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Abstract

Background Morphological and microstructural changes of the trigeminal nerve due to neurovascular compression (NVC) have
been reported in primary trigeminal neuralgia (PTN) patients. This investigation was to examine the relationship between the
trigeminal-pontine angle and nerve microstructural changes.

Methods Twenty-five patients underwent microvascular decompression (MVD) for trigeminal neuralgia, and 25 age- and sex-
matched controls were studied. The two groups underwent high-resolution three-dimensional MRI and diffusion tensor imaging
(DTTI). Bilateral trigeminal-pontine angle, cross-sectional area of cerebellopontine angle (CPA) cistern, and the length of trigem-
inal nerve were evaluated. The mean values of fractional anisotropy and apparent diffusion coefficient at the site of NVC were
also measured. Correlation analyses were performed for the trigeminal-pontine angle and the diffusion metrics (FA and ADC) in
PTN patients.

Results The mean trigeminal-pontine angle and FA value on the affected side was significantly smaller than the unaffected side
and the control group (p < 0.001), while the mean ADC value was significantly increased (p < 0.01). When taking the conflicting
vessel types into consideration, the angle affected by the superior cerebellar artery (SCA) was statistically sharper than when
affected by other vessels (p < 0.01). However, there were no significant changes in the area of the CPA cistern or the length of the
trigeminal nerve between the groups. Correlation analyses showed that the trigeminal-pontine angle was positively correlated
with FA and negatively correlated with ADC.

Conclusions A sharp trigeminal-pontine angle may increase the chance of NVC and exacerbate nerve degeneration, which may
be one of the supplementary factors that contribute to the pathogenesis of trigeminal neuralgia.
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Introduction It is characterized by provocable pain that recurs in one or

more branches of the trigeminal nerve distribution [15]. The

Trigeminal neuralgia (TN) is a debilitating facial pain syn-
drome with a prevalence of 1-2 per 10,000 individuals [18].
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pain can be triggered by mild sensory stimulation and can
disrupt daily living. Neurovascular compression (NVC) is a
widely accepted mechanism of TN. The leading hypothesis
for its etiology is long-term NVC causing focal nerve axonal
and myelin abnormities, following ectopic generation of im-
pulses and ephaptic transmissions between the surrounding
injured axons. However, the absence of neurovascular conflict
is encountered in up to 10% of patients with primary trigem-
inal neuralgia (PTN) symptoms [26]. High-resolution magnet-
ic resonance imaging (MRI), especially three-dimensional
fast-imaging employing steady-state acquisition (3D-
FIESTA) imaging, is implemented to visualize the relation-
ship between the trigeminal nerve and surrounding blood ves-
sels while it makes simultaneous morphological measure-
ments [2, 21, 28, 29]. It has been suggested that a small
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cerebellopontine angle (CPA) cistern, a sharp trigeminal-
pontine angle, and the length of the cistern segment of the
trigeminal nerve are diagnostic markers for PTN patients [8,
10]. The trigeminal nerve root forms an angle with the site
where it emerges from the pons, which has been suggested to
be a potential point of compression on the nerve. Recent ad-
vances in MRI technology have enabled more investigations
into the microstructural changes of the trigeminal nerve.
Diffusion tensor imaging (DTI) qualifies the amount of non-
random water molecule diffusion dynamics and potentially
enables probing of the microanatomy of neural tissues
in vivo. The DTI metric fractional anisotropy (FA) can pro-
vide insight into the integrity of trigeminal nerve fibers. Most
experts suggest that DTI can enable identification of axonal
atrophy and demyelination of trigeminal nerve root caused by
NVC [4, 5, 17, 20]. Despite these findings, there are still no
investigations into the correlation between the trigeminal-
pontine angle and nerve pathological changes. Thus, we con-
ducted this pilot investigation to identify morphological and
microstructural changes of the trigeminal nerve contributing
to the pathogenesis of trigeminal neuralgia and correlate the
diffusion metrics with the trigeminal-pontine angle.

Methods and materials
Participants

This study was conducted between November 2017 and
May 2019. We recruited 25 PTN patients with unilateral
NVC (11 men, 14 women; age range 30-75 years, mean age
52.75 + 10.1 years). The average symptom duration was 20
months, and the diagnosis of all TN patients was confirmed in
accordance with the diagnostic criteria of typical TN [1] and
was treated with microvascular decompression (MVD). To
validate the study, 25 sex- and age-matched healthy partici-
pants (12 men, 13 women, age range 40—70 years, and a mean
age of 55.2 + 10.2 years) were also recruited in the study as
healthy control (HC). The HC had no history of facial pain.
Patients with secondary TN, bilateral symptoms, or those with
metal implants were excluded. Written informed consent was
obtained from each participant before entering the study, and
the study was approved by the institutional ethics committee
of our hospital.

Magnetic resonance imaging

All participants were imaged with a 3.0-T MRI scanner (Signa
HDx, GE Healthcare, Milwaukee, WI, USA) using 3D-
FIESTA and DTI. An eight-channel head coil was used with
foam padding and braces to restrict head motion. All the ac-
quired images were aligned to the anterior commissure-
posterior commissure (AC-PC) plane. The following imaging
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protocols were used: (a) 3D-FIESTA sequence with repetition
time/echo time (TR/TE) = 5.0 ms/1.9 ms, flip angle = 60°, the
field of view = 200 mm X 170 mm, matrix = 320 x 288, and
slice thickness = 0.6 mm without gap and two acquisitions; (b)
DTI with a single-shot spin echo and echo-planar imaging
protocol, TR/TE = 7100 ms/94 ms, field of view = 200 mm
x 170 mm, matrix = 160 x 160, » = 1000 s/mm? with diffusion
gradients applied in 30 diffusion directions, and slices of
2.0 mm without gap.

Data processing

3D-FIESTA images were transferred to a post-processing
workstation (Advantage Workstation, ADW 4.4, GE
Medical Systems). All patients’ images were observed in ax-
ial, coronal, and sagittal planes to evaluate the relationship
between the nerve and surrounding structures. The morphol-
ogy was measured using the following methodology. The
trigeminal-pontine angle was measured between the medial
margin of the trigeminal nerve and the anterior surface of the
pons at the root entry zone (REZ). The location of REZ was
defined as the first 3-mm segment of the trigeminal nerve as it
exits the pons [19]. The CPA cistern is a subarachnoid space
filled with cerebrospinal fluid; it was defined as the area be-
tween the anterior surface of the pons and cerebellum and the
posterior surface of the arachnoid membrane that rested on the
petrous bone, including the REZ of trigeminal nerve. The
cerebellar flocculus was considered the posterior limit, and
the basilar artery in the pre-pontine cistern as the anterior limit.
When the basilar artery was distorted, midline was defined as
the anterior limit. The length of the cistern segment of the
trigeminal nerve was measured in the same axial images from
the REZ to Meckel’s cave. It was defined as the distance from
the point where the nerve emerged from the pons to the narrow
aperture of Meckel’s cave (Fig. 1).

The original DTI data were processed with Functool soft-
ware in the AW4.4 workstation (GE Medical Systems,
Milwaukee, WI, USA) to generate fractional anisotropy (FA)
and an apparent diffusion coefficient (ADC). In the patient
group, ROIs were placed over the NVC of the trigeminal
nerve (Figs. 2 and 3). The diagnostic criteria of NVC were
defined as no visible cerebrospinal fluid between the nerve
and its adjacent arteries at the symptomatic side on 3D-
FIESTA MRI. The site of ROI is located in the center of the
nerve, and the surrounding cerebrospinal fluid components
are avoided as much as possible. The ROI area is as consistent
as possible, approximately 20 + 7.5mm?. For the HC, ROIs
were placed over the site of NVC in the corresponding TN
patient group. All the morphological parameters and diffusion
metrics were measured independently by two observers who
were blinded to the purpose of this study and to which side of
the patient’s face was symptomatic. The mean values from the
two observers were utilized for analysis.
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Fig. 1 Axial three-dimensional fast-imaging employing steady-state
acquisition (3D-FIESTA) MRI showing delineation of the angle
between the trigeminal nerve and anterior surface of the pons (a),

Statistical analysis

All analyses were performed with SPSS 23 software (SPSS Inc,
Chicago, IL, USA). Results are expressed as the median (inter-
quartile ranges) (minimum, maximum) for non-normally dis-
tributed variables. The trigeminal-pontine angle, the cross-
sectional area of CPA cistern, the length of the cistern segment
of the trigeminal nerve, and the values of FA and ADC were
compared between the affected and unaffected side and healthy
controls by Kruskal-Wallis followed by pairwise comparisons
among the three groups. Also, the trigeminal-pontine angles
were compared according to the conflicting vessel types be-
tween superior cerebellar artery (SCA) and other vessels using
Mann-Whitney U test. A p< 0.05 was considered statistically
significant. Spearman correlation analyses were used to com-
pare trigeminal-pontine angle and diffusion metrics.

Results

Table 1 summarizes the morphological parameters and diffu-
sion metrics.

Comparison of morphological parameters

The trigeminal-pontine angle on the affected side was signif-
icantly less than the unaffected side (p < 0.001) and HC (p =
vt
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Fig. 2 A 56-year-old male TN patient, suffering left maxillofacial pain
for more than 2 years. a 3D-FIESTA MRI shows bypass of SCA (arrow)
across the cistern segment of the trigeminal nerve. b Regions of interest
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measurement of the length of the cistern segment of the trigeminal
nerve (b), and measurement of the cross-sectional area of
cerebellopontine angle cistern (c)

0.005, Fig. 4). However, there was no difference in the cross-
sectional area of the CPA cistern and the length of the cistern
segment of the trigeminal nerve between the affected and un-
affected side and HC (p = 0.874 and p = 0.900, respectively).

Comparison of diffusion metrics

The mean value of FA at the site of NVC was significantly
attenuated, and the mean value of ADC was significantly in-
creased compared with the unaffected side (FA p = 0.006,
ADC p = 0.015) and HC (FA p < 0.001, Fig. 5 and ADC p
=0.014, Fig. 6).

Correlation between trigeminal-pontine angle
and diffusion metrics

Correlation analyses revealed that the trigeminal-pontine an-
gle was significantly and positively correlated with the FA (=
0.513, p < 0.01, Fig. 7) and negatively correlated with the
ADC (r=-0.548, p < 0.01, Fig. 8).

Role of conflicting vessel types

The main responding vessel in sixteen patients was the supe-
rior cerebellar artery (SCA), in four patients was the anterior
inferior cerebellar artery(AICA), in three patients was the ver-
tebral artery(VA), in one patient was the posterior inferior

T

(ROIs) were manually drawn on the cistern segment of the trigeminal
nerve on color-coded diffusion tensor index maps. ¢ Trigeminal nerve
fiber bundles show the left nerve fiber is finer than the right side
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Fig. 3 A 59-year-old female TN patient, suffering left maxillofacial pain
for more than 1 year. a 3D-FIESTA MRI shows span of SCA (arrow) near
the root entry zone (REZ) of the trigeminal nerve. b ROIs were manually

cerebellar artery (PICA), and in one was the multiple vascular
contact (AICA and PICA). Patients with a SCA conflict had a
significantly smaller trigeminal-pontine angle than non-SCA
patients (p = 0.004, Mann-Whitney U test). Table 2 summa-
rizes the trigeminal-pontine angle according to the conflicting
vessel type.

Discussion

TN is a recurrent pain syndrome caused by a variety of mech-
anisms, but NVC is considered one of the primary causes [9,
24]. Besides, TN is also considered related to various morpho-
logical and microstructural changes. Thus, this study explored
the morphological and microstructural changes of trigeminal
nerve in PTN patients. Moreover, we correlated the
trigeminal-pontine angle with the nerve microstructural
changes. To our knowledge, such a hypothesis has not been
verified yet using MRI techniques.

drawn on the REZ of the trigeminal nerve on color-coded diffusion tensor
index maps. ¢ Trigeminal nerve fiber bundles show the left nerve fiber is
finer than the right side

In our study, the trigeminal-pontine angle on the affected
side was significantly smaller than the unaffected side and the
HC. When taking the conflicting vessel types into consider-
ation, the trigeminal-pontine angle of SCA is statistically
smaller than that of other vessels. Anatomically, the trigeminal
nerve originates from the anterolateral side of the brainstem
and, after exiting the brainstem, it travels forward and down,
where it enters the Meckel’s cave below the free edge of the
tentorium and forms the trigeminal ganglion. Previous studies
suggest that nerve fibers in the ipsilateral trigeminal nerve root
of TN patients trend toward spatial distribution, rather than
keeping a fixed position. Some scholars found a tendency
for the distribution of medial nerve fibers to be concentrated,
while the lateral nerve fibers show electrophysiological abnor-
malities [14, 27]. Also, Gudmundsson et al. [7] found that the
differences in trigeminal trunk angles would impact the spatial
arrangement of branches of nerve fibers within the nerve
roots. They believed that the differences in trigeminal root
fiber distribution and branching might be related to trigeminal
trunk angles, but they did not explain the specific relationship

Table 1 Comparisons of morphological and microstructural parameters in primary trigeminal neuralgia patients and healthy control (HC)
Variables Affected side Unaffected side HC p value (affected side vs. p value (affected p value
unaffected side vs. HC) side vs. unaffected  (affected side
side) vs. HC)
Trigeminal-pontine  38.60 (35.85, 48.00 (44.30, 46.45 (41.13, 48.68) < 0.001 < 0.001 0.005
angle (°) 43.55) (27.20, 53.25) (38.30, (32.40, 59.80)
50.10) 64.10)
Length of cistern 7.64 (6.55,9.95)  7.90 (6.55, 10.00) 7.95(7.10, 8.43) 0.900 - -
segment of nerve (4.10, 13.10) (3.49, 14.50) (4.95,9.45)
(mm)
Area of CPA (mm?) 171.80 (12445, 173.60 (132.90, 178.60 (151.98, 0.874 - -
241.65) (64.50, 223.80) (68.70, 191.25) (118.05,
320) 291) 238.50)
FA 0.35(0.32,0.36)  0.39(0.34,0.41) 0.39(0.38,0.42) <0.001 0.006 <0.001
(0.22,0.41) (0.25, 0.56) (0.35, 0.44)
ADC (x107° mm?/s) 1.96 (1.82,2.10) 1.83 (1.74,1.91)  1.83 (1.73, 1.93) 0.005 0.015 0.014
(1.70, 2.21) (1.38,2.07) (1.61,2.17)

Data are presented as median (interquartile ranges) (minimum, maximum) for non-normally distributed variables

@ Springer



Acta Neurochir (2019) 161:2505-2511

2509

*%

70+ I 1T ]

60 -

Angle(®)

50+

40+

30+

20 L ] L]
affected unaffected HC

Fig. 4 Box and whisker plots of trigeminal-pontine angle between
affected, unaffected side, and healthy control (HC). Graph showing that
the trigeminal-pontine angle on the affected side was significantly smaller
than that of the unaffected side and healthy control (HC). There was no
statistical difference between the unaffected side and healthy control. (*p
< 0.05, **p < 0.01, ***p < 0.001) ns = not significant

between trigeminal trunk angle and the pathogenesis of TN.
Furthermore, Ha et al. [8] found that the trigeminal-pontine
angle on the affected side in PTN patients is significantly
reduced. It is inferred that the sharp trigeminal-pontine angle
may increase the probability of neurovascular contact, which
in turn leads to the occurrence of TN symptoms. Leal et al.
found that the most common cause of trigeminal neuralgia
with NVC grades II and III was in greater proportion at REZ
by the vascular loop, which is usually the SCA [13]. After
descending from the basilar artery, the elongated SCA forms
a vascular loop, which could contact or oppress the
superomedial part of the nerve root. In addition, Sindou
et al. [25] also found that the most common location of tri-
geminal NVC was superomedial to the nerve root. The com-
mon location of trigeminal NVC may be attributed to the high
proportion of the conflict of SCA. When the trigeminal-
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Fig. 5 Box and whisker plots of fractional anisotropy (FA) between
affected, unaffected side, and HC. Graph showing that the value of
fractional anisotropy (FA) on the affected side was significantly smaller
than that of the unaffected side and healthy control (HC). There was no
statistical difference between the unaffected side and healthy control. (*p
< 0.05, ¥*p < 0.01, ¥**p < 0.001) ns = not significant

1.0 1 |} L]

affected unaffected HC

Fig. 6 Box and whisker plots of apparent diffusion coefficient (ADC)
between affected, unaffected side, and HC. Graph showing that the value
of apparent diffusion coefficient (ADC) on the affected side of trigeminal
neuralgia patients was larger than that of the unaffected side and healthy
control (HC). There was no statistical difference between the unaffected
side and healthy control. (*p < 0.05, **p < 0.01, ***p < 0.001) ns = not
significant

pontine angle is small, the distance between the medial aspect
of'the nerve root and the vascular loop of the SCA is minimal.
A small trigeminal-pontine angle may influence the genesis of
neurovascular conflict in the medial side of the trigeminal
nerve. Also, nerve fibers on the inner side of the nerve are
concentrated with the functional fibers. In accordance with the
“short-circuit theory” [11], there were conduction short cir-
cuits between those functional nerve fibers, thus causing a
repeated “trigger point”like pain syndrome. This could ex-
plain our hypothesis that a small trigeminal-pontine angle may
increase the chance of NVC on the medial side of the trigem-
inal nerve, which is supported by our results. Thus, a small
trigeminal-pontine angle may be considered as a risk factor for
NVC in PTN patients.

In addition, we found that the mean FA value is significant-
ly decreased, and the mean ADC value is significantly in-
creased at the site of NVC in TN patients when compared with
the unaffected side and controls using DTI. DTI is a non-

< %57 r=0.513
o P<0.01
0.4-
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0.2 — : g 1
20 30 40 50 60

Angle(°)

Fig. 7 Correlation analyses between trigeminal-pontine angle and FA
value
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Fig. 8. Correlation analyses between trigeminal-pontine angle and ADC
value

invasive MRI technique that allows in vivo visualization of
white matter tracts. Leal et al. [12] found that the value of FA
on the affected side was significantly reduced in PTN patients,
the value of the ADC was increased, and the reduced FA was
negatively correlated with the increased ADC using DTI.
From a biological perspective, the FA provides insight into
white matter integrity and direction, and the decrease of the
FA value is due to demyelination or axonal degeneration of the
nerve fibers caused by vascular compression, mostly via the
SCA. The ADC value reflects the diffusion of water mole-
cules in the tissue, and thus, long-term vascular compression
would cause chronic hypoperfusion of the nerve root and ac-
celerated water molecule diffusion, thus increasing the ADC
value [3, 6, 16].

Simultaneously, the correlation analyses suggest that the
smaller the trigeminal-pontine angle, the more substantial
the microstructural changes of the nerve root. The change in
dynamic structural factors causes secondary microstructural
heterogeneity, playing a role in TN mechanisms and causing
the manifestation of symptoms. However, the coefficient is
not relatively strong, possibly because the trigeminal-pontine
angle could facilitate TN by increasing the chance of
neurovascular conflict, in an indirect way to cause demyelin-
ation and axonal degeneration.

In the present investigation, there were no significant
changes in the length of the cistern segment of the nerve on
the affected side. However, Park et al. and Praise et al. [22, 23]

Table 2 Comparison of trigeminal-pontine angle according to the
conflicting vessel types in primary trigeminal neuralgia patients

Vessel types Number Trigeminal-pontine angle (°)

SCA 16 (64%) 37.05 (33.25, 40.45) (27.20,45.00)
Non-SCA 9 (36%) 43.10 (39.90, 47.60) (36.00,50.10)
Z - —2.775

p value - 0.004

Data are presented as median (interquartile ranges) (minimum, maxi-
mum) for non-normally distributed variables

@ Springer

found that the length of the cistern segment of the trigeminal
nerve on the affected side was significantly shorter than the
length on the unaffected side. This may be due to relatively
small sample size; the difference of the length of the cistern
segment of the trigeminal nerve may be underestimated. The
cross-sectional area of the CPA cistern on the affected side did
not appear to be significantly different between TN patients
and the HC. Conversely, Kawano et al. and Praise et al. [10,
22] found that the area of the CPA cistern on the affected side
was significantly reduced in PTN patients. This may be attrib-
uted to the small sample size and presence of senile
encephalatrophy in the elderly, which may make the area larg-
er when compared to younger patients.

Limitations of the present investigation include its relative-
ly small sample size and lack of a long-term follow-up of
patients to evaluate the prognosis value of morphological pa-
rameters and diffusion metrics. DTT also have several techni-
cal limitations. The partial volume effect specifically caused
by the small size of the root that is bathed in cerebrospinal
fluid may confound DTI measurements. Besides, involuntary
patient movement and magnetic susceptibility effects may af-
fect the image quality and measurement. In addition, the man-
ual delineation of the trigeminal nerve and ROI placement
may be prone to inter-rater variability. Thus, the value of the
trigeminal-pontine angle as a diagnostic marker may be
overestimated, and an automated measurement and larger
sample size in future studies may solve these problems.

Conclusion

The trigeminal-pontine angle on the affected side was signif-
icantly smaller than the unaffected side and HC. The FA value
was significantly decreased, and the ADC value was signifi-
cantly increased. When taking vessel types into consideration,
the trigeminal-pontine angle affected by the SCA is signifi-
cantly sharper than that impacted by other vessels. Further, the
trigeminal-pontine angle was positively correlated with FA
and negatively correlated with ADC. This investigation sug-
gests that a sharp trigeminal-pontine angle might increase the
chance of neurovascular conflict and the degree of trigeminal
nerve demyelination and may be a possible exacerbating fac-
tor for TN.
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ferior cerebellar artery; CPA, cerebellopontine angle; DTI, diffusion ten-
sor imaging; FA, fractional anisotropy; HC, healthy control; MVD, mi-
crovascular decompression; NVC, neurovascular compression; PICA,
posterior inferior cerebellar artery; PTN, primary trigeminal neuralgia;
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