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Abstract

Background Trigeminal neuralgia (TN) is primarily diag-
nosed by symptoms and patient history. Magnetic resonance
(MR) imaging can be helpful in visualizing the neurovas-
cular compression of the trigeminal nerve in TN patients,
but the current parameters used as diagnostic markers for
TN are less than optimal. The aim of this study is to assess
whether the angle between the trigeminal nerve and the pons
(the trigeminal-pontine angle) on the affected side of
patients with idiopathic TN differs from that of the unaffect-
ed side and that found in controls without TN.

Methods A case-control study of 30 clinically diagnosed idi-
opathic TN patients aged 30 to 79 years and 30 age- and sex-
matched controls was conducted. We compared the trigeminal-
pontine angle and trigeminal nerve atrophy via fast-imaging
employing steady-state acquisition (FIESTA) MR imaging.
Results A sharp trigeminal-pontine angle was observed in 25
patients (25/30) on the affected side. As such, the mean angle
of the trigeminal nerve on the affected side (40.17) was
significantly smaller than that on the unaffected side (48.91,
»=0.001) and that in the control group (52.02, p<0.001).
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Conclusions A sharp trigeminal-pontine angle on the affect-
ed side was found in idiopathic TN patients by FIESTA
imaging. This suggests that a sharp trigeminal-pontine angle
increases the chance of neurovascular compression on the
medial side of the trigeminal nerve.
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Introduction

Trigeminal neuralgia (TN) is characterized by recurrent
episodes of brief, sudden, stabbing pain that is usually
unilateral and is distributed through one or more branches
of the fifth cranial nerve [17]. Although trigeminal neuralgia
is diagnosed by symptoms and patient history, magnetic
resonance (MR) imaging, especially fast-imaging employ-
ing steady-state acquisition (FIESTA) imaging and con-
structive interference steady state (CISS) imaging, are
useful in visualizing the neurovascular compression be-
tween the trigeminal nerve and the surrounding blood ves-
sels [15]. It is known that atrophy of the trigeminal nerve, a
small cerebellopontine angle (CPA) cistern, a small ponto-
mesencephalic cistern, and the length of the cisternal seg-
ment of the trigeminal nerve are diagnostic markers for TN
[13, 21, 23]. However, nerve atrophy on MR imaging is
hard to delineate, and the volume of the CPA cistern is
difficult to measure.

Although dolichoectatic vessels or large offending ves-
sels have occasionally been found in patients with TN [4],
and Gudmundsson et al. reported on the angle between the
longest diameter of the cross-section and the long axis of the
body [6], a sharp angle between the trigeminal nerve and the
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pons has not been recognized as a clinically meaningful
parameter. This angle difference is thought to be one of
the structural features that contribute to Caucasians having
a higher prevalence of TN than Asians, and is due to
Caucasians having a scaphocephalic skull morphology [11,
12, 26]. The focus of the novel work presented here is to
demonstrate the clinical utility of measuring the angle be-
tween the trigeminal nerve and the pons (trigeminal-pontine
angle).

It is thought that a sharp angle may increase the chance of
neurovascular compression on the medial side of the trigem-
inal nerve. Thus, we hypothesized that a sharp trigeminal-
pontine angle may be a useful additional diagnostic factor
for idiopathic TN. We also examined atrophy of the trigem-
inal nerve by dividing the segment and confirmed previous
reported parameters. To test our hypothesis, patients with
idiopathic TN and a control group underwent FIESTA
imaging.

Materials and methods
Patients

Between February 2006 and January 2010, 30 patients with
TN who were treated at our center were included in this
study. Patients diagnosed with secondary trigeminal neural-
gia or tic convulsif and those who had bilateral symptoms
were excluded from the study. The patient population in-
cluded 24 women and six men and had a mean age of
60.7 years (range 30-79 years). Sixteen patients had right-
sided TN, and 14 patients had TN on the left side. All but
five patients in this study complained of V2 or V3 branch
pain, and the average symptom duration at diagnosis was
75 months. The mean score of the patients on the Barrow
Neurological Institute (BNI) pain scale was 3.7, and two
patients complained of sensory changes. The clinical man-
ifestations of TN found in the patients in this study are
summarized in Table 1. Sixteen patients underwent micro-
vascular decompression, three patients were treated by glyc-
erol injection, two patients underwent radiofrequency
ablation, one patient underwent Novalis stereotactic radio-
surgery (BrainLAB, Heimstetten, Germany), and nine
patients were treated conservatively with medication.

The patients were matched for age and sex with patients
with hemifacial spasm, who served as the control group, and
both groups were evaluated by FIESTA MR imaging
(Table 2).

Imaging procedures

Patients were evaluated by MR imaging at the time of
diagnosis. Examinations were performed with a clinical
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3.0-T whole-body MR system (SIGNA excite HDXT
3.0 T; GE Healthcare) with an eight-channel head coil.
Initially, multiplane localizations were performed to ensure
the scan range. Imaging with the Fast Imaging Employing
Steady State Acquisition protocol (TR/TE, 6.5/2.3; FOV,
160-mm flip angle, 60; matrix, 448x256; axial thickness,
1.0 mm; bandwidth, 62.5) was subsequently performed.

All images were transferred to a post-processing work-
station (Advantage Workstation, ADW 4.3, GE Medical
Systems). Multiplanar reconstruction was utilized on the
workstation to evaluate the various cerebellopontine angle
structures. Images were reconstructed in the sagittal, coro-
nal, and axial planes. The reformatted images were magni-
fied to facilitate the measurement of the diameter and cross-
sectional area of the target.

Imaging analysis

Two observers who were blinded to which side of a patient’s
face was symptomatic independently measured diagnostic
parameters. For each parameter in the patients we used the
average of the two observers’ measurements, whereas for
the controls we used the average of both sides of the face.
The angle between the medial margin of the trigeminal
nerve and the anterior surface of the pons at the root exit
zone (REZ) was measured in the axial view with the Maro-
sis m-view program (Infinitt Co., Seoul, Korea) (Fig. 1).
Additionally, we measured the cross-sectional area of the
CPA cistern between the anterolateral surface of the pons
and cerebellum and the posterior surface of the petrous
bone. Atrophy of the trigeminal nerve was measured by
separating the axial cisternal segment at the level of the
REZ, the axial cisternal and ganglional segments at the level
of the REZ, and the coronal cross-sectional area at the
ambient cistern. The short-axis length of the trigeminal
nerve was measured in the middle portion of the cisternal
segment of the nerve at the level of the REZ. The length of
the cisternal segment of the trigeminal nerve was measured
as the length from the REZ to the narrow aperture of
Meckel’s cave, and the cross-sectional area of Meckel’s cave
was measured as the space between the cerebellar tentorium
(laterally), the lateral wall of the cavernous sinus (medially),
and the margin of the petrous bone (posteriorly). Parameters
were measured in both patients and the control group

(Fig. 2).
Statistical analysis

The trigeminal-pontine angle and the atrophy of the trigem-
inal nerve were compared in the affected side of TN patients
versus the unaffected side and controls by the ¢ test for
dependent samples. All analyses were performed with SPSS
Version 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
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Table 1 Clinical summary of the 30 patients with trigeminal neuralgia

Case no.  Age (years) Sex  Location  Symptom duration  CNV branch  BNI  Therapy  Offending vessel
(months)

1 57 M R 76 2 4 MVD SCA

2 48 F R 24 3 4 MVD SCA and primitive trigeminal artery

3 56 F R 24 2 3 Med SCA

4 70 F R 132 12 4 MVD vein (Op finding)

5 72 F R 60 3 3 Med AICA and PICA

6 71 F L 5 23 3 Med SCA

7 57 F R 48 2 5 MVD vein (Op finding)

8* 39 M L 1 2 2 Med SCA

9 72 F L 6 3 5 MVD VA

10 79 F L 14 23 4 SRS AICA

11 68 F L 72 23 4 MVD AICA

12 43 F L 12 123 5 MVD SCA

13 63 F R 180 3 4 MVD vein (Op finding)

14 67 F L 144 23 5 RF SCA

15 30 F R 36 3 4 MVD SCA

16 60 F L 123 123 3 MVD SCA

17 64 F R 12 2 3 Med VA & AICA

18 76 F R 120 2 4 Med PICA

19 71 F L 120 23 4 MVD AICA

20 72 M R 108 3 3 RF SCA

21 70 M L 60 23 3 glycerol VA

22 46 F R 60 23 4 MVD SCA

23 51 F L 120 12 4 MVD AICA

24%* 61 F R 6 3 3 glycerol  SCA

25 51 F L 1 23 5 glycerol ~ SCA &AICA

26 66 F R 504 2 3 MVD SCA

27 64 M L 60 2 3 MVD SCA

28 65 F R 84 23 4 MVD AICA

29* 45 M L 3 123 2 Med AICA

30 66 F R 36 2 4 Med SCA

*Patients in which a definite offending vessel was not found on MRI

MVD microvascular decompression, RF radiofrequency, Med medication, SCA superior cerebellar artery, 4ICA anterior inferior cerebellar artery,
PICA posterior inferior cerebellar artery, VA vertebral artery, BNI Barrow Neurological Institute pain scale, CN V trigeminal nerve

Table 2 Comparison of age and sex between the case and control groups

Cases Controls
(TN patients) (HFS patients)
Age (years) 30-39 2 2
40-49 3 3
50-59 5 5
60-69 12 12
70-79 8 8
Sex M 6
F 24 24

TN trigeminal neuralgia, HF'S hemifacial spasm

A probability value of p = 0.05 or less was accepted as
indicating statistical significance.

Results

Nerve-vessel conflict was present on MR imaging on the
symptomatic side in 24 out of 30 patients, whereas six
patients presented with no definite offending vessel on
MRI. In three of these six patients, a nerve-vessel conflict
was identified during the operation. Due to this difference in
MR imaging findings among the patients, in addition to
comparing the symptomatic side of the patients (affected
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Fig. 1 Delineation of both angles between the trigeminal nerve and the
pons

side) with the patients’ unaffected side and controls, we also
stratified the patients into a definite offending vessel group
(definite offenders) and an indefinite offending vessel group
(indefinite offenders) and compared these two groups in
terms of various parameters. Table 3 show comparisons of
various parameters between the affected side of patients

Fig. 2 Imaging parameters. Cross-sectional area of the cisternal seg-
ment of the trigeminal nerve (a), cross-sectional area of the cisternal
and ganglional segment of the trigeminal nerve (b), cross-sectional
area of trigeminal nerve in coronal view (c), short-axis length of the
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with trigeminal neuralgia with the non-affected side and
the control group.

Sharp trigeminal-pontine angle in TN patients

There were statistically significant differences in the
trigeminal-pontine angle in the affected side compared to the
unaffected side and the control group (p=0.001 and p<0.001,
respectively). The mean angle was 40.17 (range 22.8-68.98)
on the affected side, 51.39 (range 25.80—70.74) on the unaf-
fected side, and 52.02 (range 37.35-68.44) in the control
group. A relatively sharp angle was present on the affected
side in 25 patients (83.33%) and on the unaffected side in five
patients. In the control group, there was not a significant
difference in the trigeminal-pontine angle between the right
and left sides.

Atrophy of the trigeminal nerve

The mean cross-sectional area of the cisternal segment of the
trigeminal nerve was 22.73 mm? (range 8.58-45.61 mm?) on
the affected side and 25.83 mm? (range 10.77-54.56 mm?) on
the unaffected side. Thus, the mean cross-sectional area of the
cisternal segment was significantly smaller (87.99%) on the
affected side than the unaffected side (»=0.005). In the control
group, there was not a significant difference in the cross-
sectional area of the cisternal segment between the right and
left sides.

trigeminal nerve (d), cross-sectional area of the CPA cistern (e), length
of the cisternal segment of the trigeminal nerve (f), cross-sectional area
of Meckel’s cave (g)
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Table 3 Comparisons of various parameters between the affected side of patients with trigeminal neuralgia with the non-affected side and the

control group

Affected side Non-affected side ~ p value Control  p value
Angle between the trigeminal nerve and the pons (degree, °) 40.17 48.91 0.001 52.02 <0.001
Cross-sectional cisternal segment area of the trigeminal nerve (mmz) 22.73 25.83 0.005 27.90 0.015
Cross-sectional cisternal and ganglional segment area of the 37.07 41.28 0.003 44.69 0.007

trigeminal nerve (mm?)

Coronal cross-sectional area of the trigeminal nerve (mm?) 3.98 4.66 <0.001 4.36 0.248
Short-axis length of the trigeminal nerve (mm) 3.20 3.47 0.588 3.46 0.366
Cross-sectional area of the CPA cistern (mm?) 187.42 200.66 0.001 204.88 0.168
Length of the cisternal segment of the trigeminal nerve (mm) 7.20 8.10 0.001 8.8 0.003
Cross-sectional area of Meckel’s cave (mm?) 80.45 78.98 0.891 79.84 0.916

CPA cerebellopontine angle

The mean cross-sectional area of the cisternal and gan-
glional segment of the trigeminal nerve was 37.07 mm?
(range 15.24-61.41 mm?) on the affected side and
41.28 mm? (range 14.57-70.65 mm?) on the unaffected
side, making the mean cross-sectional area of the cisternal
and ganglional segment significantly smaller (89.80%) on
the affected side than the unaffected side (»p=0.003). In the
control group, there was no significant difference between
the right side and the left side in the cross-sectional area of
the cisternal and ganglional segment.

Nerve atrophy, as measured by the cross-sectional short-
axis length of the trigeminal nerve, was observed in 25
patients (83.0 %) on the affected side. The mean cross-
sectional length of the trigeminal nerve was 3.20 mm on
the affected side and 3.47 mm on the unaffected side, but
this difference was not significant.

The length of the cisternal segment of the trigeminal nerve
and the cross-sectional area of the CPA cistern and Meckel’s
cavity

The mean length of the cisternal segment of the trigeminal
nerve on the affected side was 7.20 mm, whereas it was
8.10 mm on the unaffected side. Hence, the mean length of
the cisternal segment was significantly shorter (88.89 %) on
the affected side than the unaffected side (p=0.001). In the
control group, there was no significant difference in the length
of the cisternal segment between the right and left sides.

The mean cross-sectional area of the CPA cistern was
significantly smaller (86.62 %, p=0.001) on the affected side
(85.75 mm?, range 29.61-148.05 mm?) than the unaffected
side (98.99 mm?, range 50.11-177.58 mm?). There was no
significant difference in the cross-sectional area of the CPA
cistern between the right and left sides of the control group.

The mean cross-sectional area of Meckel’s cave was
80.45 mm? (range 32.12-141.01 mm?) on the affected side
and 78.98 mm? (range 25.06-136.23 mm?) on the

unaffected side, and there was no significant difference
between the affected and unaffected sides.

Comparison by MR imaging of the trigeminal-pontine angle
between definite offenders and indefinite offenders

Among TN patients, 24 were classified as definite offenders
and six were classified as indefinite offenders. There was no
statistically significant difference in the trigeminal-pontine
angle between these groups.

Discussion

MR imaging is useful in evaluating neurovascular conflict
of the trigeminal nerve at the REZ and helpful as a preop-
erative tool when trigeminal neuralgia is diagnosed by
symptoms and patient history [2, 10, 16, 27]. However,
the trigeminal nerve is sometimes hard to distinguish from
the surrounding blood vessels in T1-weighted and T2-
weighted imaging. FIESTA imaging and CISS imaging,
which provide higher spatial resolution, have been investi-
gated as tools for the evaluation of cranial nerves and the
surrounding structures [7, 20, 24, 28-30]. These imaging
modalities provide better contrast between the parenchyma
of the central nervous system and the cerebrospinal fluid by
flow compensation. In addition, the delineation of fine an-
atomic structures in the cerebrospinal fluid can be achieved
[7, 18, 24]. Chavez et al. were able to clearly image the
trigeminal nerve complex (nerve root entry zone, trigeminal
ganglion, nerve roots, and vascular structures), including
visualization of the branches of the trigeminal nerve, inside
Meckel’s cave in 14 of 15 patients while using FIESTA
imaging for the targeting and planning of stereotactic radio-
therapy [3]. In this study, we used FIESTA imaging to detect
the trigeminal-pontine angle and trigeminal nerve atrophy.
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Neurovascular contact between the trigeminal nerve and
a blood vessel can also be found in individuals not affected
by TN. Contact between a trigeminal nerve root and an
artery in the prepontine cistern can be seen as anatomical
variant [1, 22]. Based on surgical experience, Sindou et al.
suggested a ribbon-shaped and angulated root was a possi-
ble anatomic factor [25]. Due to the unclear MR imaging
findings associated with trigeminal neuralgia, there have
been efforts to describe unique MR imaging findings in
trigeminal neuralgia patients. Miller et al. reported that
neurovascular compression is more severe and more proxi-
mal in TN patients compared to those asymptomatic [19].

Atrophy of the trigeminal nerve as the result of nerve-
vessel conflict in trigeminal neuralgia patients has been
revealed by MR imaging in several reports [5, 13, 14].
Nerve atrophy is thought to be a late consequence of chronic
physical stress following demyelination [21]. Erbay et al.
measured a single cross-sectional coronal area of the trigem-
inal nerve [5], and Park et al. measured the volume of the
cisternal segment of trigeminal nerve [21]. Both of these
studies showed statistically significant results.

Herweh et al. used DTI to assess the area known to be
susceptible to bony artifacts and suggested that FA reduction
is caused by tissue damage associated with demyelination [8].
However, the sample size was very small, and anisotropy is
seldom involved in an MR imaging protocol [8]. Horinek et
al. found no association between the clinical neurovascular
conflict and the size of the posterior fossa and its substruc-
tures, including the pontomesencephalic cistern and Meckel’s
cave [9]. Rasche et al. assumed that a smaller cistern may
increase the chance for neurovascular conflict, and a prospec-
tive study demonstrated significant volumetric differences of
the pontomesencephalic cistern in patients with unilateral TN
[23]. A study by Park et al. measured the cross-sectional area
of the CPA cistern and the length of the cisternal segment of
the trigeminal nerve and suggested that the CPA cistern might
be smaller on the affected side in TN patients [21]. Vergani at
al. reported that MRI/MRA had a sensitivity of 96% and a
specificity of 75% for detecting NVC in their study on the pre-
operative role of MRI for TN [27]. They also found that there
was no correlation between the pre-operative imaging and the
clinical outcome. Leal et al. reported a similar result with a
specificity of 100% and concluded that MRI is reliable in
detecting and grading NVC [16]. In their anatomical study
of the posterior fossae of patients with TN, Horinek et al.
concluded that the only visible factor is the atrophy of the
nerve [9]. In 2002, Sindou et al. reported that NVC was the
principal finding in pre-op MRI and operative exploration but
added that other anatomical findings may be present, includ-
ing a sharp angulated root, atrophy of the nerve, and a thick
arachnoid membrane [25]. Ongoing clinical research has led
to preoperative imaging for TN becoming widely applicable
in the clinical fields.
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In this study, we found a sharper angle between the
trigeminal nerve and the pons in TN patients compared to
controls and demonstrated nerve atrophy with FIESTA im-
aging. These results lend further credence to our hypothesis
that states a sharp trigeminal-pontine angle increases the
chance of neurovascular conflict. Our results showed a
significantly sharper trigeminal-pontine angle on the affect-
ed side in TN patients compared to the unaffected side and
controls. This measurement can be relatively easily applied
to clinical practice. Atrophy of the trigeminal nerve was
calculated by dividing the nerve into cisternal and ganglio-
nal segments by a cross-sectional view, and significant
differences were found for both measurements when the
affected side was compared to the unaffected side and con-
trols. There were some limitations to this study. First, the
sample size was small. Although we showed there was no
difference in the nerve-pontine angle between the definite
offenders and the indefinite offenders, the value of this angle
as a diagnostic supplementary marker will be overestimated
due to the study included an insufficient number of indefi-
nite offender patients. Further, we only checked a single
cross-sectional area, and it is possible that the true volume
of the trigeminal nerve was miscalculated despite the FIES-
TA sequence being evaluated at an axial thickness of 1 mm.

Conclusions

In summary, we have shown that a sharp trigeminal-pontine
angle observed in 3D-FIESTA imaging could lead to TN by
increasing the likelihood for neurovascular conflict. Addi-
tionally, nerve atrophy was shown in cross-sectional axial
and coronal imaging by dividing the nerve into ganglional
and cisternal segments. These features are thought to be
potential supplementary markers for the diagnosis of trigem-
inal neuralgia.
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