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Fraction of anisotropy and apparent diffusion coefficient
as diagnostic tools in trigeminal neuralgia
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Strong evidence suggests that classical trigeminal neuralgia (TN)
is caused by a focal insult on the trigeminal root, usually due to
neurovascular compression (NVC), justifying microvascular de-
compression (MVD) as the first neurosurgical option [29].

High-resolution magnetic resonance imaging (MRI) se-
quences (three-dimensional [3D] T2-weighted, 3D time-of-
flight magnetic resonance angiography, and 3D T1-weighted-
gadolinium, in association) revealed effective for depicting the
fine trigeminal neurovascular anatomy, of paramount importance
for planning MVD [18]. Also, structural abnormalities—such as
nerve deviation, groove formation, or atrophy—can be seen in a
large number of cases with TN [12]. Volume and cross-sectional
area measurements obtained by MRI were significantly smaller
on the affected nerves than on the unaffected nerves [19].
Pathological examination of specimens collected during surgery
showed axonal loss and demyelination [11], but these morpho-
logical changes can be difficult to interpret.

As diffusion tensor imaging (DTI) is able to assess tissue
integrity, this method has been applied to the study of abnor-
malities in white matter tracts, independent of their cause. DTI
quantifies the amount of non-random water diffusion within
tissues and provides unique in vivo information about the
pathological processes that affect water diffusion as a result
of microstructural damage [2]. Fraction of anisotropy (FA)
and apparent diffusion coefficient (ADC) represent the two
main DTI indices that are most widely used. FA describes
how much molecular displacements vary in space and is re-
lated to the presence of oriented structures [28]. ADC,
expressed as square millimeter per second, characterizes the

overall mean-squared displacement of molecules and the
overall presence of obstacles to diffusion [2, 28].

These evidences motivated several studies to examine
structural abnormalities in the trigeminal nerve (TGN) of pa-
tients with TN using FA [5–7, 9, 10, 13–15, 17, 22–25, 30]
and ADC [7, 13, 17, 23–25]. Most of the studies examining
FA by comparing the affected and unaffected sides of patients
and controls revealed a significant decrease in FAvalues [5–7,
9, 10, 14, 15, 17, 22–25]. Chen et al., Leal et al., and Lummel
et al. reported a significant elevation in ADC values in the
affected sides of patients [7, 17, 23]. Other three studies did
not find differences in ADC values between affected and un-
affected sides of patients and controls [13, 24, 25].
Concerning only DTI studies about TN caused by NVC, six
articles found a significant decrease in FA values [14, 17,
22–25] and two a significant increase in ADC values [17,
23] in the affected nerves.

The measurement of FA and ADC provides robust values
for quantifying the degree of microstructural abnormalities of
TGN. Degeneration or damage of white matter tracts is ex-
pected to result in reduced FA, owing to the loss of direction-
ality of diffusion and increase in ADC, that is due to diffusiv-
ity being averaged in all spatial directions as a result of the loss
of myelin and axonal membranes [1]. However, studies had
some limitations. Measurements were extracted using resolu-
tions that may not be sufficient to reveal all abnormalities.
With DTI, multiple images are collected so that the signal
can be sensitized to diffusion in different directions, building
up multiple measurements for each voxel in the brain [16].
Only six of the abovementioned studies were performed with
30 or more diffusion gradient-directions [5, 7, 9, 10, 17, 30].
Other limits are the potential partial volume effects caused by
the small size of the root bathed in cerebrospinal fluid and the
artifactual images caused by involuntary patient motion.

Two studies compared diffusion abnormalities in patients
with TN before and after surgery [10, 15]. DeSouza et al.
studied patients who underwent gamma knife radiosurgery
(GKRS, 15 patients) or MVD (10 patients) and 14 controls
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[10]. Authors established a cutoff of at least a 75% reduction
in preoperative pain to distinguish effective from ineffective
treatment [10]. After effective treatment (group of 6 patients
who had GKRS and 9 patients who had MVD), the FA abnor-
mality in the affected side resolved such that FA increased and
was no longer significantly different from the unaffected side
or controls [10]. However, FA remained significantly lower in
the affected side compared with the unaffected side and con-
trols in the ineffective treatment (group of 9 patients who had
GKRS and 1 patient who had MVD) [10]. Authors suggested
that surgical treatment can effectively resolve pain by normal-
izing trigeminal root abnormalities [10]. In Hodaie et al.’s
study, radiosurgery resulted in 47% drop in FA values at the
target with no significant change in FA outside the target,
demonstrating highly focal changes after treatment, suggest-
ing that radiosurgery primarily affects myelin [15].

The mechanisms underlying the analgesic effect of surgical
treatment are not well understood. Previous studies
performing ultrastructural and immunohistochemical analyses
of the TGN in patients with TN have consistently shown ab-
normalities at the root entry zone including demyelination
[26]. Cottee et al. performed a cat model of demyelination
mediated by pressure on the optic nerve and found
remyelination 6 weeks after pressure cessation and a possible
recovery at 11 weeks after pressure cessation [8]. The revers-
ible increase of FA could be explained with neural tissue re-
covery with remyelination after nerve decompression. On the
other hand, the nerve damage caused by chronic pulsatile
vascular compression can be definitive due to irreversible le-
sions in TGN myelin, even after removal of the compression,
explaining the persistence of loss of anisotropy after surgery.

ADC increase quantifies the overall presence of obstacles
to diffusion, being correlated with not only demyelination but
also with neuroinflammatory processes and/or neuroedema
[1]. The possible recovery of ADC values would suggest an
improvement of conduction and reduction of edema of the
trigeminal root after surgery.

MRI studies have shown that images of NVC on the TGN
frequently occur in persons without facial pain and it is widely
admitted that a contact between a vessel and the TGN is not
necessarily pathological [3, 27]. Further, a certain number of
patients with TN do not display NVC [4]. Certain authors did
not find changes in DTI parameters in asymptomatic individ-
uals with unilateral NVC [20, 21], suggesting that neither
demyelination nor axonal injury exists when a vascular con-
tact is not pathological.

In summary, DTI indices allow to better understand the
pathophysiology of TN as well as treatment effects. DTI
may become an essential diagnostic test for TN in the near
future.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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