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Background: For patients with trigeminal neuralgia who do not respond to medication and
for whom surgical approaches are too risky, percutaneous procedures targeting the trigeminal
ganglion are the current standard treatment. Percutaneous procedures are performed via
the transoval approach under radiologic guidance. Identification of the foramen ovale (FO)
under fluoroscopic guidance is an important part of determining the success or failure of the
procedures.

Objectives: Previous studies have described how to visualize the FO under fluoroscopic
guidance, but those methods are limited by poor reproducibility. In this study, we have
investigated how to visualize the FO clearly and easily under fluoroscopic guidance.

Study Design: Retrospective analysis.
Setting: University hospital in Korea.

Methods: Seventy-two 3-dimensional facial computed tomography scans without anatomic
abnormalities of the skull base were analyzed for verifying the novel method. First, the
mandibular angle and the occipital cortical line were overlapped and then turned by 15° oblique
rotation using the software package. After these manipulations, the visualization of the FO
was graded according to a 4-point scale (0: poor; 1: fair; 2: good; 3: excellent), and the inferior
transfacial and oblique angles were measured.

Results: This enabled clear visualization of the FO. The mean visual grade of 54 right and 46
left FO (total 100) was 2.74 (0: poor; 1: fair; 2: good; 3: excellent). All recorded FOs had at least
grade 2 visibility.

Limitations: This study is lacking application in clinical practice and comparative data to the
submental view.

Conclusions: The mandible angle and the occipital cortex line are obvious anatomic landmarks
and are visible even to nonexperienced practitioners. Therefore, our method using these
anatomic landmarks can improve the reproducibility and accuracy of FO visualization.

Key words: Trigeminal neuralgia, foramen ovale, trigeminal ganglion, 3-dimensional (3D)
facial computed tomography (CT) scans
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he most common cause of paroxysmal facial
pain is trigeminal neuralgia (TN). Treatment of
TN is multimodal, with medication as the first
choice of treatment. Percutaneous treatments can be

considered when medication must be discontinued
because of unacceptable side effects or refractory
pain. Percutaneous treatments are minimally invasive
methods and include blocking the trigeminal
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ganglion, destroying the trigeminal fibers via thermal
radiofrequency ablation, microcompression with
a Fogarty catheter, applying neurolytic substances
(glycerol, alcohol), trigeminal ganglion balloon
decompression, and pulsed radiofrequency treatment
(1-5). Percutaneous techniques result in a relative
high rate of short-term pain relief. The long-term
effects are variable across studies. However, because
of low morbidity and mortality, the procedures can
be performed with relative ease. In particular, these
procedures can be considered valuable treatment
options for patients in whom a surgical approach is
considered too risky (1,6). Percutaneous procedures are
conducted through a puncture of the foramen ovale
(FO). Taking into account the anatomic structure, it
has been proposed that the FO can be identified by
aligning the fluoroscope between the coronoid process
of the lateral mandible and the medial maxilla just
above the petrous ridge (7,8). The FO visualization with
a fluoroscope is rarely described as being reproducible
and accurate. Several studies suggest that the
submental view can be aligned with the view used for
FO visualization (9-11). However, the submental view
actually refers to a modification of the submental-
vertex view in the existing imaging techniques; this
modification has not been described in the previous
studies. The orbitomeatal line, presented as a baseline,
is also ambiguous because of variability in patient
positioning (12,13), because the literature reports a wide
range of angles. The reason for which may be owing to
the variability of head and neck retroflexion (14). The
lack of reproducibility in fluoroscopic visualization of
the FO means that the amount of radiation exposure is
increased for the patient as well as the practitioner. For
the success or failure of the procedure, FO visualization
is critical. Considering the adjacent distances between
the puncture site used for the percutaneous approach
to the carotid artery and sinus cavernosus, more
sophisticated adjustments are needed to find the
puncture site. The accidental puncture of adjacent
anatomic structures such as the carotid artery has
been reported to potentially elicit fistula formation
in the sinus cavernosus (15,16). The objective of this
article is to provide reproducible and reliable anatomic
landmarks for optimal FO visualization.

METHODS

Study Design
To determine anatomic-radiologic landmarks for

FO visualization, 3-dimensional (3D) facial computed
tomography (CT) examinations were reviewed. The use
of 3D facial CT scans was approved by the institutional
review board of Kang Buk Samsung Hospital, Seoul,
Korea (KBSMC-20180-07-017). Seventy-two 3D facial
CT scans without skull base anatomic anomalies were
included in the study. Instead of using the orbitomeatal
line, which is the ambiguous line commonly proposed
for fluoroscopic visualization of the FO, the occipital
cortex line and the ipsilateral mandibular angle were
aligned. Both landmarks are readily distinguishable
from one another. Extended Brilliance Workspace
Version 4.5.6.52040 software (Koninklijke Philips N.V.,
Amsterdam, Netherlands) was used to superimpose
the 2 anatomic landmarks in the 3D facial CT scans.The
images were rotated obliquely by 15° to the ipsilateral
side (Fig. 1A, B). After performing these manipulations,
the ease of the FO visualization was graded according
to a 4-point scale in which 0: poor; 1: fair; 2: good; and
3: excellent (17). The inferior transfacial and oblique
angles were then measured. The visualization of the
FO was graded separately by one musculoskeletal ra-
diologist having 10 years of experience and one pain
physician having 6 years of experience. The axial images
were reviewed to precisely identify the positions of the
FO, the foramen rotundum, and the foramen spinosum
because these structures are located in close proximity
to one another. After marking the foramen identified
as the FO, the marks were displayed in accordance with
the foraminal location as identified on the axial CT view
(Fig. 2).

Statistics

The data are presented as the mean * standard
error of the mean. The kappa statistic (or kappa coef-
ficient) is most often used to assess the interobserver
reliability. A kappa of 1 indicates perfect agreement,
whereas a kappa of 0 indicates chance agreement.

REsuLts

Quality of Visualization of the FO

One hundred FO (54 right and 46 left) of 72 3D
facial CT scans were analyzed. Considering that TN oc-
curs mainly in patients aged >50 years, only facial CT
scans of patients in this age group were included. {AU:
Please confirm edits in the previous sentence}The mean
age of the analyzed patients was 67.4 + 11.4 years. Vis-
ibility of the FO was graded according to a 4-point scale
discussed earlier. Seventy-two of the 100 scans were
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Fig. 1. (A) 3D facial CT scan with overlap of the mandibular angle (asterisk) and the occipital cortical line (arrowhead). (B)
3D facial CT tmage: The mandible angle and the occipital cortex line were overlapped and turned obliquely to achieve best view of
the FO.

Fig. 2. After marking the hole identified as the F'O with “+,” this mark is visualized in the axial view.

assessed as having grade 3 visibility, 28 scans were as-  ing grade 3 visibility, 25 scans were assessed as having
sessed as having grade 2 visibility according to observer ~ grade 2 visibility according to observer 2. No CT scan
1. Seventy-five of the 100 scans were assessed as hav-  displayed grade 0 or grade 1 visibility. The mean visual
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grade of the 2 observer’s data was 2.74. The kappa was
0.83, which is in the “almost prefect” interobserver
agreement range. Therefore, aligning the 2 anatomic
landmarks of the occipital cortical line and mandibular
angles is a useful method to consistently identify the
FO.

Measurement of the Inferior Transfacial and
Oblique Angles

One hundred FO of 72 3D facial CT scans were
analyzed. The inferior transfacial angle of the FO was
within 37° and 55°. The mean of transfacial angle was
45.76 = 5.19°. The oblique angle of the FO was 15°, as
intended.

Clinical Application

Three patients with TN underwent pulsed radiofre-
quency treatment of the Gasserian ganglion using our
new technique for localization of the FO. Two patients
had right-sided TN and one patient had TN on the
left side. The patients were positioned supine on the
x-ray table with their head and neck comfortably lying
straight without any retroflexion. The symptomatic FO
side was fluoroscopically identified by rotating the x-ray
tube in the sagittal plane until the mandibular angle
and the ipsilateral occipital cortical line overlapped.
The fluoroscope was then rotated in the coronal plane
for better visualization of the FO (Fig. 3). The FO was

identified, and the needle entry site and trajectory
were determined without the need for repetitive fluo-
roscopic imaging.

Discussion

Percutaneous interventional therapy targeting the
trigeminal ganglion and its branches have proven to be
effective management of TN. These procedures have
been performed by accessing the FO under fluoroscopic
guidance. Therefore, one key factor in determining the
success of the procedure is the visualization of the FO.
The most common fluoroscopic method for visualiza-
tion of the FO uses the submental view. Although previ-
ous studies have described performing the procedure
using the submental view, there has been no detailed
description of how to obtain that view (9-11) apart
from a rough description that the x-ray tube should be
tilted in the caudocephalic direction. No accurate ana-
tomic landmarks have been discussed, and the angles
were not consistent between the studies. The inferior
transfacial angle of the submental view varies between
15° and 70°. If the procedure is performed using the
submental view, the patient is most likely positioned
supine with their head and neck retroflexed to vari-
able degrees. Additionally, the submental view only
provides an approximate orientation of the FO, and the
reproducibility is limited. The ability to visualize the FO
can vary greatly depending on the experience of the

Fig. 3. (A) Fluoroscopic image with overlap of the mandibular angle and the occipital cortical line of a patient with trigeminal
neuralgia. (B) Fluoroscopic image: The mandible angle and the occipital cortex line were overlapped and turned obliquely to
achieve the best view of the FO. The pulsed radiofrequency needle is inserted in F'O.
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interventionalist. Alternative methods have been sug-
gested using anatomic landmarks. Some studies have
suggested using the orbitomeatal line, the mid-cranial
fossa arc, and the petrous ridge line (18-20). However,
the orbitomeatal line, the mid-cranial fossa arc, and
the petrous ridge line are too difficult to identify to be
used as reliable anatomic landmarks. The orbitomeatal
line varies and depends on patient positioning. In this
study, we propose a method to visualize the FO based
on structures that are readily distinguishable: the man-
dibular angle and the occipital cortical line. Both land-
marks are independent of the caudocephalic angle of
the x-ray tube and the degree of head and neck flexion.
The key is to simply overlap the occipital line with the
mandibular angle. Following this, the x-ray tube should
be obliquely rotated approximately 15° until the FO is
clearly delineated. This method is simple for even the
less experienced interventionalist. In addition, because
the patient does not need to have their head and neck
flexed, the procedure is more comfortable.

To determine the accuracy and clinical applicabil-
ity of this method, we used 3D facial CT scans without
skull base abnormalities that had been obtained pre-
viously. We did not subject our patients to additional
radiation by repeating their CT examination. However,
our confirmation with 3D facial CTs for this study does
not imply a need for intraoperative or perioperative CT
guidance. We used the patient’s 3D facial CT for the
study only to confirm the use and accuracy of our novel
method. The superimposition of the mandibular angle
and occipital cortical line with 15° rotation for visualiza-
tion of the FO that we initially performed via CT using
Extended Brilliance Workspace software, can be easily
performed with fluoroscopy. Indeed, FO margins that
were partially obscured with CT were better evaluated

under fluoroscopy due to direct beam targeting. Ex-
tended Brilliance Workspace software allows accurate
axial view confirmation distinguishing the adjacent
foramens like the foramen spinosum.

The limitations of this study are the lack of sufficient
clinical data using this novel approach in the treatment
of TN, and the lack of comparing the accuracy of our
technique to that of the established approach using the
submental view. These limitations may be addressed
in the future considering that treatment of TN at our
institution will be performed using our new technique.

CONCLUSIONS

In this study, we described a novel method for
identifying the FO during percutaneous procedures
based on anatomic landmarks. High recognizability of
these landmarks enables the high reproducibility of this
approach.
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