
Background: Percutaneous radiofrequency thermocoagulation through the foramen 
rotundum (FR) is a new approach for the treatment of V2 trigeminal neuralgia (TN).  

Objectives: This study aimed to compare the efficacy and safety of the FR approach with 
that of the foramen ovale (FO) approach.

Study Design: Nonrandomized controlled clinical trial.

Setting: The study was conducted at Huaian Hospital of Huaian City, Huaian, China.

Methods: From July 2014 to December 2016, 80 consecutive patients with V2 TN were 
prospectively assigned into the FO group (n = 40) or the FR group (n = 40). All radiofrequency 
thermocoagulation procedures were performed under the guidance of digital subtraction 
angiography (DSA). Patients in the FO group were treated with Gasserian ganglion ablation 
through the Hartel approach. Patients in the FR group received ablation of the maxillary nerve 
at the internal opening of the FR. Facial pain was evaluated using the Visual Analog Scale 
preoperatively and postoperatively at 1 week, 6 months, and 1 year.

Results: All surgical procedures were successfully completed using DSA guidance. The FR 
group had no facial pain at postoperative 1 week, 6 months, and 1 year. The facial fain 
was not relieved in 4 patients of the FO group. They were treated with radiofrequency 
thermocoagulation of the maxillary nerve through the FR and maintained painless at 
postoperative 1 week, 6 months, and 1 year. At postoperative 1 year, another 3 patients 
relapsed in the FO group. The incidences of facial numbness and swelling did not differ 
significantly between the 2 groups (all P > 0.05). There was no postoperative corneal 
involvement or masticatory weakness in the FR group. However, corneal involvement and 
masticatory weakness occurred postoperatively in 22 (55%) patients and 31 (77.5%) patients 
in the FO group. The FR group had significantly shorter operation time than the FO group 
(19.3 ± 5.9 vs. 32.7 ± 8.7 minutes; P < 0.05).

Limitations: We were unable to avoid the V1 and V3 branches, despite multiple adjustments 
of the needed position in 35 of the 40 patients in this group. 

Conclusions: For the treatment of V2 TN, thermocoagulation of the maxillary nerve 
through the FR had better efficacy and fewer complications in comparison with the Gasserian 
ganglion ablation through the FO.
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skin at the entry point was anesthetized with 5 mL 1% 
lidocaine. A 21-gauge, 10-cm radiofrequency needle 
with a 10-mm naked needle tip was used. The naked 
part of the needle tip was bent to form a 40-degree an-
gle. To visualize the FR, the C-arm of the DSA machine 
was adjusted to get a posteroanterior x-ray projection. 
The FR was the 3-mm lucent spot in the maxillary sinus 
shadow that was medially superior to the petrous part 
of the temporal bone (Fig. 1A). Then the C-arm was 
adjusted to get a normal position on fluoroscopy. After 
entering the skin, the radiofrequency needle direction 
was adjusted, and the needle was advanced toward the 
FR with the tip immediately pressing the maxilla. The 
needle tip in the lucent FR shadow indicated that it was 
inside the pterygopalatine fossa and was positioned 
anterior to the FR (Fig. 1B). The C-arm was adjusted to 
get a posteroanterior x-ray projection using the Waters 
projection. A round lucent shadow was seen lateral 
to the sphenoid sinus, usually superior to the petrous 
part of the temporal bone. By adjusting the fluoros-
copy monitoring angle, the normal position and the 
lateral position were alternatively viewed. Meanwhile, 
the needle was rotated to adjust its direction to be 
posterior toward the FR and parallel to the FR canal. 
Then, the needle tip was slowly advanced into the FR 
(Fig. 1C). Then, in the standard lateral view, the bases of 
the bilateral middle cranial fossa were overlapped. The 
needle tip was slowly advanced to reach the cortex line 
of the middle cranial fossa (Fig. 1D). The patient was 
warned about significant pain caused by the needle 
tip touching the maxillary nerve, which was managed 
with 0.1 mL 2% lidocaine through the needle. Three-
dimensional images were reconstructed using DSA and 
computed tomography to confirm the route of the 
needle and the position of the needle tip in the internal 
opening of the FR (Fig. 2).

The core of the radiofrequency needle was with-
drawn, and the electrode was inserted (ET-20S, Smith & 
Nephew, Andover, MA). Sensory electrical stimulation 
at 50 Hz was started from 0 V to 1.0 V, then motor elec-
trical stimulation at 2 Hz was started from 0 V to 1.0 V. 
If there was no paresthesia of the ophthalmic nerve and 
the mandibular nerve when the electrical stimulation 
reached 1.0 V, it indicated that thermocoagulation may 
not injure these 2 nerves. Then, 0.3 mL 2% lidocaine 
was slowly injected through the needle. The patient 
would feel pain relief and numbness in the maxillary 
nerve dermatome. The radiofrequency electrode was 
inserted and thermocoagulation was conducted at 90°C 
for 240 seconds.

The maxillary branch (V2) of the trigeminal 
nerve is most frequently involved in primary 
trigeminal neuralgia (TN) (1-3). Gasserian 

ganglion ablation with percutaneous radiofrequency 
thermocoagulation through the foramen ovale (FO) 
is the most commonly used treatment for TN (4-6). 
This procedure is effective for TN caused by any of 
the 3 branches. However, ablation of the Gasserian 
ganglion may cause masticatory weakness and corneal 
involvement. In addition, Gasserian ganglion ablation 
through the FO is associated with unsatisfactory efficacy 
or relapse at 6 months in some patients.

During the procedure of Gasserian ganglion abla-
tion, electrical stimulation and multiple adjustment 
of the radiofrequency needle position are required to 
elicit a paresthesia area overlapping the pain area. It is 
quite difficult to elicit the V2 paresthesia, which may 
cause treatment failure (7,8). Multiple adjustment of 
the needle position also increases the risks for intracra-
nial neurovascular injury.

Percutaneous radiofrequency thermocoagula-
tion through the foramen rotundum (FR) has been 
proposed as a new approach for the treatment of V2 
TN (8,9). However, it is suggested that shallow reach-
ing in the FR may be associated with incomplete pain 
relief. We have developed a novel technique to allow 
reaching the internal opening of the FR through the 
infrazygomatic approach. Here, we report our prospec-
tive study comparing the FR approach versus the FO 
approach in the radiofrequency thermocoagulation 
treatment of V2 TN.

Methods

Patients
From July 2014 to December 2016, 80 consecutive 

patients with V2 TN were treated at our hospital. All 
patients were confirmed with diagnostic block. The 
patients were assigned into the FO group (n = 40) or 
the FR group (n = 40). All the patients had failed previ-
ous medication treatment or surgery or had relapsed. 
Informed consent was obtained from each patient. 
Our study was approved by the ethics review board of 
Huaian Hospital of Huaian City, Huaian, China.

Procedure of the FR Approach
The patients were put into the supine position on 

the digital subtraction angiography (DSA) table with 
the head secured with tape. The needle entry point was 
inferior to the anterior end of the zygomatic bone. The 
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Fig. 1. 
Fluoroscopy 
of  the access 

of  the FR.(A) 
The lucent spot 

pointed by needle 
tip is FR. (B) 
The needle was 

advanced toward 
the FR. (C) The 

needle tip was 
slowly advanced 

into the FR. (D) 
The needle tip 

reached the cortex 
line of  middle 
cranial fossa.

Fig. 2. Three-
dimensional images 
confirmed the route 

of  the needle and 
the position of  the 

needle tip in the 
internal opening of  

the FR. Left, oblique 
reconstruction of  

the 3-dimensional 
images of  DSA. 

Right, 3-dimensional 
images of  computed 

tomography.
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Procedure of the FO Approach
Patients in the FO group were treated with Gasserian ganglion 

thermocoagulation through the Hartel approach. A 21-gauge, 10-cm 
radiofrequency needle with a 10-mm naked section was inserted 
into the skin 2 cm lateral to the mouth corner. The needle tip was 
toward the ipsilateral pupil in the front view and toward the tem-
poromandibular joint in the lateral view. Under the guidance of DSA 
fluoroscopy, the needle tip was advanced into the FO. The position 
of the needle was confirmed using 3-dimensional images. Thermoco-
agulation was conducted at 75°C for 240 seconds.

Patient Evaluation and Follow-Up
Facial pain was assessed using the Visual Analog Scale (VAS) 

preoperatively and postoperatively during follow-up. Patients were 
followed up at 1 week, 6 months, and 1 year. Postoperative com-
plications were recorded during the 1-year follow-up. Postoperative 
ipsilateral facial pain was treated with percutaneous block of the 
maxillary nerve through the pterygopalatine fossa. If the pain dis-
appeared, it was considered a relapse; otherwise, it was considered 
pathology of the other branches.

Statistical Analyses
Continuous data were presented as means and standard devia-

tions and were compared using the Student t test. Categorical data 
were presented as frequencies and percentages and were compared 
using the chi-squared test. All statistical analyses were performed us-
ing the SPSS Version 19.0 software (IBM Corporation, Armonk, NY). P 
value < 0.05 was considered statistically significant.

Results

There was no significant difference in gender, age, and preop-
erative VAS scores between the FR group and the FO group (all P 

> 0.05; Table 1). All surgical procedures 
were successful in the 80 patients.

All 40 patients in the FR group had 
no facial pain at postoperative 1 week, 
6 months, and 1 year. The facial fain was 
not relieved in 4 patients of the FO group. 
They were treated with radiofrequency 
thermocoagulation of the maxillary nerve 
through the FR, and maintained painless 
at postoperative 1 week, 6 months, and 1 
year. At postoperative 1 year, another 3 
patients relapsed in the FO group.

All the 80 patients had numbness in 
the maxillary nerve dermatome. Facial 
swelling occurred in 14 patients in the FR 
group and 15 patients in the FO group 
(P > 0.05), which resolved spontaneously 
within postoperative 1 week. There was 
no postoperative corneal involvement or 
masticatory weakness in the FR group. 
However, corneal involvement and mas-
ticatory weakness occurred postopera-
tively in 22 (55%) patients and 31 (77.5%) 
patients in the FO group. The FR group 
also had significantly shorter operation 
time than the FO group (P < 0.05).

discussion

In our study, the radiofrequency 
needle tip reached the internal opening 
of the FR. This ensured more complete 
ablation of the maxillary nerve than the 
FO approach. The FR is quite narrow, and 
therefore the needle inside the FR was 
very close to the nerve fibers. However, 
we had treated another 5 patients with 
V2 TN with radiofrequency thermocoag-
ulation at the external opening of the FR. 
Four of the 5 patients showed inadequate 
pain relief. We speculate that ablation at 
the external opening of FR may result in 
poor treatment outcomes because of the 
longer distance from the Gasserian gan-
glion than that at the internal opening.

Nerve fibers that conduct pain 
sensation are more sensitive to thermo-
coagulation than other sensory fibers 
and motor fibers. Therefore, the pain 
nerve fibers are first ablated at high tem-
perature. The temperature of thermoco-

Table 1. Patient general information and treatment outcomes.

FR group 
(n = 40)

FO group 
(n = 40)

P Value

Age (years) 64.95 ± 12.50 64.28 ± 11.89 > 0.05

Male 16 (40%) 24 (60%) > 0.05

Operation time (min) 19.3 ± 5.9 32.7 ± 8.7 < 0.05

Preoperative VAS scores 7.18 ± 1.64 7.15 ± 1.53 > 0.05

No facial pain at postoperative 1 week 40 (100%) 36 (90%) < 0.05

No facial pain at postoperative 6 months 40 (100%) 36 (90%) < 0.05

No facial pain at postoperative 1 year 40 (100%) 33 (82.5%) < 0.05

Facial numbness 40 (100%) 40 (100%) > 0.05

Facial swelling 14 (35%) 15 (35%) > 0.05

Corneal involvement 0 22 (55%) < 0.05

Masticatory weakness 0 31 (77.5%) < 0.05
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agulation for the treatment of TN is between 70°C and 
75°C (10,11). It has been shown that this temperature 
range can effectively ablate the pain nerve fibers and 
spare the motor fibers, thus blocking the conduction 
of pain sensation (12-14). The Gasserian ganglion con-
tains all the sensory neurons of the 3 branches and the 
motor nerve fibers innervating the masseter muscles. 
In our study, the FO group was treated with Gasserian 
ganglion radiofrequency ablation. However, we were 
unable to avoid the V1 and V3 branches, despite mul-
tiple adjustments of the needed position in 35 of the 40 
patients in this group. Therefore, the 75°C temperature 
was selected for the radiofrequency ablation consider-
ing the treatment efficacy and possible complications.

The FR group was treated with radiofrequency 
ablation of the maxillary nerve at the internal opening 
of the FR. The radiofrequency needle did not enter the 
Gasserian ganglion and the V1 and V3 branches were 
not affected, which was confirmed by the electrical 
stimulation test. Therefore, the 90°C temperature was 
selected for the radiofrequency ablation of the maxil-
lary nerve. We had used this temperature in the hope 
of a more complete block of pain sensation conduction 
and better treatment efficacy. All 40 patients in the FR 
group showed no signs of postoperative injury of the 
V1 and V3 branches, and these patients had no facial 
pain in up to postoperative 1 year. These results suggest 
that higher temperature of radiofrequency ablation of 
the maxillary nerve is safe and effective for the treat-
ment of V2 TN.

The FR group had significantly shorter operation 
time than the FO group (19.3 ± 5.9 minutes vs. 32.7 ± 
8.7 minutes; P < 0.05). This is because radiofrequency 
ablation through the FO often requires multiple elec-
trical stimulation tests to confirm that the V1 and V3 
branches were not involved. The aim of electrical stimu-
lation test in the FO group was to elicit paresthesia in 
the maxillary nerve dermatome, while minimizing it in 
the dermatomes of the V1 and V3 branches, thus reduc-

ing the risks for corneal involvement and masticatory 
weakness. However, a radiofrequency needle inserted 
through the FR approach does not require multiple 
adjustment of the needle position, resulting in shorter 
operation time.

The FR group showed no signs of postoperative cor-
neal involvement and masticatory weakness. However, 
22 patients (55%) and 31 patients (78.5%) had corneal 
involvement and masticatory weakness postoperatively 
in the FO group. This suggests that radiofrequency abla-
tion of the Gasserian ganglion through the FO involves 
significantly higher risks of neurologic complications 
than the FR approach. The incidence of facial numbness 
and swelling were comparable between the 2 groups. 
The symptoms of these 2 conditions were well tolerated 
and resolved spontaneously without special treatment.

Out study has limitations. First, the FR approach 
is difficult to learn. Second, radiofrequency thermoco-
agulation of the maxillary nerve through the FR is per-
formed under fluoroscopy, which requires radiographic 
knowledge. Third, the nonrandomized design of our 
study may involve some bias.

conclusions

In summary, radiofrequency thermocoagulation of 
the maxillary nerve through the FR under the guidance 
of DSA for the treatment of V2 TN had better efficacy 
and fewer complications in comparison with thermo-
coagulation of the Gasserian ganglion through the FO. 
The FR approach was also associated with significantly 
shorter operation time than the FO approach.
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