
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