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Abstract: The study aimed to establish and evaluate anatomoradiological landmarks in trigeminal
neuralgia patients using computed tomography (CT) and cone-beam CT. CT images of 40 trigeminal
neuralgia (TN) and 40 healthy individuals were retrospectively analyzed and enrolled in the study.
The width and length of the foramen rotundum (FR), foramen ovale (FO), foramen supraorbitale,
and infraorbitale were measured. The distances between these foramen, between these foramen to
the median plane, and between the superior orbital fissure, FO, and FR to clinoid processes were
also measured bilaterally. Variations were evaluated according to groups. Significant differences
were found for width and length of the foramen ovale, length of the foramen supraorbitale, and
infraorbitale between TN and control subjects (p < 0.05). On both sides, FO gets narrower and
the length of the infraorbital and supraorbital foramen shortens in the TN group. In most of the
control patients, the plane which passes through the infraorbital and supraorbital foramen intersects
with impression trigeminale; 70% on the right-side, and 67% in the left-side TN groups. This plane
does not intersect with impression trigeminale and deviates in certain degrees. The determina-
tion of specific landmarks allows customization to individual patient anatomy and may help the
surgeon achieve a more selective effect with a variety of percutaneous procedures in trigeminal
neuralgia patients.

Keywords: trigeminal neuralgia; CBCT; CT; foramen ovale; foramen rotundum; impressio trigeminale

1. Introduction

The fifth cranial nerve (CN V), also known as the trigeminal nerve, has its origins in
the midlateral surface of the pons, near the middle cerebellar peduncle, and comprises
a small brachial motor root (portio minor) and a large general sensory root (portio
major) [1,2]. It travels anterolaterally, passes below the tentorium cerebelli, and then
pierces the dura mater to enter Meckel’s cave in the superior aspect of the petrous
temporal bone of the middle cranial fossa. Meckel’s cave can be described as a dural
recess and contains the cerebrospinal fluid between the two layers of the dura mater. It
houses trigeminal ganglion, and its open-ended three-fingered glove shape provides
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a canal for all three major branches of the trigeminal nerve to supply sensory and
motor innervation. The fingers of the glove contain the ophthalmic (V1), maxillary
(V2), and mandibular (V3) branches that pass through the superior orbital fissure
(FOS), foramen rotundum (FR), and foramen ovale (FO) from superior to inferior,
respectively [3,4].

A variety of pathologies may influence the trigeminal nerve, including benign and
malign tumors, inflammation, infection, and neuralgias. Trigeminal neuralgia (TN), also
called tic douloureux, presents with severe, sudden, unilateral, paroxysmal, and electric-
shock-like pain in the area of distribution of one or more divisions of the trigeminal nerve [2].
The precise etiology of trigeminal neuralgia has not been defined, but the opinion most
generally held is that the neuralgia is due to the vascular loop compression or contact
or compressions due to the tumor, vascular malformation, or cyst. Other reasons for the
TN include multiple sclerosis, virus infections, and narrow foramen ovale and foramen
rotundum [5,6].

The imaging techniques for evaluating the trigeminal nerve and its roots in trigemi-
nal neuropathy include magnetic resonance imaging (MRI), computed tomography (CT),
cone-beam computed tomography (CBCT), and plain radiography. TN may be produced
by a lesion of entire projections of the trigeminal nerve, which may occur in the brainstem
segment, cisternal segment, Meckel’s cave, cavernous segment, and extracranial segment.
MRI is the preferred imaging modality for evaluating the pathologies involving all seg-
ments; however, CT, CBCT, and plain radiographs may also be used in lesions involving
the peripheral segment [7].

Conservative medical treatment is the first option to treat trigeminal neuralgia
non-invasively. Percutaneous radiofrequency rhizotomy (RF-TR), microvascular decom-
pression, balloon compression, and glycerol rhizolysis may be applied for the patients
refractory to medication [2,8]. RF-TR is targeted to establish a thermolesion in the
trigeminal root, and intimate knowledge of trigeminal nerve anatomy is crucial to avoid
its inadvertent injury to surrounding vital structures during operation. RF-TR may
be a difficult procedure, and correct positioning of the electrode is of prime impor-
tance for the effectiveness and selectivity of percutaneous trigeminal radiofrequency
thermorhizotomy, and the wrong position may cause severe complications such as
carotid injuries, intracranial hemorrhage, cranial nerve injuries, and carotid–cavernous
fistulae [9].

Thus, this study aimed to establish some anatomoradiological landmarks in trigeminal
neuralgia patients using CT and CBCT.

2. Materials and Methods

Using retrospective data from our faculty, a power analysis (Power and Precision
software, Biostat, Englewood, NJ, USA) was conducted that indicated that detection of
differences between patients with and without trigeminal neuralgia could be obtained
with 38 patients at a power of 0.8 (alpha = 0.05). Thus, this study was conducted using 40
trigeminal neuralgia patients (15 male, 25 female) (V2 and V3) and 40 healthy individuals
(15 male, 25 female) were retrospectively randomly selected for good-quality CT and
CBCT images.

In this study, a total of 80 patients’ CT and CBCT images were used. In total, 40 trigem-
inal neuralgia patients (15 male, 25 female) (V2 and V3) and 40 healthy individuals (15 male,
25 female) were retrospectively analyzed and enrolled in the study. All of the participants
signed the consent form before imaging. The study protocol was conducted according
to the principles described in the Declaration of Helsinki, including all amendments and
revisions, and approved by the Health Sciences Ethics Committee of the University (permit
no: YDU/2020/82–1149). Patients with a history of surgery in the midline skull base or
trauma were excluded.
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CBCT images were acquired with the Netwom 3G (QR Verona, Italy). As a protocol
in our clinics, all patients were cooperative and lay in a horizontal position without any
movement during all CBCT scans. A 12 inch field of view imaging protocol was used to
capture the facial and skull base anatomy. CBCT images were obtained under the following
exposure parameters: 120 kVp tube voltage, 3–5 mA tube current, and 0.3 mm axial images
with isotropic voxels. Besides, CT images were performed using various CT scanners
(Siemens Somaton Sensation, 16 slices, Siemens Medical Solutions, Erlangen, Germany; GE
Lightspeed 16 slice, GE Medical Systems, Milwaukee, WI, USA) at 120 kVp and 25 mA
with a display matrix of 512 × 512.

The resultant axial images were exported and stored as 512 × 512 matrices in Digital
Imaging and Communications in Medicine (DICOM) format and then were imported in
Maxilim® software version 2.3.0. (Medicim, Sint-Niklass, Belgium) to generate a good
quality 3D image of the patients. The design of the study is very similar to that is used
by Oz et al. [10]. Unlike these studies, two planes passing through the supraorbital and
infraorbital foramen on both sides were drawn to determine the relation of the impressio
trigeminale to the plane.

All segmentation and measurements were done on the 3D surface models by the
same observer (SA) individually, who was blinded to the clinical features of the patients.
After segmentation, measurements of the 3D images were identified and marked by using
a cursor-driven pointer on the 3D-surface-rendered volumetric image. The width and
length of the FO, FR, and foramen supraorbitale and infraorbitale were measured. The
distances between these foramens, between these foramens to the median plane, and
between the FOS, FO, and FR to the anterior, middle, and posterior clinoid processes were
also measured. All measurements were performed bilaterally (Figure 1). Variations were
evaluated according to groups.
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Figure 1. 3D representation of the CT image showing all intracranial measurements.

Statistical Methods Statistical analyses were carried out using the SPSS 19.0.1 software
(SPSS, Chicago, IL, USA). Pearson’s chi square test and Student’s t-test were performed
for statistical analysis of differences in with and without TN patients, localizations, and
measurements (p < 0.05).
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3. Results

In this study, the overall mean age for trigeminal neuralgia patients was 43.8 (range 27
to 72 years) and for control, the subject was 39.1 years (range 21 to 65 years). It was found
that trigeminal neuralgia occurs commonly with advancing age. Thirty-nine (97.5%) had
unilateral TN, bilateral involvement occurred in only one (2.5%) of the study group with
nearly equal prevalence on both sides (20 TN occurred on the left and 21 TN occurred on
the right side).

Table 1 shows the mean values of morphometric analysis. Significant differences
were found for the width and length of the foramen ovale, the length of the foramen
supraorbitale, and the infraorbitale between TN and control subjects (p < 0.05). On both
sides, the foramen ovale gets narrower and the length of the supraorbital and infraorbital
foramen shortens in the TN group (Figure 2).

Diagnostics 2022, 11, x 4 of 9 
 

 

Table 1 shows the mean values of morphometric analysis. Significant differences 
were found for the width and length of the foramen ovale, the length of the foramen su-
praorbitale, and the infraorbitale between TN and control subjects (p < 0.05). On both 
sides, the foramen ovale gets narrower and the length of the supraorbital and infraorbital 
foramen shortens in the TN group (Figure 2). 

 
Figure 2. 3D measurements of (A) foramen ovale; (B) foramen supraorbitale; (C) foramen infraor-
bitale. 

Table 1. The dimensions of the foramen ovale, rotundum, supraorbitale and infraorbitale compari-
son in trigeminal neuralgia patients and control subjects. The same letters indicate statistical signif-
icance, which is less than 0.05. 

Foramen  
Ovale 

TN Patients Control Subjects 
p-Value LOW LOL ROW ROL LOW LOL ROW ROL 

n = 20 n = 20 n = 21 n = 21 n = 40 n = 40 n = 40 n = 40 
Mean 4.8 a 6.6 b 4.7 c 6.3 d 5.8 a 7.8 b 5.8 c 7.9 d 

<0.05 
SD ±0.66 ±0.79 ±1.20 ±1.14 ±0.65 ±0.76 ±0.77 ±1.03 

Min 3.8 5.8 2.5 4.0 4.7 6.4 4.5 6.1 
Max 6.1 8.3 6.9 7.8 7.1 9.0 7.2 10.6 

Foramen  
Rotundum 

LRW LRL RRW RRL LRW LRL RRW RRL   

Mean 3.0 3.4 3.1 3.2 3.0 3.7 3.2 3.7 

>0.05 
SD ±0.29 ±0.55 ±0.62 ±0.70 ±0.53 ±0.5 ±0.49 ±0.42 

Min 2.6 2.3 2.5 2.0 2.2 2.8 2.4 2.9 
Max 3.4 3.7 4.2 4.2 4.5 4.8 4.5 4.4 

Foramen  
Supraorbitale LSOW LSOL RSOW RSOL LSOW LSOL RSOW RSOL   

Mean 3.1 2.4 e 3.1 2.4 f 2.9 3.6 e 2.8 3.6 f 

<0.05 
SD ±0.88 ±0.55 ±0.68 ±0.48 ±0.46 ±0.58 ±0.42 ±0.44 

Min 2.4 1.6 2.1 1.6 2.3 2.5 2.2 2.7 
Max 4.6 3.3 4.4 3.5 4.0 4.7 3.6 4.3 

Foramen  
Infraorbitale LIOW LIOL RIOW RIOL LIOW LIOL RIOW RIOL   

Mean 2.7 2.2 g 3.0 2.5 h 2.9 3.6 g 2.8 3.5 h 

<0.05 
SD ±0.65 ±0.50 ±0.66 ±0.55 ±0.45 ±0.62 ±0.43 ±0.56 

Min 2.1 1.6 2.1 1.8 2.2 2.5 2.2 2.5 
Max 4.1 3.2 4.0 3.5 3.7 4.5 3.7 4.8 

Abbreviation: LOW, left ovale width; LOL, left ovale length; ROW, right ovale width; ROL, right 
ovale length; LRW, left rotundum width; LRL, left rotundum length; RRW, right rotundum width; 
RRL, right rotundum length; LSOW, left supraorbitale width; LSOL, left supraorbitale length; 
RSOW, right supraorbitale width; RSOL, right supraorbitale length; LIOW, left infraorbitale 

Figure 2. 3D measurements of (A) foramen ovale; (B) foramen supraorbitale; (C) foramen infraorbitale.

The distances between the right and left supraorbital foramen ranged from 41.3 to
60.9 mm with a mean of 49.6 mm in TN patients and ranged from 42.8 to 59.3 mm with a
mean of 51.8 mm in control groups. The distances between the right and left infraorbital
foramen ranged from 41.4 to 58.1 mm with a mean of 49.3 mm in TN patients and ranged
from 42.0 to 60.7 mm with a mean of 51.1 mm in control groups. Distances did not
significantly differ between the groups. The mean length of the line from the center of the
right infraorbital foramen to the center of the supraorbital foramen was 45.1 and 40.2 mm
in TN patients and control subjects, respectively. The mean length of the line from the
center of the left infraorbital foramen to the center of the supraorbital foramen was 45.4
and 41.6 mm in TN patients and control subjects, respectively. No statistically significant
differences were found between the compared groups.

Table 2 shows the mean distances from the center of the infraorbital foramen, supraor-
bital foramen, and impressio trigeminale to the median plane. Distances did not signifi-
cantly differ between the groups.

On each side, two planes were drawn passing through the supra and infraorbital
foramen and perpendicular to the horizontal plane. The position of the impression trigem-
inale was evaluated according to this plane. In most of the control patients, this plane
intersects with impression trigeminale (70% on the right and 65% on the left side), 70% in
the right and 67% in the left-side TN groups. This plane did not intersect with impression
trigeminale and deviates in certain degrees (Figure 3).

Examination of the trigeminal neuralgia patients revealed that there was more dis-
tance between FOS-FR and FOS-FO than control patients (Table 3). Besides, the distance
between the FOS-posterior clinoid and FR-posterior clinoid is higher than in normal patients
(Table 4).
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Table 1. The dimensions of the foramen ovale, rotundum, supraorbitale and infraorbitale comparison
in trigeminal neuralgia patients and control subjects. The same letters indicate statistical significance,
which is less than 0.05.

Foramen
Ovale

TN Patients Control Subjects

p-ValueLOW LOL ROW ROL LOW LOL ROW ROL

n = 20 n = 20 n = 21 n = 21 n = 40 n = 40 n = 40 n = 40

Mean 4.8 a 6.6 b 4.7 c 6.3 d 5.8 a 7.8 b 5.8 c 7.9 d

<0.05
SD ±0.66 ±0.79 ±1.20 ±1.14 ±0.65 ±0.76 ±0.77 ±1.03

Min 3.8 5.8 2.5 4.0 4.7 6.4 4.5 6.1

Max 6.1 8.3 6.9 7.8 7.1 9.0 7.2 10.6

Foramen
Rotundum LRW LRL RRW RRL LRW LRL RRW RRL

Mean 3.0 3.4 3.1 3.2 3.0 3.7 3.2 3.7

>0.05
SD ±0.29 ±0.55 ±0.62 ±0.70 ±0.53 ±0.5 ±0.49 ±0.42

Min 2.6 2.3 2.5 2.0 2.2 2.8 2.4 2.9

Max 3.4 3.7 4.2 4.2 4.5 4.8 4.5 4.4

Foramen
Supraorbitale LSOW LSOL RSOW RSOL LSOW LSOL RSOW RSOL

Mean 3.1 2.4 e 3.1 2.4 f 2.9 3.6 e 2.8 3.6 f

<0.05
SD ±0.88 ±0.55 ±0.68 ±0.48 ±0.46 ±0.58 ±0.42 ±0.44

Min 2.4 1.6 2.1 1.6 2.3 2.5 2.2 2.7

Max 4.6 3.3 4.4 3.5 4.0 4.7 3.6 4.3

Foramen
Infraorbitale LIOW LIOL RIOW RIOL LIOW LIOL RIOW RIOL

Mean 2.7 2.2 g 3.0 2.5 h 2.9 3.6 g 2.8 3.5 h

<0.05
SD ±0.65 ±0.50 ±0.66 ±0.55 ±0.45 ±0.62 ±0.43 ±0.56

Min 2.1 1.6 2.1 1.8 2.2 2.5 2.2 2.5

Max 4.1 3.2 4.0 3.5 3.7 4.5 3.7 4.8

Abbreviation: LOW, left ovale width; LOL, left ovale length; ROW, right ovale width; ROL, right ovale length;
LRW, left rotundum width; LRL, left rotundum length; RRW, right rotundum width; RRL, right rotundum length;
LSOW, left supraorbitale width; LSOL, left supraorbitale length; RSOW, right supraorbitale width; RSOL, right
supraorbitale length; LIOW, left infraorbitale width; LIOL, left infraorbitale length; RIOW, right infraorbitale
width; RIOL, right infraorbitale length.

Table 2. The distances between the supraorbital, infraorbital foramen, impressio trigeminale, and
median plane.

TN Patients Control Subjects

p-ValueSO-MP IO-MP I TR-MP SO-MP IO-MP I TR-MP

Right Left Right Left Right Left Right Left Right Left Right Left

Mean 24.6 25.1 24.9 24.9 26.5 26.3 25.9 26.2 24.3 25.4 26.8 26.7

>0.05
SD ±3.68 ±2.99 ±3.10 ±2.44 ±4.42 ±3.43 ±2.63 ±3.09 ±2.89 ±3.34 ±3.59 ±3.67

Min 17.7 22.1 20.2 19.7 20.4 20.6 21.0 21.1 20.9 19.6 21.8 20.7

Max 32.8 32.1 31.2 29.8 38.2 37 28.9 32.7 30.3 32.7 36.8 35.7

Abbreviation: SO-MP, supraorbital foramen to median plane distance; IO-MP, infraorbital foramen to median
plane distance; I TR-MP, Impressio trigeminale to median plane distance.
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Figure 3. Three-dimensional representation of a TN patient’s skull. No intersection was found on the
left side between the supraorbital-infraorbital foramen and impressio trigeminale.

Table 3. The distances between the superior orbital fissure, rotundum, and ovale foramen in trigemi-
nal neuralgia patients and control subjects. The same letters indicate statistical significance which is
less than 0.05.

TN Patients Control Subjects

p-ValueFOS-FR FR-FO FOS-FO FOS-FR FR-FO FOS-FO

Right Left Right Left Right Left Right Left Right Left Right Left

Mean 6.4 a 7.5 b 13.0 13.0 20.4 c 20.4 d 5.4 a 5.1 b 13.3 12.3 18.8 c 18.1 d

<0.05
SD ±1.61 ±2.14 ±2.0 ±1.58 ±1.85 ±2.93 ±1.33 ±1.8 ±1.97 ±2.15 ±1.98 ±2.15

Abbreviation: FOS-FR, fissura orbitalis superior to foramen rotundum distance; FR-FO, foramen rotundum to
foramen ovale distance; FOS-FR, fissura orbitalis superior to foramen ovale distance.

Table 4. The distances between the superior orbital fissure, rotundum, and ovale foramen to the
anterior, middle, and posterior clinoid processes in trigeminal neuralgia patients and control subjects.
The same letters indicate statistical significance which is less than 0.05.

TN Patients Control Subjects

p-ValueFOS-ANTC FR-ANTC FO-ANTC FOS-ANTC FR-ANTC FO-ANTC

Right Left Right Left Right Left Right Left Right Left Right Left

Mean 17.0 16.9 20.5 19.6 23.6 24.1 16.6 16.0 19.9 18.5 24.9 23.6
>0.05

SD ±2.21 ±1.67 ±3.8 ±2.56 ±2.6 ±2.37 ±2.21 ±2.09 ±2.28 ±2.24 ±2.29 ±2.02

FOS-MEDC FR-MEDC FO-MEDC FOS-MEDC FR-MEDC FO-MEDC

Mean 19.2 20.2 23.1 23.3 28.9 29.7 18.8 19.1 22.6 22.2 29.5 29.2
>0.05

SD ±2.61 ±2.38 ±3.38 ±2.05 ±2.09 ±2.21 ±2.24 ±2.35 ±2.63 ±2.41 ±2.26 ±2.2

FOS-POSTC FR-POSTC FO-POSTC FOS-POSTC FR-POSTC FO-POSTC

Mean 23.7 a 23.9 b 26.2 c 25.4 d 26.9 27.0 21.0 a 20.9 b 23.6 c 22.9 d 26.6 26.2
<0.05

SD ±2.97 ±1.96 ±3.07 ±2.67 ±2.28 ±2.18 ±2.24 ±2.58 ±2.51 ±2.84 ±2.1 ±2.62

Abbreviation: FOS-ANTC, fissura orbitalis superior to anterior clinoid distance; FR-ANTC, foramen rotundum
to anterior clinoid distance; FO-ANTC; foramen ovale to anterior clinoid distance; FOS-MEDC, fissura orbitalis
superior to medial clinoid distance; FR-MEDC, foramen rotundum to medial clinoid distance; FO-MEDC; foramen
ovale to medial clinoid distance; FOS-POSTC, fissura orbitalis superior to posterior clinoid distance; FR-POSTC,
foramen rotundum to posterior clinoid distance; FO-POSTC; foramen ovale to posterior clinoid distance.
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4. Discussion

The overall incidence of trigeminal neuralgia ranges from 40–50 cases per one million
people. Trigeminal neuralgia occurs in females almost twice as often as males. It is a
common cause of facial pain and its exact reason still remains unknown [11]. Conser-
vative medical treatment is widely used to relieve trigeminal neuralgia’s sudden, sharp,
and paroxysmal pain. Some invasive (microvascular decompression of trigeminal nerve,
partial sensory rhizotomy, internal neurolysis, cryotherapy) and non-invasive procedures
(stereotactic radiosurgery and low-level laser therapy) are performed for medical treatment
failures [12].

Many hypotheses and ideas have been brought forward to clarify the development of
TN. Although vascular compression may cause idiopathic TN, this compression may also
be found in asymptomatic patients. Neto et al. [6] hypothesized that the higher incidence
of the TN on the right side might be due to the asymmetric developments of the foramen,
which is narrower on the right side. Bangash [13] also reported 64% of the TN occurred on
the right side. Our results showed that trigeminal neuralgia does not differ between sides.
On the contrary, Capel and Peltier [14] incriminate arterial or vascular compression by the
superior cerebellar artery, the vein of Dandy, or the transverse pontine vein.

Studies were focused specifically on the size of the foramen rotundum and foramen
ovale in TN patients. A previous study indicated that the mean width and length of the
FO and FR did not significantly differ between the TN patients and healthy subjects [15].
They reported that the average size of the left- and right-side foramen ovale was
4.9 × 5.5 and 4.8 × 6.04 mm in TN patients and 4.1 × 7.6 and 3.7 × 8.2 mm in the
control group without any significant differences. They also found the average size
of the left and right-side foramen rotundum was 2.8 × 2.9 and 3.04 × 3.2 mm in TN
patients and 2.5 × 3.1 and 2.4 × 3.2 mm in control groups. Another study conducted by
Liu et al. [16] found that the mean measurements did not significantly differ between
the TN and volunteer groups in terms of foramen sizes, but a significant difference was
found in the aspect ratio of the foramen ovale between the painful and non-painful side
in the TN group. Our results disagree with the previous study in terms of foramen ovale
measurements. These differences may be due to the measurement techniques that previ-
ous studies used in cross-sectional CT images. On the contrary, a 3D surface-rendering
program was used in the present study. However, our TN group measurements between
the pain and non-pain sides were also significantly different whereas non-pain sides had
similar measurements to the control group.

In the present study, the supraorbital foramen length measuring approximately 2.6 mm
in the TN group and 3.6 mm in control patients were determined, similar to the other studies,
where the height of the foramen was found between 2.5 and 3.5 mm [17–19]. Therefore,
reduced vertical diameter might also play a role in trigeminal neuralgia but further studies
are needed to understand the mechanism.

Regarding the infraorbital measurements, Nanayakkara et al. [20] stated that the width
and length of the infraorbital foramen were 3.27 and 3.11 mm, and 3.33 and 3.31 mm on the
right and left side, respectively. Orhan et al. [21] defined the same measurements as 3.52
and 4.84 mm and 3.66 and 4.82 mm on both sides. These previous study results are very
similar to measurements in our control group.

According to the results of this study, of 68.4% of sides with trigeminal neuralgia, the
supraorbitale-infraorbitale plane did not intersect with impressio trigeminale. However, in
75.4% of healthy sides, supraorbitale–infraorbitale planes intersect with impressio trigemi-
nale. Due to the lack of a previous study with regards to the estimation of the prevalence
of this condition, there are no available data in the literature to make a comparison with
our results.

The limitation of this study was the absence of soft tissue assessment. The present
study compared only hard tissue changes in TN patients and normal subjects, therefore
soft tissue evaluations are also needed in further studies.
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To the best of our knowledge, the present study is the first to measure and compare the
distances between the FO, FR, FOS, and these foramen to clinoid processes in trigeminal
neuralgia patients and healthy individuals. These foramen are of great surgical and diag-
nostic importance in procedures such as percutaneous trigeminal rhizotomy for trigeminal
neuralgia, transfacial fine needle aspiration technique in the perineural spread of the tumor,
and electroencephalographic analysis for seizures.

As a consequence, the determination of specific landmarks allows customization to
individual patient anatomy and may help the surgeon achieve a more selective effect with
a variety of percutaneous procedures.
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