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Abstract OBJECTIVES: The etiology of classic trigeminal neuralgia (CTN) is still under 
debate and, together with neurovascular compression (NVC), other anatomical 
abnormalities have been considered, including differences of trigeminal nerve 
(TN) volume. 
DESIGN: We evaluated the volumes of affected and non-affected nerves and the 
presence and type of NVC in large group of 84 CTN subjects prior to gamma knife 
treatment (GKS) on MR images. Correlation between affected nerve volume and 
NVC, treatment outcome and demographic characteristics were explored.
RESULTS: NVC was detected in 71% of affected nerves, 52% of non-affected 
nerves, and in 31% of subjects bilaterally. Lower trigeminal nerve volume was 
detected on the affected side (p<0.001, affected mean 34.9 mm3 ± 14.4 SD, non-
affected mean 41.9 mm3 ± 17.7 SD), however, no correlation between affected 
nerve volume and the presence and type NVC, treatment outcome or demographic 
data was detected. 
CONCLUSION: Our results suggest that NVC may trigger CTN in susceptible sub-
jects 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. No correlation between volumetry and clinical data was detected 
including treatment outcome after GKS.

 
Abbreviations:
CTN - Classic trigeminal neuralgia
NVC - neurovascular compression
GKS - gamma knife surgery

CISS - constructive interference in steady state
ANOVA - analysis of variance

TZ - trigger zone
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INTRODUCTION

Classic trigeminal neuralgia (CTN) is one of the most 
commonly treated facial pain syndromes, although 
the cause of the disease is still under debate. Various 
authors have attempted to explain the etiology of tri-
geminal pain by different anatomical abnormalities 
including the finding of nerve volume differences. It has 
been shown the volume of affected nerves in CTN is 
lower than non-affected nerves (Erbay et al. 2006; Kress 
et al. 2006; Ha et al. 2012). The lower volume of affected 
nerves is often considered to reflect atrophy (Erbay et 
al. 2006; Kress et al. 2006; Ha et al. 2012), the gross man-
ifestation of demyelinization and axonal derangement, 
following NVC or other insult. However, no effort to 
correlate trigeminal nerve volume with other imaging or 
clinical data has been undertaken to date. Based on our 
previous pilot study (in press) with a smaller number of 
patients, we evaluated the volumes of affected and non-
affected nerves in larger group of CTN subjects refrac-
tory to pharmacological treatment that were referred to 
our institution of gamma knife treatment. We further 
evaluated subjects for the presence of NVC, classify-
ing the type of contact when present. Our aim was to 
determine whether trigeminal nerve volume correlates 
with the presence and type of NVC, as well as clinical 
parameters such as age, disease duration, pretreatment 
clinical manifestations and treatment outcome follow-
ing gamma knife surgery (GKS).

MATERIALS AND METHODS

Subjects

A total of 84 subjects diagnosed with classic trigemi-
nal neuralgia were included in the study (40 male, 44 
female; age 45–91 years, mean 69.6±9.6 SD; disease 
duration 3–268 months, mean 69.8±61 SD months). 

All subjects suffered from typical, idiopathic trigeminal 
neuralgia with a spontaneous onset of episodic facial 
pain. No subjects had undergone any type of neuro-
surgical procedure (radiofrequency rhizotomy, glycerol 
rhizotomy, balloon microcompression, microvascular 
decompression or peripheral neuroectomy) prior to 
GKS. The study was approved by the Ethics commit-
tee of Na Homolce Hospital in Prague, and all subjects 
provided written, informed consent.

Clinical evaluation

All subjects were neurologically examined before the 
initiation of GKS treatment, 3 and 12 months after 
irradiation, and annually or biannually thereafter. The 
mean follow-up was 35.2 months±24.9 SD (range 12–96 
months). Three subjects were lost to follow-up. In addi-
tion to neurological status, tactile and analgesic sensa-
tion (pin-prick test) were evaluated. Subjects classified 
the degree of pain relief following GKS using a per-
centile scale, with 0% representing pain free and 100% 
representing no change. The patients were divided 
into groups according to their perception of residual 
pain as follows: group I, excellent (0%); group II, good 
(1–50%); group III, poor (51–75%); group IV, failed 
(76–100%). Treatment was considered successful when 
the subject reached group I or group II and pain relief 
lasted a minimum of 6 months.

Radiosurgical technique

Radiosurgery was performed using a Leksell Gamma 
Knife model 4C and Perfexion (Elekta Instruments, 
Stockholm, Sweden). Planning was performed with 
the GammaPlan planning system (Elekta Instruments, 
Stockholm, Sweden). The trigeminal nerve along its 
course through the pontocerebellar cistern was targeted 
for irradiation such that a 20% to 30% isodose tangen-
tially touched the surface of adjacent brainstem. A 4 mm 
collimator and a single shot with a maximal dose of 80 Gy 
were applied (Urgosik et al. 2000, Young et al. 2013). 

Imaging protocol

All images were acquired after the administration 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 evalu-
ation. Thirty-nine subjects (18 male, 21 female; age 
50–93 years, mean 70.1±9.8 SD; disease duration 3–268 
months, mean 76.0±72.3 SD 3 months) were scanned 
on a 1.0 T Siemens Expert (Erlangen, Germany) scan-
ner (3D-CISS; slice thickness 1.0 mm, in-plane resolu-
tion 0.98×0.98 mm, TE 8.08 ms, TR 16.7 ms, NEX=1), 
while fourty-five subjects (24 male, 21 female; age 
54–86 years, mean 69.3±9.6 SD; disease duration 3–180 
months, mean 64.3±49.8 SD months) were scanned at 
1.5 T on a Siemens Avanto (Erlangen, Germany) scan-
ner (3D-CISS; slice thickness 0.9 mm, inplane resolu-
tion 0.45×0.45 mm, TE 2.47 ms, TR 5.54 ms, NEX=2).

Fig. 1. 3D-CISS image used in 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.
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Postprocessing and ROI placement

Volumetry was evaluated in consistent grayscale using 
the auto-level mode in Leksell GammaPlan v.10.1 
(Elekta Instruments, Stockholm, Sweden), by manually 
tracing the contours of trigeminal nerves between the 
brain stem and Meckel’s cave (Figure 1). One inves-
tigator with 18 years experience in trigeminal nerve 
imaging performed all measurements, and repeat mea-
surements were performed after a period of six months. 
NVC evaluation CISS and T1-weighted post-contrast 
MR images were used to detect and classify NVC based 
on localization and relation of the vessel to the nerve 
(Adamczyk et al. 2007). The presence or absence of 
NVC was evaluated, and the localization of NVC was 
recorded as root-entry zone or non-root-entry zone. 
The relation of the vessel to the nerve was further clas-
sified as u-shaped contact, parallel contact, crossing 
contact or nerve dislocation (Figure 2).

Statistical analyses

ROI data were processed in R (www.r-project.org). A 
paired t-test was used to evaluated differences between 
datasets from both scanners, including affected nerves 
and pooled data. As no differences were detected, the 
data were pooled in all further analyses. A paired t-test 
was additionally used to detect differences in trigemi-
nal nerve volume on affected and non-affected sides, 
and a two-sample t-test was used to explore volume dif-
ferences in affected nerves related to hypestesia, pain 
relief (complete versus other), recurrence, number of 
branches affected (1 versus 2), NVC type (REZ versus 
non-REZ), and the presence of a trigger zone. A one-
way analysis of variance (ANOVA) test was used to 
examine potential volumes differences in subgroups 
of affected nerves classified according to type of NVC. 
A linear model was applied to investigate correlation 
between affected nerve volume and disease duration 

and patient age. Intra-rater variability was assessed 
using the single score intraclass correlation. The Bon-
ferroni correction for multiple comparisons was applied 
to maintain an alpha level 0.05. All significant p-values 
reported are corrected.

RESULTS

Clinical results

The distribution of pain in trigeminal nerve branches 
was as following: 1 branch in 39 subjects (46%), two 
branches in 43 subjects (51%), and in 3 branches in 2 
subjects (2%). Seventy of seventy-nine patients (89%) 
had a trigger zone (TZ). Initial, successful pain relief 
(group I and group II) occurred in 90% of patients. 
Fifty-four percent of patients were pain free (group I). 
In 10% of patients (group IV) treatment failed. No sub-
jects were classified as group III. Pain relief appeared 
within the range of 1 day to 12 months (median 2 
months). The recurrence of pain was noted in 22% of 
patients. Recurrence was defined as initial excellent or 
good response (group I or group II), later reclassified as 
poor or failed response (group III or group IV).

Adverse effects

Sensory examination was not performed in 8 patients. 
Facial sensory impairment was observed in 30 of 76 
subjects (39%). Hypesthesia was of mild intensity and 
in many subjects was only revealed by detailed neuro-
logical examination. Sensory impairment manifested 
within 2 to 32 months (median 10 months).

NVC assessment

NVC was detected in 60 of 84 affected trigeminal nerves 
(71%), including 30 instances of kissing (u-shaped) 
contact (36%), 11 crossing contact (13%), 10 parallel 
contact (12%) and 9 instances of dislocation (11%). 

Fig. 2. Types of neurovascular conflict (all on the left side): Parallel contact on CISS (a) and contrast-enhanced T1WI (CE T1, b), u-shaped 
contact on CISS (c) and CE T1 (d), crossing fibers on CISS (e) and CE T1 (f ), nerve dislocation by basilar artery on CISS (g) and CE T1 (h).
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NVC within the REZ was observed in 23 (27%) affected 
nerves. In 44 (52%) subjects, NVC was detected on the 
non-affected side, including 16 (19%) instances within 
the REZ. NVC was detected bilaterally in 26 (31%) 
subjects.

Volumetric results

No differences were detected between datasets acquired 
at 1T and 1.5T with respect to pooled trigeminal nerve 
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Fig. 3. Volumes of affected trigeminal nerves in CTN. CTN, classic 
trigeminal neuralgia; aff, affected side; non, non-affected side.

Fig. 4. Volumes of affected trigeminal nerves in CTN by type of 
NVC. The type of NVC classified as n for none, u for u-shaped 
contact, p for parallel contact, x for crossing contact and 
d for dislocation. CTN, classic trigeminal neuralgia; NVC, 
neurovascular compression.

volume (p=0.52), affected trigeminal nerve volume 
(p=0.27) ,disease duration (p=0.42) and age (p=0.91). 
The two datasets were therefore pooled in volumetric 
analyses. Intra-rater agreement between two separate 
measurements was excellent (ICC=0.97) and the mean 
of these measurements was used in further tests. We 
detected lower group-wise trigeminal nerve volume in 
affected nerves versus non-affected nerves (p<0.001, 
affected mean 34.9 mm3±14.4 SD, non-affected mean 
41.9 mm3±17.7 SD; Figure 3). No dependence on 
disease duration (p=0.27) or patient age (p=0.46) in 
affected nerves was detected. Additionally, no differ-
ences were detected in affected volumes between the 
various types of NVC (F(4,79)=0.49, p=0.74; Figure 4), 
between REZ and non-REZ contact (p=0.65), number 
of branches affected (1 versus 2, P=0.08), nor between 
subjects with and without the presence of a trigger zone 
(p=0.65). No volumetric differences in affected nerves 
were observed between subjects that experienced com-
plete pain relief following GKS in comparison to other 
subjects (p=0.67) nor in those in which pain recurred 
(p=0.93), and no volumetric differences in affected 
nerves were observed between subjects with and with-
out hypesthesia (p=0.18).

DISCUSSION

In the present study, we evaluated clinical and MR 
imaging data in a large group of patients diagnosed 
with CTN that were referred to our institution for treat-
ment by GKS. Nearly all patients presented with 1 or 
2 branches affected in roughly equal proportion, while 
only 2 patients were affected in all 3 branches, and the 
majority of patients had a trigger zone. Following GKS, 
90% of patients reported excellent or good pain relief 
(groups I and II), while treatment failed in 10% (group 
IV). Pain recurred in 22% of patients, and 39% devel-
oped hypesthesia. 

NVC was detected on MR imaging in 71% of affected 
nerves, including 27% within the REZ. NVC was also 
detected in 52% of subjects on the non-affected side 
and in 31% bilaterally. This in agreement with previous 
studies (Haines et al. 1980; Magnaldi et al. 1992; Kress 
et al. 2006; Peker et al. 2009), suggesting that NVC may 
trigger CTN in susceptible subjects but is not a reliable 
disease marker. 

In the evaluation of trigeminal nerve volume on MR 
images, we detected lower trigeminal nerve volume 
on the affected side in comparison to the non-affected 
side (Figure 2). Lower trigeminal nerve volume in CTN 
has been reported previously and has been posited to 
represent atrophy due to NVC (Erbay et al. 2006; Kress 
et al. 2006; Ha et al. 2012). However, previous studies 
have not explored potential correlation between nerve 
volume and other covariates such as the presence and 
type of NVC, disease duration or patient age. Although 
we detected lower nerve volume on the affected side 
in agreement with previous reports (Erbay et al. 2006; 
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Kress et al. 2006; Ha et al. 2012), we did not observe 
any correlation with other covariates 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 classification (Figure 3) or the presence 
or absence or REZ contact. Additionally, no correlation 
was detected between affected trigeminal nerve volume 
and patient age, disease duration, successful treatment 
by GKS (pain relief, groups I and II) or the develop-
ment of hypesthesia. 

Histopathological studies in CTN have reported 
central demyelinization (Love et al. 1998; Marinkovic 
et al. 2009) as well as axonal changes (Marinkovic 
et al. 2009) in affected nerves. It is currently thought 
that CTN arrises in the presence of NVC due to pul-
satile compression of demyelinated fibers, resulting 
in aberrant, ephaptically transmitted impulses (Love 
& Coakham, 2001), and the successful treatment of 
CTN by microsurgical decompression (Sindou et al. 
2007) strongly supports the involvement of NVC in 
the pathogenesis. However, with regard to trigeminal 
nerve volume, our findings suggest that lower volume 
of affected nerves occurs independently of NVC. Lower 
trigeminal nerve volume is likely present prior to clini-
cal onset and predisposes an individual to the develop-
ment of CTN, rather than occurring as a consequence 
of NVC. This hypothesis is supported by the detection 
of NVC in non-affected nerves in the present study as 
well as in previous studies (Haines et al. 1980; Magn-
aldi et al. 1992; Kress et al. 2006; Peker et al. 2009) and 
also by the lack of correlation with disease duration 
and patient age at onset. We have no explanation for 
the lack of correlation between anatomical and clinical 
findings, including the results after GKS. 

In conclusion, we observed NCV in 71% of affected 
nerves and 52% of non-affected nerves in CTN, sug-
gesting that NVC may trigger CTN in susceptible sub-
jects but is not a reliable disease marker. No dependence 
of affected trigeminal nerve volume on demographic 
factors or clinical outcome was observed. Addition-
ally, no volume dependence on the presence or type 
of NVC was detected. Therefore, we recommend the 
term asymmetry be used to describe lower volume of 
affected trigeminal nerves in CTN, rather than atrophy.
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