Turk Neurosurg 30(2):271-276, 2020

Original Investigation

Received: 22.08.2019
Accepted: 08.11.2019

DOI: 10.5137/1019-5149.JTN.27735-19.2

Published Online: 13.02.2020

Significance of the Cerebellopontine Cistern Cross-Sectional
Area and Trigeminal Nerve Anatomy in Trigeminal Neuralgia:
An Anatomical Study Using Magnetic Resonance Imaging
Aylin GUNESLI1, Kadir TUFAN2
1
2

Baskent University, Department of Radiology, Ankara, Turkey
Baskent University, Department of Neurosurgery, Ankara, Turkey

This study has been presented as an poster presentation at the European Society of Neuroradiology 41st Annual Meeting between 19 and 23 September
2018 at Rotterdam, The Netherlands

Corresponding author: Kadir TUFAN

 kadirtufan@hotmail.com

ABSTRACT
AIM: To evaluate the relationship between trigeminal neuralgia (TN) and potential magnetic resonance imaging (MRI)-related
measurements in patients with TN.
MATERIAL and METHODS: Retrospective analysis of 104 patients with TN was performed. MRI studies of 98 healthy controls were
included in the study to compare the parameters with TN patients’ measurements. MRI measurements of cerebellopontine cistern
(CPC) cross-sectional area, trigeminal-pontine angle (TPA) width, and trigeminal nerve cisternal segment length and thickness were
assessed on both symptomatic and asymptomatic sides using 1.5T MRI with constructive interference in steady-state sequences.
The images were interpreted by two radiologists blinded to the affected sides of the patients.
RESULTS: There were significant differences between the symptomatic and asymptomatic sides in terms of mean trigeminal nerve
length (8.8 ± 2.34 mm vs. 9.39 ± 2.29 mm; respectively, p=0.001) and thickness (20.9 ± 9.6 mm2 vs. 25 ± 9.98 mm2, respectively;
p<0.001). The median cerebellopontine cistern cross-sectional area was considerably lower on the symptomatic side compared
with the asymptomatic side [201 mm2 (interquartile range=93) vs. 224.5 mm2 (interquartile range=77), respectively; p<0.001].
There were no significant differences between the trigeminal-pontine angle width on either side (38.32 ± 10.38 vs. 38.78 ± 10.9,
respectively; p=0.679). There were no statistically significant differences between the right and left sides regarding these parameters
in the control group.
CONCLUSION: Smaller CPC cross-sectional area, trigeminal nerve length, and trigeminal nerve thickness on MRI were demonstrated
to commonly exist on the symptomatic side in patients with TN. We suggest that this narrow space may increase the risk of vascular
compression on the nerve.
KEYWORDS: Trigeminal neuralgia, Trigeminal nerve length, Trigeminopontine angle, Cerebellopontine cistern, Magnetic resonance
imaging

█

INTRODUCTION

T

he trigeminal neuralgia (TN) presents with a sudden
onset of severe, unilateral, and paroxysmal pain
including one or more branches of the trigeminal nerve
(13,15,20). The ophthalmic branch (V1), the maxillary branch
(V2), and the mandibular branch (V3) was involved in 17%,
67%, and 50% of the patients, respectively. TN is a unique
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type of neuropathic pain and was first described in 1773 by
John Fothergill. It has a prevalence of 200 in 100,000 and an
incidence of 2.7 in 100,000 per year (6,17).
Neurovascular compression (NVC) syndrome is described as
mechanical compression of cranial nerves by blood vessels.
Arteries cause symptomatic NVC syndrome more frequently
than veins (6). The anterior inferior cerebellar artery, superior
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cerebellar artery, and basilar artery commonly compress
vessels to the trigeminal nerve (4). TN is the most common type
of NVC syndrome (10). The region from which the trigeminal
nerve exits the brain stem and reaches Meckel’s cave is the
most common site of NVC. In addition to the secondary causes
of TN, such as tumors, multiple sclerosis, arteriovenous
malformations, and trauma, NVC is the most common
causative factor of classic or idiopathic TN (1,15). The exact
cause underlying NVC is unknown; however, some anatomical
variations have been described that have a tendency toward
TN. Vascular variations, such as dolichoectasia, an aberrant
vessel loop, and tortuosity are the most reported and wellknown anatomical variations (12,13,15). Other than vascular
variations, smaller cerebellopontine cistern (CPC) crosssectional area (CPCA) and sharper trigeminal-pontine angle
(TPA) were reported to be associated with increased risk for
NVC (11,21). Trigeminal atrophy is a common morphological
finding of TN and is often accompanied by distortion, groove
formation, and deviation. It can be assessed by measuring
the area and length of the cisternal segment of the trigeminal
nerve (7,11).
Magnetic resonance imaging (MRI) is an efficient modality for
imaging posterior fossa structures, and it can help exclude the
secondary causes of TN (9). In an MRI study conducted by
Ha et al., a sharp TPA was associated with increased TN risk
(11). Park et al. showed that nerve atrophy and small CPCA
were related to TN (19). High-resolution MRI has allowed
radiologists to achieve a detailed image of the cisternal and
Meckel’s cave segments of the trigeminal nerves (5,10). As
a standard sequence for imaging TN, high-resolution threedimensional (3D) T2-weighted steady-state free precession
sequences, such as FIESTA or 3D-CISS, provide high contrast
and high spatial resolution between the cerebrospinal fluid
and the neurovascular tissues (5,10). Blitz et al. hypothesized
that adding intravenous contrast material to 3D-CISS
sequences, which appear to be T2-weighted but have both
T2- and T1-weighting, would improve the contrast between
enhanced vessels and adjacent unenhanced trigeminal nerve
roots (5). In addition, 3T and higher-field MRI images provide
increased diagnostic sensitivity and specificity for significant
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improvement in different neurologic disorders, such as TN (10).
In this study, we aimed to analyze the relationship between TN
and several relevant MRI-related measurements, such as the
CPC cross-sectional area, TPA width, and the trigeminal nerve
cisternal segment cross-sectional area and length, in patients
with TN.
█

MATERIAL and METHODS

Patients
Our study sample included 106 patients with classical TN who
were diagnosed at our center between 2011 and 2018. TN
was diagnosed according to the International Classification
of Headache Disorders (2004), which includes persistent
symptoms for six months and resistance to medical therapy.
Patients with secondary TN and bilateral symptoms were
excluded.
A total of 98 MRI studies of healthy individuals were evaluated
to serve as a control group. These MRI studies were previously
performed for reasons that were not related to cerebellopontine
angle pathologies.
This retrospective study was approved by the Baskent
University Ethics Committee. Informed consent was obtained
from all the patients.
Imaging and Measurement Procedures
All patients were examined with a single MR scanner (1.5T MRI
System Magnetom Avanto; Siemens, Erlangen, Germany).
High-resolution T2-weighted CISS sequences with a section
thickness of 0.6 mm were used to measure the related
parameters (repetition time: 1,000 ms; echo time: 263 ms;
Acq Matrix: 320 × 320 mm; voxel size: 0.6 mm × 0.6 mm × 0.6
mm). The images were interpreted by 2 radiologists who were
blinded to the affected side of the patients. The CPCA was
measured from the basilar artery to the cerebellar floccules
and was limited by the posterior surface of the petrous bone
(Figure 1A, B). The trigeminal nerve length was measured from
the zone where the nerve exits the pons to the entry point
of Meckel’s cave (Figure 2A, B). The cross-sectional area of
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Figure 1A, B: 51-year-old male with 3-year history of left sided trigeminal neuralgia. Cross-sectional area of the cerebellopontine cistern.
The area is smaller on the symptomatic side.
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Figure 2 A, B: 55-year-old male with a 4-year history of left sided trigeminal neuralgia. Axial images of trigeminal root at the level of
Meckel’s cave. Measurements of the length of the trigeminal nerve. The trigeminal nerve length is shorter on the symptomatic left side.
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Figure 3 A, B: 50-year-old female who had left sided trigeminal neuralgia for 8 years. Cross-sectional area of the trigeminal nerve area
at the level of Meckel’s cave. The measurement is smaller on the symptomatic left side.

the cisternal segment of the trigeminal nerve was measured
in axial images (Figure 3A, B). TPA was defined as the angle
between the medial margin of the trigeminal nerve and the
anterior surface of the pons (Figure 4).
Statistical Analysis

Figure 4: 51-year-old male with a 3-year history of left sided
trigeminal neuralgia. MRI is showing delineation of the angle
between the trigeminal nerve and anterior surface of the pons.

Continuous variables were tested for a normal distribution
with the Kolmogorov–Smirnov test. The results for normally
distributed variables were expressed as the mean ± standard
deviation and non-normally distributed variables were
expressed as the median and interquartile range (IQR).
Categorical variables were shown as absolute values and
percentages. A paired samples t-test or independent samples
t-test was used to compare the two groups with respect to the
variables with a normal distribution and homogeneous group
variance as appropriate (paired samples t-test for dependent
variables, independent samples t-test for independent
variables). Variables that had a non-homogenous distribution
were compared with a Wilcoxon signed-rank test. Categorical
variables of independent samples were compared with a chi-
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squared test and categorical variables of dependent samples
were compared with a McNemar test and p<0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS version 20 (SPSS, Chicago, IL, USA).
█

RESULTS

TN Group
A total of 106 patients with TN were included in the study. The
mean age was 57.6 ± 14.7 years (mean ± standard deviation,
range: 20–89 years), and 35.8% of the population were male
(38/126). Table I shows the comparison of the trigeminal
nerve cross-sectional area and length, TPA, and CPCA
measurements between the symptomatic and asymptomatic
sides. The mean trigeminal nerve length was significantly
smaller on the symptomatic side (p=0.001). The trigeminal
nerve area on the symptomatic side was significantly
smaller than on the asymptomatic side (p<0.001). The mean
CPCA was also smaller on the symptomatic side than on
the asymptomatic side (p<0.001). However, there were no
significant differences in the TPA values between the 2 sides
(p=0.679). NVC was detected in 79% of the patients on the
symptomatic side, whereas detection on the asymptomatic
side was 36% (p<0.001).
Control Group
A total of 98 healthy controls were included in the study to
compare the parameters with measurements in patients with
TN. The baseline clinical characteristics, such as age and
sex, were similar for the control and TN groups. There was no
statistically significant difference in the trigeminal nerve length,
trigeminal nerve area, TPA, and CPCA between right and left
sides in the control group (Table II). When evaluating the MRI

studies in the healthy control group, NVC was detected in
26% of the individuals.
Comparison of TN and Control Groups
Only 26% of the individuals in the control group had NVC and
the NVC ratio was much higher in the patient group (79%,
p<0.001).
In the comparison of the trigeminal nerve cross-sectional area
and length, TPA, and CPCA measurements for the right and
left side, there was a statistically significant difference in the
TN group. However, these parameters were similar between
the right and left sides in the control group.
█

DISCUSSION

The main pathophysiology of classical TN has been a matter
of continuous debate. TN diagnosis is typically determined
clinically. MRI is mainly used to determine the neurovascular
contact and to exclude secondary TN (2).
It is well-known that NVC can also be seen in healthy
individuals. Without clinical evaluation, MRI has a low
diagnostic specificity for TN (5,6). However, the incidence
of NVC detection with MRI is much higher in TN patients on
the symptomatic side. In the present study, we found NVC in
79% of the patients with TN and 26% of the individuals in the
control group.
The relationship between trigeminal nerve atrophy and TN as
well as surgical series reporting smaller measurements for the
nerve on the affected side have convinced investigators to use
MRI measurements as diagnostic parameters for TN (8,16).
A smaller trigeminal nerve, CPCA, and TPA width, which are
related to NVC and nerve atrophy, are the MRI parameters

Table I: Comparison of the Trigeminal Nerve Area, Length, Trigeminal-Pontine Angle, and Cerebellopontine Cistern Cross-Sectional Area
Measurements

Symptomatic side

Asymptomatic side

p

Trigeminal nerve area (mm2)

20.9 ± 9.6

25 ± 9.98

<0.001

Trigeminal nerve length (mm)

8.8 ± 2.34

9.39 ± 2.29

0.001

TPA (°)

38.32 ± 10.38

38.78 ± 10.9

0.679

CPCA (mm2)

201 (IQR=93)

224.5 (IQR=77)

<0.001

CPCA: Cerebellopontine cistern cross-sectional area, IQR: Interquartile range, TPA: Trigeminal pontine angle.

Table II: Comparison of Trigeminal Nerve Area, Length, Trigeminal-Pontine Angle and Cerebellopontine Cistern Cross-Sectional Area
Measurements in the Control Group

Right side

Left side

Trigeminal nerve area (mm2)

28.08 ± 7.97

27.49 ± 8.56

0.127

Trigeminal nerve length (mm)

10.48 ± 1.63

10.59 ± 1.88

0.38

TPA (°)

36.7 ± 8.96

36.6 ± 7.87

0.862

200 (IQR=63)

215 (IQR=53)

0.268

CPCA (mm2)

CPCA: Cerebello pontine cistern cross-sectional area, IQR: Interquartile range, TPA: Trigeminal pontine angle.
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of diagnostic interest (7,11). Studies have shown that certain
morphological changes, including axonal loss, axonopathy,
demyelination, dysmyelination, residual myelin debris, and
collagen deposition, can occur following chronic physical
stress and may lead to trigeminal nerve atrophy in patients
with TN (9). As for other indicators of nerve atrophy, a smaller
trigeminal nerve length was shown to occur more frequently
on the symptomatic side of patients with TN (19).

may enhance TN diagnosis. Smaller CPC cross-sectional
area, trigeminal nerve lengths, and trigeminal nerve thickness
on MRI, were demonstrated to commonly exist on the
symptomatic side in patients with TN. We suggest that this
narrow space may increase the risk of vascular compression
on the nerve.

Erbay et al. reported that the nerve diameter and crosssectional area were 20% and 28% smaller on the symptomatic
side, respectively, according to the asymptomatic side. In
their study of 36 patients with TN, nerve area was significantly
smaller on the affected side compared with the unaffected side
(4.50 ± 1.75 mm2 and 6.28 ± 2.19 mm2, respectively; p=0.0001),
which is consistent with our results (20.9 ± 9.6 mm2 vs. 25 ±
9.98 mm2, respectively; p<0.001) (9). Horinek et al. revealed
that the volume of the involved nerve was 28% smaller than
the unaffected nerve in the18 patients with TN in their study;
however, only 7 of the 18 patients demonstrated nerve atrophy
on MRI (14). According to Antonini et al., nerve atrophy and
displacement were highly specific (97%). Moreover, when
REZ contact and nerve atrophy coexisted, both specificity and
positive predictive value increased to 100%. However, MRI
has low selectivity because neurovascular contact might be
detected in some asymptomatic individuals (3). Parise et al.
measured the cross-sectional CPCA bilaterally utilizing axial
T2 weighted, 3D CISS sequences (18). The CPCA was found
to be significantly smaller on the side in which the trigeminal
nerve was affected. Rasche et al. also reported that a smaller
CPCA may be associated with an increased incidence of
NVC between the trigeminal nerve and surrounding vessels
(21). These reports were consistent with our study. Our
results clearly demonstrated that the MRI measurements
of trigeminal nerve length, trigeminal nerve area, and CPCA
were all significantly smaller on the symptomatic side of the
patients with TN. In terms of TPA measurements, there were
no significant differences between the symptomatic and
asymptomatic sides in our patients, which is opposite to the
findings of Ha et al. (11).

1. Agrawal SM, Kambalimath DH: Trigeminal neuralgia involving
supraorbital and infraorbital nerves. Natl J Maxillofacsurg
1:179-182, 2010

There are some limitations in our study. First, common
to any retrospective analysis at a single institution, some
unpredictable biases may have altered our results. Second,
the manual measurements of MRI-related parameters may
have caused inter-observer variability. Third, measurements
obtained using 1.5T MRI may have diminished the reliability
of the results, compared to studies using 3T MRI. However,
the use of a larger patient cohort than in most contemporary
studies and the simultaneous evaluation of 4 different
parameters in the same cohort appear to be the strengths of
the current study.
█

CONCLUSION

Although symptoms and clinical examinations are the
established steps of the diagnostic algorithm used in patients
with TN, evaluations of MRI-related measurements, such as
the CPCA and the area and length of the trigeminal nerve,

█
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