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Abstract
Background Idiopathic trigeminal neuralgia (TN) is caused
by neurovascular compression and is often related to morpho-
logical changes in the trigeminal nerve. The aim of this study
was to quantitatively measure atrophic changes of trigeminal
nerves in patients with TN, and to further investigate whether
nerve atrophy affected the efficacy of microvascular decom-
pression (MVD).
Methods We conducted a prospective case-control study of 60
consecutive patients with TN and 30 sex- and age-matched
healthy controls. All subjects underwent high-resolution
three-dimensional MRI. The volume of the cisternal segment
of trigeminal nerves was measured and compared using 3D
Slicer software. Patients with TN underwent primary MVD
and regular follow-up for at least 2 years. Associations of
nerve atrophy with patient characteristics and operative out-
comes were analyzed.
Results The mean volume of the affected trigeminal nerve was
significantly reduced in comparison to that of the nonaffected
side (65.8 ± 21.1 versus 77.9 ± 19.3 mm3, P = 0.001) and con-
trols (65.8 ± 21.1 versus 74.7 ± 16.5 mm3, P = 0.003). Fifty-two
patients (86.7%) achieved complete pain relief without medica-
tion immediately after surgery, and 77.6% of patients were

complete pain relief at the 2-year follow-up. The Spearman cor-
relation test showed that therewas a positive correlation (r= 0.46,
P = 0.018) between the degree of trigeminal nerve indentation
and nerve atrophy. In multivariate logistic regression analysis,
two factors, indentation on nerve root (OR = 2.968, P = 0.022)
and degree of nerve atrophy (OR = 1.18, P = 0.035), were asso-
ciated with the long-term outcome.
Conclusions TN is associated with atrophy on the affected
nerve. Furthermore, greater nerve atrophy is associated with
more severe trigeminal nerve indentation and better long-term
outcome following MVD.

Keywords Trigeminal neuralgia . Neurovascular conflict .

Nerve atrophy .Microvascular decompression . Prognosis

Abbreviations
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Introduction

The specific pathophysiological cause of trigeminal neuralgia
(TN) is still unclear. It has so far been widely accepted that
neurovascular conflict (NVC) at the nerve’s root entry zone
(REZ) plays a major role in the etiology of TN [4, 19, 18, 15,
17]. Microvascular decompression (MVD) leads to NVC elimi-
nation and successful pain relief, strongly supporting this theory,
which is widely regarded as a logical and valuable method for
curing the disease [24, 26]. However, NVChas been demonstrat-
ed in healthy subjects as well [1]. Furthermore, TN can occur in
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patients with no clear NVC [13]. These observations suggest that
NVC alone is insufficient to cause TN.

It is suggested that structural and morphologic changes that
occurred in the affected trigeminal nerve may be involved in the
pathophysiology of TN [7]. Morphologic changes in the nerve
include nerve distortion, deviation, groove formation, and nerve
atrophy. Atrophy of the trigeminal nerve is seen in most patients
with TN and is possibly due to structural abnormalities, such as
axonal loss and demyelination [10, 7]. Neurovascular compres-
sion may represent a continued source of irritation to the trigem-
inal nerve that is believed to be the main cause of nerve atrophy
[14]. Erbay et al. measured the diameter and cross-sectional area
of the trigeminal nerve in patients with TN and concluded that
trigeminal nerve atrophy can be depicted noninvasively [10].
However, the precise nerve atrophy on MRI was difficult to
delineate.

High-resolution three-dimensional (3D) MRI proved to be
reliable in detecting NVC and in predicting the degree of nerve
root compression [15], and also made it possible to identify fine
anatomic structures of trigeminal nerve in the cerebrospinal fluid.
In addition, previous studies demonstrated that patients with se-
vere trigeminal nerve indentation tended to exhibit greater clini-
cal improvement following MVD [24]. However, it is unclear
whether nerve atrophy correlates with degree of trigeminal nerve
indentation, andwhether it affects the surgical outcome ofMVD.
To address these problems, we conducted a prospective case-
control study to quantitatively measure the volume of the cister-
nal segment of trigeminal nerves in patients with TN in compar-
ison with age- and sex-matched control subjects. Furthermore,
we further analyzed the associations of nerve atrophywith patient
characteristics and operative outcomes.

Materials and methods

Patients and control subjects

Between September 2014 and March 2015, 60 consecutive
patients with idiopathic TN who were treated at the neurosur-
gery department of West China Hospital were included in the
study. Idiopathic TN was diagnosed according to the criteria
of the second edition of the International Classification of
Headache Disorders [25]. Patients diagnosed with secondary
TN, presenting with bilateral symptoms, or having been treat-
ed previously with other procedures were excluded. All pa-
tients underwent primary MVD and received regular follow-
up after operation. The following subject characteristics were
recorded: age, sex, symptom duration, distribution of pain,
operation date, surgical findings, follow-up duration, and op-
erative efficacy. Controls were healthy age- and sex-matched
volunteers. All patients and control subjects were informed
about the imaging procedure and gave written informed

consent. This study was approved by the West China
Hospital Ethics Committee.

Imaging examinations

All patients and control subjects were examined with the same
MRI scanner (Philips Achieva, 3.0 T). A standard protocol of
conventional axial T1WI, axial T2WI, and a special three-
dimensional sequence focused over the posterior fossa: 3D–
T2-DRIVE (TR, 2000 ms; TE, 200 ms; matrix, 256 × 168;
ACQ voxel MPS, 0.59/0.89/1.60 mm; REC voxel MPS, 0.29/
0.29/0.80 mm; thickness, 0.5 mm) was performed. The image
was jointly interpreted by neurosurgeons and neuroradiolo-
gists. Subjects with structural abnormalities were excluded.

Measurements

Three-dimensional T2-DRIVE images were transferred to a per-
sonal workstation for postprocessing and analysis. Segmentation
and measurements of trigeminal nerve volume were performed
using the imaging software 3D Slicer (version 3.6.3, U.S.), a free
download available on the website https://www.slicer.org/.

The volume of the cisternal segment of trigeminal nerve
was selected to evaluate the general alteration of the trigeminal
nerve. The trigeminal nerve was manually delineated on the
axial images from the pons to the narrow aperture of Meckel’s
cave with section thickness of 0.5 mm, and the volume of the
cisternal segment of trigeminal nerve was automatically cal-
culated with the 3D reconstruction software (Fig. 1). Nerve
atrophy was defined when the volume of the nerve was small-
er than that of the contralateral nerve. The degree of trigeminal
nerve atrophy was calculated as the volume loss of the affect-
ed side divided by the volume of the contralateral side,
expressed as a percentage. All work were performed by one
radiologist blinded to the clinical information and experienced
with the software.

Surgical techniques

All patients were operated on by microvascular decompression
via a standard suboccipital retrosigmoid approach, which has
been described in detail in our previous study [26]. When the
NVCwas identified, Teflon felt was inserted between the trigem-
inal nerve and the offending vessel for decompression.
Meanwhile, patterns of offending vessels and degree of trigem-
inal nerve indentation were documented. Due to the lack of a
universal approved grade to assess the degree of trigeminal nerve
indentation during operation, we used three grades: grade 1
means no or mild indentation, grade 2 means moderate indenta-
tion, and grade 3 indicates severe indentation with nerve discol-
oration and displacement. The grade of trigeminal nerve inden-
tation reflects the severity of neurovascular compression.
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Follow-up and outcome assessment

All patients were followed-up at the outpatient department or by
telephone for at least 2 years. Surgical outcomes were evaluated
based on the Barrow Neurological Institute (BNI) Pain Intensity
Scale [21] by an independent neurosurgeon who was blinded to
the measurements and intraoperative findings. Clinical outcomes
were categorized as complete pain relief (BNI pain score I),
partial pain relief (BNI pain score II–III), and failure (BNI pain
score IV–V). Short-term outcome was evaluated immediately
after the surgery, and long-term outcome was evaluated at
follow-up for more than 2 years.

Statistical analyses

Descriptive statistics were used to summarize patient charac-
teristics and clinical features. The volume of the cisternal seg-
ment of trigeminal nerve on the affected and nonaffected
sides, or patient and control groups were compared using
Student’s t test. Correlations between patient characteristics,
such as symptom duration, distribution of pain, offending ves-
sel and nerve indentation, and degree of nerve atrophy were
calculated using the Spearman correlation test. Uni- and mul-
tivariate logistic regression analysis were designed to deter-
mine possible prognostic factors of MVD surgery outcomes.
Independent variables included sex, age, symptom duration,
distribution of pain, offending vessel type, trigeminal nerve
indentation, and degree of nerve atrophy. The dependent var-
iable was long-term operative outcomes (1 = complete pain
relief without medication [BNI pain score I], 0 = partial pain
relief or failure [BNI pain score II–V]). A Kaplan–Meier

survival analysis was performed to evaluate the long-term
outcome of MVD. Associations were considered statistically
significant when P < 0.05. SPSS software was used for statis-
tical analyses (version 19.0).

Results

Demographics and clinical characteristics

A total of 90 study subjects, comprising 60 TN patients and 30
healthy controls, were included in this study. The mean ages of
patients with TN and controls were 48.3 ± 9.1 (range, 23–70) and
48.6 ± 9.4 (range 23–69) years; there was no statistical difference
inmean age between the two groups (P= 0.43). The female/male
ratio was 1.5:1 in both groups. The basic patient characteristics
and clinical features are summarized in Table 1.

Surgical findings

In three cases (5%) of the 60 patients with TN, no offending
vessel was found during the operation despite a careful and
complete exploration of the trigeminal root from the pons to
the porus of Meckel’s cave. The superior cerebellar artery
(SCA) was identified as the most frequent offending vessel
in 38 cases (63.3%), the anterior inferior cerebellar artery
(AICA) in ten cases (16.7%), the vertebral artery (VA) in three
cases (5%), and the basilar artery (BA) in one case (1.7%). In
addition, a vein was found to be the main offending vessel in
five cases (8.3%) (Table 1).

According to our established classification, the degree of
trigeminal nerve indentation was grade 1 in 13 patients

Fig. 1 Delineation of the outline of
trigeminal nerves in the axial (a),
sagittal (b), and coronal (c) views.
The segmentation of trigeminal
nerves in a 3D view from the pons
to the Meckel’s cave by using 3D
Slicer software (d)
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(21.7%), grade 2 in 21 patients (35%), and grade 3 in 26
patients (43.3%) (Table 1).

Trigeminal nerve atrophy

The mean volume of the cisternal segment of trigeminal nerve
was 65.8 ± 21.1 mm3 on the affected side, 77.9 ± 19.3 mm3 on
the nonaffected side, and 74.7 ± 16.5 mm3 in the control group.
The volume of the affected trigeminal nerve was significantly
reduced in comparison to that of the nonaffected side
(P = 0.001) and controls (P = 0.003). However, there was no
statistical difference in mean volume between the nonaffected
side nerve of patients with TN and controls (P = 0.62), nor
between the right and left sides of the trigeminal nerve in the
control subjects (P = 0.34). The loss of volume on the affected
side compared with that on the nonaffected side (15.5%) in pa-
tients with TN was greater than the difference between the right
and left sides in the control group (2.3%).

Correlations between patient characteristics and nerve
atrophy

The Spearman correlation test showed that there was a posi-
tive correlation (r = 0.46, P = 0.018) between the degree of
trigeminal nerve indentation and nerve atrophy. However, oth-
er factors, such as age, sex, symptom duration, distribution of
pain and type of offending vessel, were not significantly cor-
related with the trigeminal nerve atrophy.

Correlations between nerve atrophy and surgical outcome

Fifty-two patients (86.7%) achieved complete pain relief with-
out medication (BNI pain score I) immediately after the sur-
gery, six patients (10%) achieved partial pain relief (BNI pain
score II–III) postoperatively, and only two patients (3.3%)
failed to obtain pain relief (BNI pain score IV–V) immediately
after the operation. These patients were followed up from 24
to 30 months (median, 26 months). Two patients were lost to
follow-up and were not included in any statistical analyses. At
the 2-year follow-up, 45 patients (77.6%) were pain free with-
out medication (BNI pain score I), nine patients (15.5%) suf-
fered from partial pain relief in different degrees (BNI pain
score II–III) and four patients (6.9%) failed to obtain pain
relief (BNI pain score IV–V). A Kaplan–Meier survival anal-
ysis was performed to evaluate the long-term outcome of
MVD (Fig. 2).

Univariate logistic regression analysis showed a significant
association between the long-term outcome of MVD surgery
and type of offending vessels (OR = 2.161, P = 0.017), trigem-
inal nerve indentation (OR = 3.182, P = 0.023), and degree of
nerve atrophy (OR = 2.424, P = 0.031) (Table 2). However, in
multivariate logistic regression analysis, only two factors, trigem-
inal nerve indentation (OR = 2.968, P = 0.022), and degree of
nerve atrophy (OR = 1.18, P = 0.035), were associated with the
long-term outcome (Table 3).

Table 1 Characteristics of the patients with trigeminal neuralgia
and controls

Characteristics Case group Controls

Number 60 30

Sex (Male/Female) 24/36 12/18

Age (years) 48.3 ± 9.1 48.6 ± 9.4

Volume of trigeminal nerve (mm3)

Affected side/Right side in controls 65.8 ± 21.1 73.8 ± 18.4

Nonaffected side/Left side in controls 77.9 ± 19.3 75.5 ± 17.9

Symptom duration (years), median (range) 4.5 (0.5–25)

Distribution of pain, n (%)

V1 1 (1.7%)

V2 6 (10%)

V3 9 (15%)

V1 & V2 14 (23.3%)

V2 & V3 23 (38.3%)

V1, V2, & V3 7 (11.7%)

Predominant offending vessel, n (%)

SCA 38 (63.3%)

AICA 10 (16.7%)

VA 3 (5%)

BA 1 (1.7%)

Vein only 5 (8.3%)

Unidentified offending vessel 3 (5%)

Indentation, n (%)

None or mild 13 (21.7%)

Moderate 21 (35%)

Severe 26 (43.3%)

TN trigeminal neuralgia, SCA superior cerebellar artery, AICA anterior
inferior cerebellar artery, VA vertebral artery, n number

Fig. 2 Kaplan–Meier curve showing the long-term outcome of
microvascular decompression: complete pain relief without medication
versus partial or complete pain relief
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Discussion

Since Dandy [6] first described the compression of blood vessels
on the REZ of trigeminal nerve as the reason for TN, the theory
of NVC was widely accepted. However, it was unclear how
vascular compression leads to TN, and it was also puzzling
why a substantial number of patients with TN did not seem to
have any evidence of NVC. This demonstrated that NVC might
not necessarily be required for the development of TN in some
patients [5]. Jannetta [12] proposed that vascular compression
exerted constant pressure on the nerve and thus caused focal
demyelination of trigeminal sensory root axons and, thereby,
ephaptic Bshort circuits^ that he believed were responsible for
the neuralgia. Previous studies [7, 18] examined the ultrastructure
of the trigeminal sensory root in patients with TN, and examina-
tion revealed a zone of chronic demyelination in the proximal
part of the nerve root near its junction with peripheral nerve [18].
These observations suggest that focal demyelination of the tri-
geminal nerve root is probably involved in the pathogenesis of
TN. Trigeminal nerve atrophy ipsilateral to the symptomatic side
can be visible both on preoperativeMRI and during the operation
[10, 23], which is found in most cases of TN and is thought to be
a late consequence of the chronic physical stress by vascular
compression following demyelination [7]. Atrophic change is
one of the signs of nerve damage.

Assessment of nerve atrophy

Many parameters have been developed to estimate the nerve
atrophy, including diameter (1D), cross-sectional area (2D), and
volume (3D) [20, 14, 10]. With the advances of imaging tech-
nology, high-resolution 3D MR sequences, such as 3D time-of-
flight (TOF) MR angiography, 3D driven equilibrium (DRIVE)
sequence, and 3DT1-weighted gadolinium-enhanced sequences,
make it possible to quantitatively analyze the anatomical charac-
teristics of cranial nerves [5]. In the present study, we selected the
volume of the cisternal segment of trigeminal nerve to evaluate
nerve atrophy, instead of the cross-sectional area at the site of
NVC of the nerve. Because the volume may more precisely
reflect the general alteration of the trigeminal nerve, the cross-
sectional area mainly reflects the extent of indentation of the
trigeminal nerve due to the chronic physical compression by
offending vessels. Furthermore, NVC is not always visible in
some patients though with high-resolution 3D MRI, besides,
the site of NVC is often variable throughout the whole length
of the nerve. Hence it is difficult to measure the cross-sectional
area precisely. All subjects in this study underwent a high-
resolution 3-TMRIwith 3DDRIVE sequence, so the delineation
of fine anatomic structure and quantitative measurement of vol-
ume of the trigeminal nerve can be achieved with the use of 3D
Slicer software.

Trigeminal nerve atrophy

Our results showed that the volume of the affected trigeminal
nerve was significantly reduced in comparison to that of the
nonaffected side and controls. However, there was no statisti-
cal difference in mean volume between the right and left sides
of the trigeminal nerve in the control subjects. The significant
volume difference between the affected and nonaffected sides
in patients with TN is indicative of trigeminal nerve atrophy.
In the majority of cases, the loss of trigeminal nerve tissue is
believed to be the result of chronic physical stress by vascular
compression. This is supported by the fact that up to 42% of
symptomatic nerves have gross atrophy that can be directly
visualized during operation [20, 7].

These results are in accordance with previous reports. Leal
et al. [16] measured the fraction of anisotropy (FA) and the ap-
parent diffusion coefficient (ADC) of trigeminal nerve in patients
with TN and control subjects and found that the trigeminal nerve
of the affected side presented extensive loss of FA and an in-
crease in ADC. They also found that the loss of volume and
cross-sectional area in affected nerves were associated with loss
of FA and increase in ADC [16]. Herweh et al. achieved similar
results by studying the trigeminal nerve using the diffusion tensor
imaging [11]. These studies suggested that the observed FA re-
duction might be the late consequence of morphologic changes
of the trigeminal nerve caused by chronic mechanical irritation
[11, 16]. Furthermore, Park et al. [20] conducted a noncontrolled

Table 3 Multivariate logistic regression analysis of possible prognostic
factors after MVD in patients with TN

Parameter B P OR 95% CI

Sex −1.063 0.176 0.345 0.074–1.609

Age −0.012 0.781 1.012 0.933–1.097

Symptom duration 0.109 0.408 1.115 0.862–1.442

Distribution of pain 0.427 0.154 1.533 0.853–2.756

Offending vessels 0.250 0.401 1.284 0.716–2.301

Indentation 1.088 0.022* 2.968 0.883–7.393

Degree of nerve atrophy 0.166 0.035* 1.180 0.964–1.986

TN trigeminal neuralgia, MVD microvascular decompression, CI confi-
dence interval, OR odds ratio

*P < 0.05

Table 2 Univariate logistic regression analysis of possible prognostic
factors after MVD in patients with TN

Parameter B P OR 95% CI

Offending vessels 0.711 0.017* 2.161 0.614–8.967

Indentation 1.158 0.023* 3.182 1.108–9.140

Degree of nerve atrophy 0.886 0.031* 2.424 0.897–6.552

TN trigeminal neuralgia, MVD microvascular decompression, CI confi-
dence interval, OR odds ratio

*P < 0.05
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study in which the mean volume and cross-sectional area of the
cisternal segment of the trigeminal nerve were measured in 26
patients with TN. They found that 92.3% of the patients had
nerve atrophy on the affected side. Moreover, an ultrastructural
analysis of trigeminal root specimens obtained duringMVD sur-
gery showed that pathological changes in tissue included
axonopathy and axonal loss, demyelination, a range of less se-
vere myelin abnormalities (dysmyelination), residual myelin de-
bris, and the presence of excess collagen. These observations
strongly support the contention that vascular compression can
damage trigeminal root fibers in patients with TN, and thus
causes the atrophic changes of trigeminal nerve [7].

Correlations between patient characteristics and nerve
atrophy

Various degrees of severity of vascular compression have
been defined and qualified from no contact or mere contact
to marked distortion or even severe indentation of the nerve
root [24, 2]. In the present study, we defined three grades to
assess the degree of trigeminal nerve indentation during the
operation. Our results showed that there was a positive corre-
lation between the degree of trigeminal nerve indentation and
nerve atrophy. This means that patients with severe indenta-
tion of the trigeminal nerve root tend to have a high degree of
nerve atrophy. These results are consistent with the observa-
tions in previous ultrastructural studies. Devor et al. [7] con-
ducted an ultrastructural analysis of trigeminal root specimens
obtained during MVD surgery and suggested that nerve root
damage was focal, directly related to vascular compression,
and in line with the degree of compression and discoloration
seen during operation [7]. Furthermore, Leal et al. [14] mea-
sured the volume and cross-sectional area of the trigeminal
nerve in patients with TN and also found that the severity of
compression was significantly correlated with the mean vol-
ume. The ipsilateral TN with NVC grade III had a smaller
mean volume than the ipsilateral TN with NVC grade I [14].

Correlations between nerve atrophy and surgical outcome

Our results showed that complete pain relief rate (BNI pain score
I) was 86.7% immediately after the surgery, and 77.6% at the 2-
year follow-up. This suggests that MVD is an effective and safe
method for treating patients with idiopathic TN. However, MVD
is not always successful. There are still some patients present
with poor surgical outcomes. Failure rates of 15–35% have been
reported in the literature [24, 22, 3]. Therefore, the investigation
of various factors that may influence the outcome of MVD sur-
gery is of great importance in improving patient selection and
treatment strategies.

Univariate logistic regression analysis showed that patients
with arterial vascular compression were related to a higher
long-term pain relief rate compared with venous or no vascular

contact. A previous study also found that a lower success rate
was recorded for pure venous compression over arterial compres-
sion [24]. However, Dumot et al. concluded that patients with
marked venous compression could still achieve the same favor-
able success rate after MVD [8, 9]. The multivariate logistic
regression analysis did not find a relationship between the type
of offending vascular and surgical outcome. Furthermore, our
results showed that severe trigeminal nerve indentation was as-
sociated with good long-term outcomes. Some authors also sup-
port the notion that the more severe the degree of compression,
the better the results [24, 3]. Sindou et al. [24] quantified the
degree of compression at surgery from 1 to 3 and showed that
MVD offers a 15-year success rate of 88.1% if the NVC is grade
3, 78.3% if the NVC is grade 2, and only 58.3% if the NVC is
grade 1 [24]. The results also demonstrated that greater atrophy
of the trigeminal nerve was associated with significantly better
long-term outcome. In our opinion, atrophy of the trigeminal
nerve seems to be associated with better prognosis, possibly
due to its correlation with the degree of vascular compression.
Hence, accurate preoperative assessment of the morphologic
changes of trigeminal nerve in patients with TN is crucial to
predict long-term prognosis and thereby is helpful in choosing
the best treatment option.

Conclusions

We conducted a prospective case-control study and the results
suggested that morphologic and volumetric changes of the tri-
geminal nerve in patients with TN can be accurately measured
with high-resolution 3D MRI. Our results showed that the vol-
ume of the affected trigeminal nerve was significantly reduced in
comparison to that of the nonaffected side and controls. In addi-
tion, greater nerve atrophy was associated with more severe tri-
geminal nerve indentation and better long-term outcome follow-
ing MVD.
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