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Abstract

Background Trigeminal neuralgia (TN) is an electric-like recurrent pain of a sudden onset and is localized to the area
supplied by the trigeminal nerve, and the patients are usually free in between the attacks. It's one of the most com-
mon causes of facial pain and is commonly induced by mechanical irritation, and there's strong evidence suggesting
an insult at the trigeminal nerve root which is usually caused by a neurovascular compression. The aim of the study
was to evaluate the role of diffusion tensor imaging (DTI) in the detection of microstructural changes of normal
appearing trigeminal nerve in patients with trigeminal neuralgia and the correlation between DTl parameters

and pain severity.

Results Thirty one cases were included in the study (16 patients with TN and 15 healthy controls) underwent MRI
with diffusion tensor imaging. The fractional anisotropy (FA) values of the trigeminal nerves were recorded and then
comparison between the affected and unaffected sides in TN patients and healthy controls was done, also the degree
of FA reduction was correlated with the pain severity in TN groups. The mean FA value of the affected trigeminal
nerves was 043 +0.083, while that of the unaffected sides was 0.56+0.058. The mean FA value of the trigeminal
nerves in the healthy controls was 0.54 +0.057. A significant statistical differences was found between affected

and unaffected sides (P<0.00001) and between the affected sides and healthy controls (P < 0.0003), while no statisti-
cally significant difference was detected between the unaffected side and the healthy controls. A strong negative
correlation was found between the pain score and the degree of FA reduction (P<0.001).

Conclusions Diffusion tensor imaging is a functional MRI technique which can detect the microstructural changes
in the normal appearing trigeminal nerves in patients with trigeminal neuralgia with a strong negative correlation
between the severity of pain and the degree of FA reduction of the affected trigeminal nerve.
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Background

Trigeminal neuralgia (TN) is characterized by recur-
rent very painful, electric-like pain of brief duration
(between 2 s and 2min), in the distribution of the
trigeminal nerve that are abrupt in onset and termi-
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artery (neurovascular compression). Recognized risk
factors for developing trigeminal neuralgia include
hypertension, atherosclerosis, individual sensitivity
and familial history [2, 3].

Different treatment options are available for trigemi-
nal neuralgia including anticonvulsant medications as
a first-line treatment option. In patients with persistent
pain or unacceptable side effects from the medications
may have other options including transcutaneous,
percutaneous and open surgical options. Radiofre-
quency rhizotomy was first introduced to treat TN in
1974 [4], it can provide complete pain relief with lower
side effects; however, a recurrence rate of 15-20% was
noted within 12 months after therapy [5].

There’s a debate about the exact pathogenesis of
trigeminal neuralgia. Several structural alterations in
the trigeminal nerve resulting from vascular compres-
sion have been described, including demyelination at
the root entry zone, atrophy or hypertrophy of periph-
eral axons and damage to Schwann cells and periph-
eral myelin. [6]. Also, some structural abnormalities
were identified in large number of patients including
deviation of the nerve and nerve atrophy [3].

MRI of patients with trigeminal neuralgia using
high-resolution sequences such as 3D T2-weighted
images and 3D T1-weighted gadolinium-enhanced
images can depict the fine neurovascular anatomy of
the trigeminal nerve and important in planning micro-
vascular decompression [7]. However, the morpho-
logical and pathological changes of the TGN can be
difficult to identify by conventional MRI sequences [3].

Diffusion tensor imaging (DTI) is a recently intro-
duced functional MRI technique used for depiction of
microstructural white matter changes of the brain. The
most important DTI parameter is the FA (fractional
anisotropy) which reflect the directionality of water
molecules diffusion. Abnormalities of the white matter
causing axonal damage and loss of organization pro-
duce lower FA values [8].

Recent studies demonstrated decreased fractional
anisotropy (FA), increased radial diffusivity (RD) and
apparent diffusion coefficient (ADC) in the affected
side compared to the normal side; in spite of normal
morphological appearance, thus depicting the micro-
structural abnormality by non-invasive means [2, 3].

In this study, our aim was to evaluate the role of DTI
in the detection of microstructural changes of normal
appearing trigeminal nerve in patients with trigeminal
neuralgia and correlating the DTI findings with the
pain severity.
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Methods

Nineteen patients with TN (13 females and 6 males)
were included in this cross-sectional analytic study
which was performed in the period between March
2023 and June 2023. Three patients were excluded from
the study, 2 patients who underwent neurovascular
decompressive surgeries and one patient had trigeminal
neuroma. The final cohort was 16 patients (11 females
and 5 males) with repeated attacks of TN symptoms,
diagnosed and classified according to visual analog pain
scale (VAS). The age of the patients ranged from 27 to
57 years with the mean age was 41+5.2. Fifteen age-
matched healthy persons were also examined as a con-
trol group. They consisted of 10 females and 5 males,
with their ages ranged from 19 to 48 years with a mean
age of 38+ 5.6.

All subjects participated in the study signed a written
informed consent before the examination. Institutional
review board (IRB) approval was also obtained.

Inclusion criteria: adult male or female patients com-
plaining of trigeminal neuralgia without a history of
previous interventions.

Exclusion criteria: Patients with history of herpes
zoster infection, trigeminal neuroma (whether known
history to have a tumour or incidentally discovered
during the MRI examination) or any other diseases
that can cause similar symptoms to TN, like maxillary
sinusitis, toothache or internal derangement of tem-
poromandibular joints were excluded from the study.
Patients underwent neurovascular decompression sur-
gery or having absolute contraindication to MRI were
also excluded.

The patients included in the study were subjected to:

+ Clinical assessment by a neurologist with 15 years’
experience including the sex, age, duration of
symptoms and pain laterality (right or left pain)
were obtained.

 Visual analogue pain scale (VAS): There are some
difficulties in measurement of the degree of chronic
pain in TN and related facial pain syndromes
because of their subjective nature. Measurement of
pain intensity or percent pain relief had been used
for assessment and grading of TN [9, 10]. VAS is
commonly used in assessment of pain in TN. The
instrument consists of a 10 c¢cm line at which 0 is
representing “no pain” and 10 is representing “worst
pain” Each patient marks on this line the point at
which he/she feels best represents their perception
of pain (Fig. 1) [11].
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Fig. 1 The visual analog scale (VAS) [11]

MRI examination

MRI was performed for all patients and healthy controls
using 1.5 T machine (Signa artist GE) with a standard
head coil and without prior preparation or anaesthe-
sia. The conventional sequences were obtained includ-
ing axial T1, 72 and FLAIR covering the whole brain.
3D volumetric axial 71 GRE (BRAVO) and 3D axial T2
over the cerebellopontine angle were also obtained.

DTI was then acquired and consisted of a single shot,
spin-echo echo planar sequence in 12 encoding direc-
tions using b value of 0 and 1000 s/mm?, a slice thickness
of 2 mm, field of view was 210 mm and the matrix was
112x110. The time of repetition (TR) was 8000 ms, and
the time of echo (TE) was 67 ms.

Post processing of the acquired images suing the avail-
able work station was then performed by 3 experienced
radiologist with 14, 15 and 17 years’ experience in neu-
roradiology. Grey scale FA maps, directionality colour
coded FA maps and 3D fibre tractography of the trigemi-
nal nerves were obtained.

Thirty two trigeminal nerves were examined in the 16
patients (categorized as affected and unaffected sides).
Regions of interest (ROIs) were assigned for trigeminal
nerves over the area of the root entry zone (REZ). FA
values were measured for the right and left trigeminal
nerves. Drawing of the regions of interest (ROIs) were
made at the FA map overlaid on axial 72 images. The
voxels for each ROI were between 3 and 7. We used the
manual multi-ROI technique for 3D fibre tracking and
the software algorithm tracked the trigeminal nerves. We
defined the pain side as “affected” and the other side as
“unaffected”

For the healthy controls, the FA of the right and left
nerves was measured separately then the mean of both
sides was calculated in each patient (Fig. 2).

Comparison between FA of trigeminal nerves in the
affected and unaffected sides was done in TN patients.
Then, a comparison between the FA of trigeminal nerve
in the healthy controls with those of trigeminal neuralgia
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Fig. 2 Axial colour-coded FA map of a healthy 41-year old male
control showing normal FA value of the trigeminal nerves (right 0.43
and left 0.45)

patients (including the affected and unaffected sides) was
done. Finally, the degree of FA reduction was correlated
with degree of pain severity in TN patients.

Results

Thirty one subjects were included in the study (16
patients with TN and 15 healthy controls). The patients’
ages ranged between 27 and 57 years with a mean age of
41+5.2, while the healthy controls ages ranged between
23 and 48 years with a mean age of 38+5.6 (Table 1).
Seven cases complained from left trigeminal neuralgia
and nine cases complained from the right side.

All patients showed normal morphology of the trigemi-
nal nerves in the conventional MRI sequences. Vascular
loop compression from the superior cerebellar artery
was found in 11 patients out of the 16 patients with TN

Table 1 The summary of patient's demographics and correlation
between the disease and controls groups

Patients Controls P value
(n=16) (n=15)
Age (mean+SD) 41+52 38+56 0.1328
Sex
Male 5 5 0.952
Female 1 10 N/A
Disease duration 1-36 months N/A
Pain side
Right 9 N/A N/A
Left

VAS pain score 2-7 N/A N/A
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Fig. 3 A 53-year-old female patient presented with right TN for 2 years. VAS was 6. A Axial T2 WI showing normal appearing right trigeminal nerve
B Axial T2 WI showing the normal appearing left trigeminal nerve and C Axial T2 WI at a lower level showing a small vascular loop crossing the REZ
of the right trigeminal nerve (arrow). D Axial colour-coded FA map overlaid on axial 72 images showing reduced FA value of the right trigeminal
nerve (0.3) compared to the contralateral normal side (0.56) E 3D fibre tractography of both trigeminal nerves showing normal and comparable 3D

tractography appearance of both nerves

(68.7%), while no obvious cause was detected in the other
5 patients (31.3%) (Figs. 3 and 4).

It was found that the mean FA value of the affected
trigeminal nerves was 0.43 +0.083, while that of the unaf-
fected sides was 0.56+0.058. The mean FA value of the
trigeminal nerves in the healthy controls was 0.54 +0.057
(Table 2).

TN patients showed decreased FA values in the trigem-
inal nerve at the side of pain with significant statistical
differences between the affected and the unaffected sides
(P<0.00001). This indicating microstructural changes in
the nerve fibres in spite of normal morphological appear-
ance in the conventional MR images.

Also, there was a statistically significant difference
between the mean FA value of the affected nerves and
the FA values of the trigeminal nerves in healthy controls
(P<0.0003). On the other hand, no significant differences
were found between the mean FA values of the trigeminal
nerves of the unaffected side and the healthy controls (P
0.2308).

According to the Visual analogue pain scale, the pain
score of the TN patients ranges between 2 and 7 with a
mean of 4.5+1.54. The duration of symptoms ranged
from one month to three years with a mean of 8+1.3
months.

By using Pearson’s correlation coefficient as a meas-
ure of correlation between pain score and FA values, the
results show that the correlation coefficient =—0.876
with P-value equals < 0.001 indicating a significant high
negative relationship between pain scores and the FA
values. Besides, a simple linear regression model is used
to estimate the relationship between pain scores and the
FA values. The model is presented in Eq. 1 and its corre-
sponding results are provided in (Table 3).

FA; = Bo + B1 painscore; +¢€;, i=,2,...,16 (1)

From above results: it was observed that for every
one-unit increase in pain score, there is a correspond-
ing (0.047) unit decrease in FA value. Also, based on the
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Fig. 4 A 39-year-old female patient presented with left TN for 4 months duration. Clinical assessment showed a pain score of 3. A Axial T2 WI
showing normal appearing trigeminal nerves with a small vascular loop crossing the REZ of the left trigeminal nerve (arrow). B Axial colour-coded
map showing normal colour intensity of both trigeminal nerves. C Axial FA map showing reduced FA value of the left trigeminal nerve (0.35)
compared to the contralateral normal side (0.48) D 3D fibre tractography of both trigeminal nerves showing normal and comparable 3D

tractography appearance of both nerves

Table 2 The summary of the FA values of the trigeminal nerves and comparison between the study groups

Mean FA value (+SD) Affected vs unaffected Affected versus HC Unaffected versus HC
P value P value Pvalue
Affected side Unaffected side Healthy controls
(n=16) (n=16) (n=15)
Mean 043 0.56 0.54 <0.00001 <0.0003 0.2308
SD 0.083 0.058 0.057

Table 3 The results of regression model for correlation between
pain score and degree of FA reduction

Model Coefficients T P-value
Estimate SD

Constant 0.645 0.033 19.467 <0.001

Pain score -0.047 0.007 —6.781 <0.001

t-test of the pain score variable and its corresponding
P-value (< 0.001), we conclude that pain score has sta-
tistically significant effect on FA value. Hence, the esti-
mated model is:

i=12,...,16
(2)

FA; = 0.645 — 0.047 pain score;,
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Discussion

Trigeminal neuralgia is recognized as recurrent electric-
like pain of a sudden onset and is localized to the area
supplied by the trigeminal nerve (TGN), and the patients
are usually free in between the attacks [1]. The purpose of
this study was to assess the value of diffusion tensor MR
imaging in patients with trigeminal neuralgia and to cor-
relate the DTI findings with the pain severity.

A significant statistical difference was found between
the FA values in the trigeminal nerve at the pain side
and that of the unaffected side (P<0.00001) and those
of the normal healthy controls (P<0.0003) indicating
microstructural changes in the nerve fibres in spite of
normal morphological appearance in the conventional
MR images. Our results matched with previous stud-
ies including Chen et al. [2] who studied 37 patients
with TN and found that the FA of the affected side were
significantly lower than those of the unaffected side
(P=0.012). Also, our results agreed with another study
done by DeSouza et al. [12] who performed DTI scans in
18 right-sided TN patients and 18 healthy control and it
was found that the affected trigeminal nerves had lower
FA compared to controls. Also, the study done by Lutz
et al. [13] over 81 patients with TN underwent DTI and
revealed significantly lower FA values within the vulner-
able zone of the affected trigeminal nerve compared with
the contralateral side. Similar findings were detected in
several previous studies as well [14-16].

In the current study, a significant high negative rela-
tionship between pain scores and the FA values were
detected with P<0.001. Studies correlating the DTI find-
ings with pain score are relatively sparse. However, our
results agreed with the results of Wu et al. [17] who found
the decline rate of FA was significantly correlated with
VAS scores and symptom duration (the decline of FA
was negatively correlated with VAS and symptom dura-
tion). Also, our results agreed with Wang et al. [18] who
studied a total of 17 patients with TN and it was found
that the FA value of the diseased side was negatively cor-
related with VAS (P=0.018).

In the study done by Moon et al. [19] over 14 patients
with TN underwent DTI using 7.0 Tesla MRI. They found
that, in patients with TN, affected sides showed signifi-
cantly decreased FA compared with unaffected trigemi-
nal nerves which agreed with our results, however upon
examining the associations between DTI parameters and
clinical characteristics for patients with TN, no statistical
correlation were detected. Another pain score was used
“Barrow Neurological Institute (BNI)” in their study.
Also in the study of Lutz et al. [13], no correlation was
found with the duration of symptoms or severity of com-
pression. Luo et al. [20] also found a significant statistical
difference in the DTI and DSI parameters between the
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affected and unaffected sides and those of healthy con-
trols; however, there was no significant statistical differ-
ence found between the MRI findings and the VAS pain
score.

The study has some limitations that necessitate fur-
ther investigations. One of the limitation is the relatively
small sample size. Another limitation is that all the study
group has short symptom duration (less than 3 years).
Further studies with larger number of patients and more
variations the disease duration and degree of pain is
recommended.

Conclusions

Diffusion tensor imaging is a functional MRI technique
which can detect the microstructural changes in the nor-
mal appearing trigeminal nerves in patients with trigemi-
nal neuralgia with a strong negative correlation between
the severity of pain and the degree of FA reduction of the
affected trigeminal nerve.
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