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Background: Trigeminal neuralgia (TN) is a common form of craniofacial pain, and Radiofrequency thermocoagulation (RFT) has
become a commonly utilized treatment modality for TN. However, the complex anatomical configuration of the maxillofacial region
and the difficulties inherent in positioning the neck in a hyperextended manner can present challenges for CT-guided punctures.
Aim: The objective of this study is to assess the effectiveness and safety of 3D printed tooth-supported template(3D-PTST) guided
RFT in patients who have previously undergone unsuccessful CT-guided puncture.

Methods: Patients with TN undergoing RFT at the Department of Pain Medicine, PLA General Hospital, from January 2018 to
January 2023, were assessed. 3D-PTST guided RFT was employed as an alternative when percutaneous puncture failed. Clinical,
demographic, and follow-up data were collected. The duration of the procedure was determined by subtracting the time of anesthesia
administration from the time of surgical drape removal. Pain intensity was assessed using the Numerical Rating Scale-11 scale.
Treatment effects were evaluated utilizing the Barrow Neurological Institute scale. Incidences of complications related to RFA were
documented.

Results: Six TN patients underwent 3D-PTST guided RFT. With tooth-supported template guidance, five patients achieved ther-
apeutic target puncture in one attempt with one CT scan. One patient required two attempts with two CT scans. Operation duration
ranged from 18 to 46 mins (mean 30 mins). All completed 3D-PTST-guided RFT without difficulty, significantly improving pain
symptoms. Four patients had no pain recurrence at 12, 18, 36 and 37 months follow-up, respectively. Recurrence occurred in two
patients (at 1 and 13 months). No serious treatment-related complications were observed.

Conclusion: 3D-PTST guided RFT is an effective, repeatable, safe, and minimally invasive treatment method for patients with TN
who have failed due to difficulty in puncture.
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Introduction

Trigeminal neuralgia (TN) is one of the most common forms of craniofacial pain, with an annual incidence of approximately
4.3-27 per 100,000 people.’ In the face, trigeminal neuralgia appears as sudden, intense, and stabbing pain. This is a chronic,
debilitating neuropathy.” This pain is often intolerable and hard to be alleviated, greatly undermining the patient’s quality of
life.* Carbamazepine remains the best supported standard medical treatment for TN but may have a 50% failure rate for long-
term (5-10 years) pain control.* Quintessentially, in cases refractory to treatment using these drugs, invasive treatments
including surgery, gamma knife radiosurgery, and interventional therapies treatment is often considered.* With the develop-

ment of minimally invasive treatment technology, radiofrequency thermocoagulation (RFT) has become a popular treatment
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method for TN.>® This method shows great advantages in precise ablation, but accurate localization of the ablation zone is the
first step so the puncture of RFT requires familiarity with the anatomic structure and complete technical support.

A conventional CT scan is currently used for CT-guided percutaneous interventions.” However, the complex anatomy
of the maxillofacial region or the difficulty in adjusting the neck in a hyperextended position may lead to difficulty of CT-
guided punctures. The direction and depth of puncture may need to be adjusted, and the puncture target needs repeated
explorations, thus leading to more surgical manipulations, larger trauma, and longer exposure to X-ray. And it was a very
painful process for the patient and may cause CT-guided punctures to fail. Precise location and puncture, therefore, are of
great significance in RFT.

In today’s world, 3D printing is an emerging technology.® With three-dimensional (3D) reconstruction technology, the
location, route and depth of the puncture can be precisely set. Subsequently, an individualized tooth-supported template is
created with 3D printing technology. With personalized 3D printed tooth-supported template(3D-PTST), the stability and
accuracy of the puncture during RFT could be guaranteed. Normally, at our medical institution, 3D-PTST is recom-
mended in the event of failure of CT-guided RFT for TN.

We therefore decided to perform a retrospective analysis of our single-center patients with TN who had undergone
3D-PTST-guided RFT when CT-guided puncture have failed. The aim of this retrospective study is to describe the
technical details, the feasibility, safety and efficacy of 3D-PTST-guided RFT for TN.

Methods

Patients

Clinical data was collected through electronic medical records. We reviewed the demographic information, age, sex, and
history records of Patients with TN received RFT at the department of Pain Medicine of the First Medical Center, PLA
General Hospital between January 2018 and January 2023. Percutaneous puncture failure was defined as the incapacity to
successfully execute CT guided RFT procedure, attributable to the radiofrequency needle tip’s inability to attain the intended
target region. Normally, at our medical institution, a 3D-PTST guided RFT is recommended in the event of failure of CT-
guided RFT for TN. In this study, Patients with Percutaneous puncture failure was followed up by telephone interview. These
data were not collected or used for another study and have not been previously published. This study was approved and
waived the requirement for informed consent by the Ethics Committee of the First Medical Center (approval number: S2024-
191-01), PLA General Hospital. This study was risk free and all information of individuals was anonymized. The study was
conducted following the Declaration of Helsinki (WMA Declaration of Helsinki, 2013). A single-group retrospective pretest
and posttest design was adopted for this study. The diagnosis of Trigeminal Neuralgia was based on the International
Classification of Headache Disorders (ICHD)-3 beta criteria.” All these patients underwent a preoperative evaluation, including
maxillofacial region CT of and brain magnetic resonance imaging (MRI). All procedures were performed by one operator (GL
ZHAO) in the CT room. The demographic information of patients is depicted in Table 1.

Table | Patient Demographic and Clinical Data

Patient | Sex | Age Comorbidities Side | Branches Pain Duration | Pre-OP Medication Side Effects Reasons for
(Year) Affected (Month) and Dose (mg/d) of Medication | Puncture Failure
| F 34 None R V3 6 CBZ (400) None Difficulty in anatomic
identification
2 M 69 Hypertension, CHD | L V2 72 CBZ (800) Drowsiness, Limited neck
dizziness movement
3 F 30 None R V2 72 CBZ (600) Dizziness Difficulty in anatomic
identification
4 F 55 Hypertension R V2 96 CBZ (600), PGB (300) | Dizziness, poor | Limited neck
coordination movement
5 F 34 None L V3 8 CBZ (400) Dizziness No ideal puncture
path
6 M 41 None L V2 36 GBP (600) None Intolerant of multiple
needle adjustments

Abbreviations: F, female M; male; CBZ, Carbamazepine; PGB:

Pregabalin; GBP, gabapentin; CHD, coronary heart disease; R, right; L, left; pre-OP, Preoperative.
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Manufacture of Personalized 3D Printed Tooth-Supported Template

Manufacture of a 3D-printed tooth-supported template requires slice CT (Brilliance TM CT, Phillip) scanning of the maxillofacial
region (upper supraorbital arch to the chin, thickness as 1 mm). The 3D CT data (DICOM format) of the patient was imported to
the Mimics Innovation Suite, a medical image analysis software. 3D models of head bones, teeth and skin were established and
imported to the Materialize 3-matic software. Trigeminal neuralgia, which involves one or more branches of the trigeminal nerve,
requires a collaborative approach with the patient to determine the most appropriate surgical method, considering their
comprehensive understanding of the associated advantages and disadvantages. Given the range of surgical techniques available,
our suggested puncture sites are the foramen ovale or foramen rotundum.® To confirm the puncture route, a slice of adjustment was
required to avoid bony structures or other critical tissues. The intersection point of the puncture route and the skin was decided as
the insertion point. Surface morphology data of upper and lower teeth were extracted and analyzed for generating the
individualized digital tooth-supported template for RFT. The template consists of two parts: a tooth-supported template and
a guide cannula. The tooth-supported template was individually designed to fit patient’s occlusal surfaces of teeth perfectly to
ensure stability. The guide cannula was designed along a confirmed trajectory with an inner diameter slightly larger than the
puncture needle. The distance between the target point and the insertion point was measured. The template was then imported to
the laser rapid prototyping (LRP) to generate the real tooth-supported template, which was disinfected for clinical use (Figure 1).

Clinical Application

RFT was performed in the CT Room, where the patient lied on a scanner table in a supine position with the neck
hyperextended. After vascular access, ECG and blood oxygen saturation were monitored. RFT was performed using the
RFP-100A RF Puncture Generator (Baylis Medical, Canada. In brief, facial skin, including bilateral auricle skin, was
routinely disinfected. The printed tooth-supported template was precisely placed between the upper and lower incisors to
maintain a close occlusion of the bite plate, and a close contact between the skin and the soft-tissue-supporting plate. Through
the introducer channel, 1% lidocaine was injected into the facial puncture site for infiltration anesthesia. A radiofrequency
needle measuring 10 cm in length, with a 0.5 cm exposed front-end, was inserted to a predetermined depth. Correct position
of needle tip was reconfirmed by sensory stimulation. Sensory threshold was tested with electrical stimulation of 0.1-0.2 V at

A total of 134 patients with TN were scheduled for CT guided RFT surgery

3 patients abandoned The operation was completed
treatment successfully in 126 patients
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Figure | Study Flow Chart.
Abbreviations: TN, Trigeminal neuralgia; RFT, Radiofrequency thermocoagulation.
Journal of Pain Research 2024:17 https: 2349

Dove:


https://www.dovepress.com
https://www.dovepress.com

You et al Dove

50 Hz, and motor threshold was tested with electrical stimulation at 2 Hz. In order to ensure accurate puncture, the depth and
direction of the trocar were adjusted in accordance with facial pain in the trigeminal nerve distribution and mandibular
movements. It is recommended to conduct a CT scan prior to the routine treatment procedure in order to verify the accurate
positioning of the needle tip target. Once the target was confirmed, 1 mL of 2% lidocaine was injected through the ablation
needle. After successful local anesthesia, the trigeminal nerve was ablated at 65°C, 75°C and 75°C, with 90s per cycle. The
surgery ended up with needle removal, disinfection and dressing of the puncture site. The patient returned to the ward safely.
Postoperative clinical symptoms and neurological signs were monitored (Figure 2).

Figure 2 Digitization of maxillofacial bones and puncture path. (A) Patients’ preoperative CT image and the puncture route from the right maxillofacial region to the
foramen rotundum; (B and C) The 3D models of head bones and the puncture route from the right maxillofacial region to the foramen rotundum; (D) The skull model with
the digital tooth-supported template and the puncture path viewed from a different angle.
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Outcome Assessment
Clinical and demographic data, and laboratory results and follow-up records of these patients were obtained from the
clinical information system.

The procedure duration was calculated by subtracting the recorded time when anesthesia was administered from the
time of surgical drape removal. Numerical Rating Scale-11 (NRS-11): The NRS-11 is a self-report 11-point scale that
assesses pain intensity. Treatment effect were evaluated using the Barrow Neurological Institute scale (BNI; class I: no
pain, no medication; II: occasional pain, not requiring medication; IIla: no pain, continued medication; IIIb: controlled
with medication; IV: some pain, not adequately controlled with medication; V: severe pain, no pain relief).”'”
Complications about RFA like facial hematomas, numbness, leakage of cerebrospinal fluid, and masseter muscle
weakness were recorded. In order to improve medical quality, we routinely performed follow-up for these TN patients
via telephone and all data were recorded in electronic records.

Statistical Analysis
No statistical power calculation was conducted prior to the study and sample sizes were based on the available data. No
additional statistical tests were conducted.

Results

Demographic and Clinical Data

Between January 2018 and June 2022, a total of 134 patients with trigeminal neuralgia were scheduled for CT guided
RFT surgery at the department of Pain Medicine of the First Medical Center, PLA General Hospital. 126(94.0%) patients
successfully complete the procedure. There were 9 (6.7%) cases of failure of the percutaneous puncture. Among them, 1
patient recovered after MVD, 1 patient had a second CT guided RFT treatment failure in other medical institutions and
sought MVD treatment and recovered, 1 patient continued their treatment with oral carbamazepine. Therefore, 6 patients
with trigeminal neuralgia underwent 3D-PTST guided RFT (Figure 3). Demographic and Clinical data of patients are
presented in Table 1. A total of 2males and 4 females were included, with a mean age of 43.8years (range 30—69 years).
The median (IQR) duration of pain in these patients was 48.3 months (range 6—96 months). In all, 3 patients had left TN,
and 3 had right TN. One patient had coronary heart disease and hypertension as added co-morbidities. One patient was
accompanied by hypertension. All patients were treated with oral analgesic drugs and 4 of them present with symptoms
such as poor coordination, headaches or drowsiness that might be caused by side effect of analgesic drugs (Table 1).

Intraoperative Data

Among 6 patients treated with 3D-PTST guided RFT, foramen ovale was the puncture target in 2 patients and foramen
rotundum in 4 patients. Under the guidance of a tooth-supported template, five patients completed the puncture of the
therapeutic target with one attempt and had only one CT scan. One patient took two tries to finish the puncture process,
and has twice CT scans. The duration of operation was 30 mins (range 18—46 mins). After treatment, one patient
complained of postoperative nausea, which disappeared within five hours. All patients experienced postoperative facial
numbness. Two patients experienced postoperative masseter weakness. There were no complications like cardiac
arrhythmia, hematoma, corneal ulcers, or death (Table 2).

Treatment Effect and Post-Operative Complications

All patients completed the 3D-PTST-guided RFT without difficulty, and their pain symptoms were significantly improved
after the operation. In four of the patients, there were no recurrences of pain in 12 months, 18 months, 36 months, and 37
months of follow-up, respectively. The pain was well controlled. One patient was followed up for 13 months and at 16
months, the pain recurred, accompanied by numbness and masseter weakness. Currently, carbamazepine is used to
control the pain in this patient. After 16 months of follow-up, another patient experienced a recurrence one month after
discharge despite a decrease in pain intensity from IV on the BNI to III b, and from 6 to 2 on the NRS-11, following the
3D-PTST-guided RFT treatment. This patient used oral carbamazepine and gabapentin to control pain (Figure 3).
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A

Figure 3 Clinical application of the 3D-PTST. (A) The 3D-PTST viewed from a different angle; (B and C) Use of a 3D-PTST on a patient in a clinical setting; (D and E) The
tip of the radiofrequency needle was confirmed by CT. Abbreviations: 3D-PTST, 3D printed Tooth-supported Template.
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Table 2 Surgical Data

Patient | Target Punctures CT scans Procedure Pain pre- Pain Post- | Complications Recurrence Follow-Up

Point Numbers Numbers Length OP (BNI/ | OP (BNI/ Time Period
(mins) NRS) NRS) (Month) (Month)

| Foramen 2 2 46 1lb/5 12 Numbness, 13 16
ovale masseter weakness

2 Foramen | | 18 \7 7] Numbness None 18
rotundum

3 Foramen | | 25 \7 I/l Numbness None 36
rotundum

4 Foramen | | 27 v/7 1112 Numbness None 37
rotundum

5 Foramen | | 42 IVI6 W1 Numbness, None 12
ovale masseter weakness

6 Foramen | | 22 IV/6 1lb/2 Numbness | 16
rotundum

Abbreviations: BNI, Barrow Neurological Institute scale; NRS, numeric rating scale; pre-OP, Preoperative; post-OP, post-operative.

Complications

All patients reported different degrees of numbness post-surgery. Ecchymotic lesions developed around the needle
puncture site in two patients and resolved within 10 days. No patient experienced difficulty in mouth opening, or
reduced sensory function in ipsilateral buccal mucosa and lateral side of the tongue. Two patients developed weakness in
masticatory muscles. No serious treatment- related Complications occurred in this study.

Discussion

The occurrence of surgical failure resulting from puncture difficulty during CT-guided RFT surgery in patients with TN is
exceedingly uncommon. Between January 2018 and January 2022, Department of Pain Medicine of the First Medical
Center at the PLA General Hospital encountered a total of 9 instances of puncture failure. Among these cases, 6 patients
underwent 3D-PTST guided RFT. The utilization of 3D-PTST demonstrated a substantial enhancement in the likelihood
of achieving successful puncture. The utilization of multiple CT scans is no longer necessary in the surgical procedure.
The perioperative period did not witness any serious surgical complications. Subsequent to an extended period of
observation, patients suffering from TN have experienced diverse levels of amelioration and alleviation.

TN damages one’s life quality.'" The utilization of radiofrequency (RF) has proven to be a dependable approach in
managing neuropathic pain among patients who have not responded positively to conservative treatment options.'* '
The utilization of imaging tools, such as CT or C-arm, is often necessary to achieve accurate localization during
radiofrequency therapy for trigeminal neuralgia. Currently, the utilization of imaging tools such as CT or C-arm has
made radiofrequency treatment of the trigeminal nerve a prevalent approach in the existing treatment modalities for this
nerve. Nevertheless, instances where there are deviations in the patient’s skull base anatomy or the patient’s positioning
fails to meet the surgical prerequisites are more prone to result in surgical failure.

The skull base is an area of significant anatomical complexity and functional importance. The ossification of the
pterygospinous and pterygoalar ligaments, which are located at the cranial base, can result in the development of
complete or incomplete bony bars in relation to the foramen ovale.'”> The occurrence of ossification may result in
puncture failure and impede the effective execution of TN thermocoagulation. Certain patients may experience cervical
spine rigidity or degenerative alterations, leading to challenges in extending the cervical region. Consequently, conven-
tional CT guidance can make it difficult to achieve an ideal puncture path. The CT-guided RFT surgery was unable to be
conducted in one patient as a result of challenges in maintaining the cervical hyperextension position in this study. In the
course of 3D-PTST production, the examination of the puncture pathway prior to surgery enables the identification and
avoidance of the bone structure as well as crucial blood vessels and nerves within said pathway. The utilization of 3D-
PTST for puncture obviates the need for stringent patient posture prerequisites. In the course of the surgical procedure,
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complete visualization of the puncture path via CT scanning is not imperative. Merely employing 3D-PTST puncture
suffices for the purpose of verification, in conjunction with CT.

Unlike routine RFT, we used a tooth-supported template printed by a 3D LRP'® to aid the puncture to the foramen
rotundum or oval foramen, thus achieving accurate procedures, short duration and less exposure to X-ray (only one time
of exposure). According to a particular study,'” it was estimated that if all the additional occurrences of brain cancer
following brain CT scans were solely attributed to the imaging procedure itself, approximately 1 in 4000 brain CT scans
conducted on children would lead to the development of a malignancy. Additional research has documented that CT
scans have been associated with an elevated likelihood of tumor formation in the cranial region, thyroid, and integu-
mentary system, alongside an increased susceptibility to cataract development in ocular structures.'®

3D printing technology has been extensively applied in maxillofacial surgery.'**° The 3D template is printed with the
digital data of a patient’'. The application of D printing technology in the treatment of TN is rarely reported. Zhang
et al** previously reported the application of a 3D-printed mask template to aid RFT in the treatment of V, TN.
Compared with control group, the experimental group showed higher success rate of the first puncture, shorter surgery
time and less postoperative subcutaneous congestion and hematoma. Notably, our tooth-supported template was superb in
the stability and accuracy,” compared with the mask template used in Zhang’s study. The process of tooth development
necessitates complex genetic and molecular regulations to establish precise tooth number, accurate tooth location,
appropriate tooth size, morphology, and composition for each individual tooth.** Wear facets can be observed on
mammalian molars, resulting from the interactions between teeth and from the contact with abrasive food particles.”
The aforementioned factors contribute to the distinctiveness of the occlusal surface height among individuals’ teeth. The
tooth-supported template is produced with biomechanics of occlusion a technology that mimics the biomechanics of
dental occlusion to provide a highly accurate contact between teeth and a huge compression force.?

This study possesses both merits and limitations that necessitate elucidation. To the best of our knowledge, this study
is the first report documenting the application of 3D-PTST assisted RFT as an alternative treatment for TN in cases where
CT guided puncture proves unsuccessful. The medical records of the six patients included in this study exhibit a high
degree of comprehensiveness, and the corresponding data spans a continuous period of five years. One limitation of this
study pertains to its retrospective research design. Furthermore, the investigation is further constrained by its narrow
focus on clinical cases occurring within specific and uncommon clinical conditions, resulting in a limited sample size.
The exploratory nature of the study precludes the ability to establish causal inferences. Furthermore, it should be noted
that in the case of the two V3 TN patients, both experienced weakness in masticatory muscles. While potential factors
such as inappropriate radiofrequency temperature during operation or inaccurate selection of the trigeminal ganglion
target may contribute to this outcome, the absence of a control group limits our ability to draw definitive conclusions
regarding the specific reasons for the observed weakness. This study is conducted at a single center, thus caution should
be exercised when generalizing the findings to other hospitals. The study encompassed patients experiencing maxillary
and mandibular neuralgia, with our puncture targets being the foramen ovale and foramen rotundum. Due to the limited
number of cases in these patient groups and the consistent outcomes observed, a separate analysis was not conducted.

Conclusion

The individualized tooth-supported template was 3D-printed to assist RFT in puncturing the foramen rotundum or oval
foramen in the treatment of TN. An individualized tooth-supported template is beneficial to aid an accurate puncture,
shorten the surgery time and reduce the exposure to X-ray during RFT. 3D-PTST guided RFT is an effective, repeatable,
safe, and minimally invasive treatment method for patients with TN who have failed due to difficulty in puncture.
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