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ORIGINAL PAPER PŮVODNÍ PRÁCE

Trigeminal Nerve Asymmetry in Classic 
Trigeminal Neuralgia –  Evaluation by 
Magnetic Resonance Imaging

Asymetrie trojklaného nervu u klasické 
neuralgie trigeminu –  zhodnocení pomocí 
magnetické rezonance

Abstract
Aim: Classic trigeminal neuralgia (CTN) is characterized by episodic neuropathic facial pain 
that, with exception of neurovascular conflict (NVC), was not attributed to any underly-
ing disorder in our sample. Using magnetic resonance imaging, we evaluated volumes of 
affected and non-affected nerves and presence and type of NVC in a large group of CTN 
subjects prior to gamma knife treatment. Design: Correlation between affected nerve vo-
lume and NVC, clinical data and demographic characteristics (duration of pain, age) were 
explored in 45 subjects dia gnosed with CTN. Results: NVC was detected in 69% of affec-
ted nerves, 51% of non-affected nerves, and in 42% of subjects bilaterally. Lower trige-
minal nerve volume was detected on the affected side (p < 0.001), however, no corre-
lation between affected nerve volume and the presence and type NVC or demographic 
data was detected. Conclusion: Our results suggest that NVC may trigger CTN in suscep-
tible subjects but is not a reliable disease marker. Lower trigeminal nerve volume appears 
to manifest independently of NVC, and may represent nerve asymmetry rather than 
atrophy.

Souhrn
Cil: Klasická neuralgie trigeminu (CTN) je charakterizována epizodickou ostrou neuro-
patickou obličejovou bolestí a s výjimkou přítomnosti neurovaskulárního konfliktu (NVC) 
nebyla v našem souboru podmíněna jinou známou abnormitou či patologií. V poslední 
době je diskutovaná atrofie trigeminu na straně bolesti. Našim cílem bylo ověřit tyto nálezy 
a vztáhnout je k dalším klinickým datům. Soubor a metodika: Pomocí magnetické rezo-
nance (MR) jsme změřili objemy trojklaného nervu na bolestí postižené a nepostižené straně 
a vyhodnotili výskyt a typ NVC u 45 nemocných s CTN. Následně jsme provedli korelace 
mezi objemy postiženého nervu, NVC, klinickými a demografickými daty (trvání nemoci, věk 
nemocného). Výsledky: NVC jsme zjistili u 69 % postižených nervů, 51 % nepostižených 
nervů a u 42 % nemocných oboustranně. Signifikantně snížený objem trojklaného nervu byl 
zjištěn na bolestí postižené straně (p < 0,001). Žádné korelace jsme nezaznamenali mezi ob-
jemem postiženého nervu, přítomností a typem NVC ani mezi klinickými a demografickými 
daty. Závěr: Naše výsledky naznačují, že NVC může být sice spoušťovým mechanizmem CTN 
u vnímavých subjektů, ale není spolehlivým ukazatelem nemoci. Snížený objem trojklaného 
nervu se objevuje nezávisle na NVC a odráží spíše predisponující asymetrii trigeminu než 
vzniklou atrofii.
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Introduction 
Classic trigeminal neuralgia (CTN) is one 
of the most commonly treated pain syn-
dromes, although the cause of the dis ease 
is still under debate. Various authors have 
tried to explain the etiology of trigemi-
nal pain by different anatomical abnor-
malities, including trigeminal nerve vo-
lume changes. It has been shown that 
the volume of affected nerves in CTN is 
lower than non-affected nerves [1– 3]. 
The lower volume of affected nerves is 
often considered to reflect atrophy [1– 3], 
the gross manifestation of demyelination 
and axonal derangement, following neu-
rovascular conflict (NVC; the presence of 
either neurovascular contact or compres-
sion) or other insult. However, no effort 
to correlate trigeminal nerve volume with 
other imaging or clinical data has been 
undertaken to date. In the present study, 
we evaluated volumes of affected and 
non-affected nerves in a large group of 
CTN subjects refractory to pharmacolo-
gical treatment referred to our institu-
tion for gamma knife treatment. We fur-
ther evaluated subjects for the presence 
of NVC, classifying the type of contact 
when present. Our aim was to determine 
whether trigeminal nerve volume correla-
tes with the presence and type of NVC, 

as well as clinical parameters such as age 
and disease duration.

Groups and methods
Subjects
A total of 45 subjects dia gnosed with 
classic trigeminal neuralgia were inclu-
ded in the study (24 male, 21 female; 
age 54– 86 years, mean 69.2 ± 10 SD; 
disease duration 3– 180 months, mean 
64.6 ± 50 SD months). All subjects suf-
fered from classical trigeminal neuralgia 
with a spontaneous onset of episodic fa-
cial pain. No subjects had undergone any 
type of neurosurgical procedure (radio-
frequency rhizotomy, glycerol rhizotomy, 
balloon microcompression, microvascu-
lar decompression or peripheral neurec-
tomy, radiosurgery) prior to evaluation. 
The study was approved by the ethics 
com mittee of Na Homolce Hospital in Pra-
gue, and all subjects provided written in-
formed consent.

MR imaging protocol
All images were acquired after admini-
stration of an IV contrast agent prior to 
GKS treatment. In addition to standard 
imaging sequences collected for clinical 
purposes, 3D constructive interference in 
steady state (CISS) images were obtained 

for volumetric evaluation. Subjects were 
scanned at 1.5 T on a Siemens Avanto (Er-
langen, Germany) scanner (3D- CISS; slice 
thickness 0.9 mm, in-plane resolution 
0.45 × 0.45 mm, TE 2.47 ms, TR 5.54 ms, 
NEX = 2).

Post-processing and assessment
Volumetry was evaluated in consistent 
grayscale using the auto- level mode in 
Leksell GammaPlan v.10.1 (Elekta Instru-
ments, Stockholm, Sweden) by man ually 
tracing the contours of trigeminal ner-
ves between the brain stem and Mec-
kel’s cave (Fig. 1). One investigator with 
18 years of experience in trigeminal 
nerve imaging performed all measure-
ments blinded to the side of neuralgia; 
measurements were repeated after six 
months.

CISS and T1- weighted post-contrast 
MR images were used to detect and clas-
sify NVC based on localization and rela-
tion of the vessel to the nerve [4]. The 
presence or absence of NVC was eva-
luated and localization of NVC was re-
corded as root- entry zone (REZ, defined 
as the segment of the trigeminal nerve 
up to 2– 4 mm from the brainstem) or 
non-root- entry zone. The relation of the 
vessel to the nerve was further classified 
as u- shaped contact, parallel contact, 
cros sing contact or nerve dislocation [4].

Statistical analyses
Region of interest (ROI) data were proces-
sed in R (R Development Core Team [5]). 
A paired t-test was used to detect dif-
ferences in trigeminal nerve volume on 
affected and non-affected sides, and 
a two-sample t-test was used to explore 
volume differences in affected nerves re-
lated to the number of branches affected 
(1 vs. 2), NVC type (REZ vs. non-REZ), and 
the presence of a trigger zone. A one- way 
analysis of variance (ANOVA) test was 
used to examine potential volume dif-
ferences in subgroups of affected ner-
ves classified according to type of NVC. 
A linear model was applied to investi-
gate correlation between affected nerve 
volume and disease duration and patient 
age. Intra- rater variability was assessed 
using the single score intra- class correla-
tion. The Bonferroni correction for multi-
ple comparisons was applied to maintain 
an alpha of 0.05. All significant p- values 
reported are corrected.

Fig. 1. 3D-CISS MR image used for volumetric evaluation. ROIs placed on the 
bilateral trigeminal nerves, circles placed on the side of neuralgia represent 
planned 50% and 30% isodoses delivered by gamma knife irradiation.

CISS – constructive interference in steady state, ROI – region of interest.
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Results
The distribution of pain in trigemi-
nal nerve branches was as follows: one 
branch in 22 subjects (49%) and two 
branches in 23 subjects (51%; in 12 sub-
jects branches I and II, in 11 subjects bran-
ches II and III). Forty of 45 patients (89%) 
had a trigger zone (TZ). NVC was detec-
ted in 31 of 45 affected trigeminal ner-
ves (69%), including 13 instances of 
u- shaped contact, seven crossing contact, 
seven parallel contact and four instances 
of dislocation. NVC within the REZ was 
observed in 11 (24%) affected nerves. 
In 23 (51%) subjects, NVC was detected 
on the non-affected side, including seven 
(16%) instances of NVC within the REZ. 
NVC was detected bilaterally in 19 (42%) 
subjects.

Volumetric results
Intra- rater agreement between two se p   -
arate measurements was excellent 
(ICC = 0.98) and the mean of these mea-
surements was used in further tests. 
We detected lower group- wise trigemi-
nal nerve volume in affected nerves vs. 
non-affected nerves (p < 0.001, affected 
mean 33.3 mm3 ± 13 SD, non-affected 

mean 40.8 mm3 ± 18 SD; Graph 1). No de-
pendence on disease duration (p = 0.32) 
or patient age (p = 0.54) in affected ner-
ves was detected. Additionally, no diffe-
rences in affected volumes were detected 
either between the various types of NVC 
(F(4,40) = 1.04, p = 0.40; Graph 2) or be-
tween groups with different numbers of 
affected branches (1 vs. 2, p = 0.27).

Discussion
In the present study, we evaluated clini-
cal and MR imaging data in a large group 
of patients dia gnosed with CTN that 
were referred to our institution for GKS 
treatment. All patients presented with 
one or two branches affected, in roughly 
equal proportions, while the majority of 
patients had a trigger zone. MR imaging 
detected NVC in 69% of affected nerves, 
including 24% within the REZ. NVC was 
also detected in 51% of subjects on the 
non-affected side and in 42% bilater ally. 
This is in agreement with previous stu-
dies [2,6– 8], suggesting that NVC may 
trigger CTN in susceptible subjects but is 
not a reliable disease marker.

When evaluating trigeminal nerve vol-
ume on MR images, we detected lower 

trigeminal nerve volume on the affected 
side in comparison to the non-affected 
side (Graph 1). Lower trigeminal nerve 
volume in CTN has been previously re-
ported and posited to represent atrophy 
due to NVC [1– 3]. However, previous stu-
dies have not explored potential corre-
lation between nerve volume and other 
covariates such as the presence and type 
of NVC, disease duration or patient age. 
Although, in agreement with previous re-
ports, we detected lower nerve volume 
on the affected side [1– 3], we did not ob-
serve any correlation with other covaria-
tes in affected nerves. No differences in 
affected nerve volumes were detected in 
NVC positive and negative subjects, nor 
were any volume differences detected by 
number of branches affected, NVC clas-
sification (Graph 2) or the presence or 
absence or REZ contact. Additionally, no 
cor relation was detected between affec-
ted trigeminal nerve volume and patient 
age or disease duration.

Histopathological studies in CTN have 
reported central demyelination [9– 11] 
as well as axonal changes [10] in affec-
ted nerves. It is currently thought that 
CTN arises in the presence of NVC due 
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Graph 1. Tukey boxplot illustrating lower group-wise trige-
minal nerve volume in affected nerves versus non-affected 
nerves in CTN (p < 0.001).

CTN – classic trigeminal neuralgia, aff – affected side, non – 
non-affected side.
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Graph 2. Tukey boxplot illustrating no group-wide diffe-
rences in affected volumes in CTN by type of NVC (F(4,40) = 
= 1.04, p = 0.40). NVC was classified as n for none, u for 
u-shaped contact, p for parallel contact, x for crossing con-
tact and d for dislocation.

CTN – classic trigeminal neuralgia, NVC – neurovascular conflict.
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to pulsatile compression of demyelina-
ted fibers, resulting in aberrant, ephapti-
cally transmitted impulses [12]. Success-
ful treatment of CTN with microsurgical 
decompression [13] strongly supports in-
volvement of NVC in the pathogenesis of 
CTN. However, with regard to trigeminal 
nerve volume, our findings suggest that 
lower volume of affected nerves occurs 
independently of NVC. Lower trigemi-
nal nerve volume is likely present prior to 
clinical onset and predisposes an indivi-
dual to the development of CTN, rath er 
than occurring as a consequence of NVC. 
This hypothesis is supported by the de-
tection of NVC in non-affected nerves in 
the present study as well as in previous 
studies [2,6– 8].

In conclusion, we observed NCV in 
69% of affected nerves and 51% of 
non-affect ed nerves in CTN, suggesting 
that NVC may trigger CTN in susceptible 
subjects but is not a reliable disease marker. 
No dependence of affected trigeminal 
nerve volume on demographic factors 
was observed. Additionally, no volume 

dependence on the presence or type of 
NVC was detected. Therefore, we recom-
mend that the term asymmetry, rather 
than atrophy, is used to describe lower vo-
lume of affect ed trigeminal nerves in CTN.
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