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Abstract

Objective The aim of this study was to evaluate the
anatomy of the central myelin portion and the central
myelin-peripheral myelin transitional zone of the trigemi-
nal, facial, glossopharyngeal and vagus nerves from fresh
cadavers. The aim was also to investigate the relationship
between the length and volume of the central myelin
portion of these nerves with the incidences of the
corresponding cranial dysfunctional syndromes caused by
their compression to provide some more insights for a
better understanding of mechanisms.
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Methods The trigeminal, facial, glossopharyngeal and vagus
nerves from six fresh cadavers were examined. The length of
these nerves from the brainstem to the foramen that they exit
were measured. Longitudinal sections were stained and
photographed to make measurements. The diameters of the
nerves where they exit/enter from/to brainstem, the diameters
where the transitional zone begins, the distances to the most
distal part of transitional zone from brainstem and depths of
the transitional zones were measured. Most importantly, the
volume of the central myelin portion of the nerves was
calculated. Correlation between length and volume of the
central myelin portion of these nerves and the incidences of
the corresponding hyperactive dysfunctional syndromes as
reported in the literature were studied.
Results The distance of the most distal part of the
transitional zone from the brainstem was 4.19+0.81 mm
for the trigeminal nerve, 2.86+1.19 mm for the facial nerve,
1.51£0.39 mm for the glossopharyngeal nerve, and 1.63+
1.15 mm for the vagus nerve. The volume of central myelin
portion was 24.54+9.82 mm® in trigeminal nerve; 4.43+
2.55 mm’ in facial nerve; 1.55+1.08 mm?® in glossophar-
yngeal nerve; 2.56+1.32 mm® in vagus nerve.
Correlations (p<0.001) have been found between the
length or volume of central myelin portions of the
trigeminal, facial, glossopharyngeal and vagus nerves and
incidences of the corresponding diseases.
Conclusion At present it is rather well-established that
primary trigeminal neuralgia, hemifacial spasm and vago-
glossopharyngeal neuralgia have as one of the main causes
a vascular compression. The strong correlations found
between the lengths and volumes of the central myelin
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portions of the nerves and the incidences of the
corresponding diseases is a plea for the role played by this
anatomical region in the mechanism of these diseases.

Keywords Anatomy - Cranial nerves - Cranial nerve
vascular compression syndromes - Hemifacial spasm -
Trigeminal neuralgia - Vago-glossopharyngeal neuralgia

Introduction

Hyperactive dysfunctional syndromes affecting cranial nerves
were described centuries ago, and their pathophysiology has
been subject to much debate ever since. Causes and
mechanisms are likely to be various, probably multiple and
intricate in a majority of cases. However, the most popular
theory is that these diseases are likely to be caused—at least as
the main factor—by vascular compression at the root level [4,
6, 7, 10]. Indeed, over the past decades a number of
publications on imaging data, as well as on intra-operative
anatomical observations, have brought evidence that a
majority of so-called “primary” trigeminal neuralgias, hemi-
facial spasms and vago-glossopharyngeal neuralgias are
related to a vascular compression of the corresponding root.
An even larger number of reports on the valuable long-term
results of the microvascular decompression (MVD) proce-
dure on the trigeminal nerves, facial nerves and glossophar-
yngeal nerves and vagus nerves confirmed the validity of this
hypothesis for the correspondig diseases. On the other hand,
for vertigo and tinnitus, definitively convincing studies are
lacking, with still a need for defining clear-cut indications. As
regard to dysfunctional syndromes of the other cranial nerves,
they are not very common and literature data remain rare. For
these reasons, the present study was limited to consider only
trigeminal, facial and vago-glossopharyngeal nerves.
Following Jannetta’s observations [10, 12], most authors
dealing with MVD stressed on the fact that in a majority of
cases the vascular compression was found located where
the authors named the root entry/exit zone (REZ). Although
frequently used, first for spinal roots [21, 28, 41, 42], then
for cranial nerves [5, 12, 21, 30, 31], to our knowledge the
REZ has not received any official taxonomic definition, at
least for cranial nerves. Nevertheless, when dealing with
this term, it is generally concerned that the term includes
the transitional zone itself, the central portion of the root,
together with its subpial adjacent part at the brainstem. The
hypothesis is that this region as a whole harbours greater
anatomical-physiological “sensitiveness” [2, 6, 7, 10, 12, 18].
The purpose of the present work was first to provide
additional knowledge on structural anatomy (shapes,
dimensions and, above all, volumes) of the central myelin
portion and central myelin-peripheral myelin transitional
zone, of the trigeminal, facial, glossopharyngeal and vagus
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nerves. To our knowledge, this is the first reported
anatomical study measuring and comparing not only the
lengths (which had been done before) but also the volumes
of the central myelin portion of these cranial nerves, and to
relate these lengths and volumes with the incidences (as
reported in the literature) of the corresponding dysfunc-
tional syndromes caused by vascular compression.

Materials and methods
Anatomical study

All procedures were conducted at the Anatomy and
Pathology Departments of the University of Lyon I. Six
brains were obtained from three male and three female fresh
cadavers, whose ages were between 81 and 91 at the time
of death. All the cadavers were handled in less than 24
h after death and until that time they were put in the
refrigerator. None of the deaths were caused by neurolog-
ical diseases. Our findings were based on the examination
of ten trigeminal nerves, eight facial nerves, and seven
glossopharyngeal, eight vagus nerve rootlets. Also, ten
vestibulo-cochlear nerves were studied, but they were not
included in this study, as explained in the “Introduction”.

The calvaria was opened; the dura and brain were removed
down to the level of cerebral peduncles and oculomotor
nerves. The skull with attached brainstem and cranial nerves
was put into 4% formol for 21 days. After fixation, all nerves
were severed at their foramen and the spinal cord was cut at
the level of the foramen magnum. Then brainstem with
attached nerves was removed from the calvaria and arteries;
veins and arachnoid membrane were removed from the
brainstem without harming the nerves. The lengths of the
nerves from the brainstem to the exiting foramina were
measured. A tissue block consisting of the nerve and adjoining
brainstem was removed for each nerve. Each tissue block was
embedded in paraffin and serially and horizontally sectioned.
The thickness of sections was 6 um. The number of sections
was five for the trigeminal and vagus nerves, and three for the
facial and glossopharyngeal nerves. The distance between
sections was 50 um for the trigeminal nerve, and 10 pm for the
facial, glossopharyngeal and vagus nerves. The reason for
taking different sections was that we wanted the maximum
measurements of these nerves. If we had taken only one
section of each nerve, we would have missed the maximum
measurements of that nerve. Also, different sections were used
to calculate the volume of the central myelin portion of the
nerves. Each section was stained with hematoxylin phloxine
saffron and luxol fast blue. After staining, a photomicrograph
of each section was obtained with Leica DMB 108.

For each gross specimen, we measured the length of
the nerve from the brainstem (pons or medulla) to the
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foramen that the nerve exits, designated as L. In each
photomicrograph, we measured four distances, designated
A, B, F and f (Fig. 1). On each photomicrograph, (1) the
point where the nerve met the brainstem on the medial
edge of the nerve was located, and a line was drawn from
that point to the corresponding point on the lateral edge
making segment A4, (2) the point where the central myelin
met the peripheral myelin on the medial edge of the nerve
was located, and a line was drawn from that point to the
corresponding point on the lateral edge making segment
B, (3) from the middle of the 4 line, a line was drawn to
the tip of the arc-shaped transitional zone, making segment
F, (4) a perpendicular line was drawn from the B line to the
tip of the arch-shaped transitional zone, making segment f-
Also, the volume of the central myelin portion of each nerve
was calculated by using A4, B, F and f of that nerve for
volume determination. For each specimen, the length of
central myelin from brainstem to the tip of transitional zone
was calculated relative to the length of the nerve from
brainstem to foramen that the nerve exits (#/L) and the depth
of transitional zone was calculated relatively to the maxi-
mum length of central myelin (f/F).

The trigeminal and facial nerves exit from the brainstem
as single entities. The glossopharyngeal and vagus nerves,
on the other hand, exit fom the brainstem as rootlets (three
to five for the glossopharyngeal nerve, seven to ten for the
vagus nerve); these rootlets later unite to form the
glossopharyngeal and vagus nerves, which receive the
common perineurium derived from the arachnoid. We

g

-

chose well-preserved and stained rootlets to make measure-
ments for the glossopharyngeal and vagus nerves. The
volumes of the central myelin portion of glossopharyngeal
and vagus nerves were found by multiplying the volume of
central myelin portion of one rootlet with the number of
rootlets.

In this study, distances and volumes were expressed as
the mean values+standard deviations. To correct for
shrinkage of nerve tissue during fixation and embedding,
we utilised oculomotor nerves as control nerves. We
measured each oculomotor nerve before fixation and after
fixation, and calculated the percentage of shrinkage of this
nerve. We then substituted the percentage of shrinkage of
the oculomotor nerve for all other nerves.

Comparison between anatomical features of cranial nerves
V, VII and IX-X

Comparisons between the L, 4, B, F, fand V values of cranial
nerves V, VII and IX-X were made. Also, comparisons
between the F/L and f/F ratios for these cranial nerves were
made. They are presented in Table 1 (Fig. 2).

Correlations of anatomical features of cranial nerves V, VII
and IX-X with incidences of the corresponding vascular
compression syndromes

To give insights to the pathophysiological debate on
mechanisms of the cranial nerve hyperactive dysfunctional

——

Fig. 1 Drawing demonstrating 4, B, F' and f. The point where the
nerve met the brainstem on the medial edge of the nerve was located,
and a line was drawn from that point to the corresponding point on the
lateral edge, making segment A. The point where the central myelin
met the peripheral myelin on the medial edge of the nerve was located,

and a line was drawn from that point to the corresponding point on the
lateral edge, making segment B. From the middle of the 4 line, a line
was drawn to the tip of arc shaped transitional zone making segment
F. A perpendicular line was drawn from the B line to the the tip arch-
shaped transitional zone, making segment f
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Table 1 All the mean values and standard deviations of measurements of the trigemial, facial, glossopharyngeal and vagus nerves

Nerve L A B F f FIL fIF Vv

Trigeminal nerve  13.11£1.12 mm  3.11+£0.83 mm  3.08£0.39 mm 4.19£0.81 mm 1.53+0.45 mm 36.61+10.38% 31.42+4.86%  24.54+9.82 mm’

Facial nerve 17.93£2.29 mm  1.60£0.66 mm 1.42+0.41 mm 2.86+1.19 mm 1.03£0.55 mm 15.33+821%  38.79+10.14% 4.43+2.55 mm’

Glossopharyngeal 16.36+2.53 mm  0.93£0.17 mm 0.78+0.26 mm 1.51+0.39 mm 0.36+£0.08 mm 9.38+3.27% 25.34+7.45%  1.55+1.08 mm®
nerve

Vagus nerve 13424242 mm  0.90+0.19 mm 0.73£0.15 mm 1.63+1.15 mm 042022 mm 11.86+8.65%  30.48+12.36% 2.66+1.72 mm®

syndromes, we correlated length and volume of the central
myelin portion of the trigeminal, facial, glossopharyngeal
and vagus nerves with the respective incidences of primary
trigeminal neuralgia, hemifacial spasm and vago-
glossopharyngeal neuralgia. For the source of incidences
of these syndromes, we chose what we thought the most

Fig. 2 Photomicrographs of
longitudinal sections of trigemi-
nal and facial nerve roots, and
glossopharyngeal and vagus
nerve rootlets. To establish
comparison, all the nerve roots
and rootlets were magnified at
the same scale. All the nerve
roots and rootlets were stained
with luxol fast blue staining.
The length of the central myelin
portion (L) and a line drawn
from the point where the nerve
met the brainstem on the medial
edge of the nerve to a
corresponding point on the lat-
eral edge (4) were marked to
easily understand the anatomy

NERVE

TRIGEMINAL
NERVE

FACIAL
NERVE

GLOSSOPHARYNGEAL
NERVE

VAGUS
NERVE
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classical-—namely, the most frequently quoted incidences in
the literature. Incidence for trigeminal neuralgia was 4.3
new cases per 100,000 persons per year [14]. Incidence of
hemifacial spasm was 0.74 and 0.81 for 100,000 persons
per year for men and women, respectively, 0.77 on average
[1]. The incidence of vago-glossopharyngeal neuralgia was

mm
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one case for every 70 cases of trigeminal neuralgia [40],
0.062 per 100,000 persons per year. For a statistical
correlation, Pearson product-moment correlation coefficient
(typically denoted by r) was used as a measure of the
strength of the linear dependence between length/volume of
the central myelin portion of cranial nerves and diseases
caused by their compression.

Results
Measurements
Trigeminal nerve

The lengths of ten trigeminal nerves from the pons to
Meckel’s cave were between 11.9 and 15.2 mm (L: 13.11+
1.12 mm). A for the trigeminal nerve was between 2.02 and
443 mm (4: 3.11£0.83 mm), B was between 2.26 and
3.67 mm (B: 3.084£0.39 mm), F was between 3.24 and
5.65 mm (F: 4.19+£0.81 mm) and f was between 0.89 and
2.38 mm (f: 1.53+0.45 mm). F calculated relative to L was
between 22.2% and 51.8% (F/L: 36.61+10.38%) and f
calculated relative to ' was between 24.6% and 39.7% (f/F:
31.42+4.86%).

The volume of the central myelin portion for trigeminal
nerve was between 10.11 and 38.82 mm® (24.54+
9.82 mm®).

Facial nerve

The lengths of eight facial nerves from the pontomedullary
junction to the internal auditory meatus were between 14.8
and 20.9 mm (L: 17.93£2.29 mm). 4 for the facial nerve
was between 0.87 and 3.11 mm (4: 1.60+£0.66 mm), B was
between 1.01 and 2.34 mm (B: 1.42+0,41 mm), F was
between 1.18 and 5.93 mm (F: 2.86+1.19 mm) and f was
between 0.46 and 1.82 mm (f; 1.03£0.55 mm). F calculated
relative to L was between 8.1% and 30.6% (F/L: 15.33+
8.21%) and f calculated relative to /' was between 20.4%
and 57.8% (f7F: 38.79+10.14%)).

The volume of central myelin portion of the facial nerve
was between 1.49 and 8.85 mm® (4.43+2.55 mm?).

Glossopharyngeal nerve

The lengths of seven glossopharyngeal nerve rootlets
from the medulla oblongata to the jugular foramen were
between 14.2 and 19.9 mm (L: 16.36%+2.53 mm). A4 for
the glossopharyngeal nerve was between 0.62 and
1.11 mm (4: 0.93+0.17 mm), B was between 0.39 and
1.10 mm (B: 0.78+0.26 mm), F was between 0.97 and
2.09 mm (F: 1.51+0.39 mm) and f was between 0.25 and

0.44 mm (f: 0.36+£0.08 mm) (Fig. 1). F calculated relative
to L was between 4.8% and 13.3% (F/L: 9.38+3.27%) and
[calculated relative to /" was between 13.7% and 35.4% (f/
F: 25.34+7.45%).

The volume of central myelin portion for glossophar-
yngeal nerve formed by four rootlets on average was
between 0.6 and 3.26 mm® (1.55+1.08 mm?>).

Vagus nerve

The lengths of eight vagus nerve rootlets from the medulla
oblongata to the jugular foramen were between 13.9 and
20.6 mm (L: 13.42+2.42 mm). A for the vagus nerve was
between 0.62 and 1.16 mm (4: 0.90+0.19 mm), B was
between 0.50 and 0.86 mm (B: 0.73+£0.15 mm), F was
between 0.45 and 4.22 mm (F: 1.63+1.15 mm) and f was
between 0.22 and 0.82 mm (f: 0.42+0.22 mm). F calculated
relative to L was between 3.9% and 27.7% (F/L: 11.86+
8.65%), and f calculated relative to F' was between 17.8%
and 49.6% (f/F: 30.48+12.36%).

The volume of the central myelin portion for the vagus
nerve formed by eight rootlets on average was between
0.56 and 4.89 mm® (2.56+1.32 mm®).

Comparisons of anatomical features of cranial nerves V, VII
and IX-X

The facial nerve in the cerebellopontine angle cistern was
the longest, L: 17.93+2.29 mm; the trigeminal nerve was
the shortest, L: 13.11+1.12 mm.

The distance of the most distal part of the transitional
zone from brainstem was longest in the trigeminal nerve, F:
4.194+0.81 mm, shortest in the glossopharyngeal nerve, F:
1.51+£0.39 mm (Fig. 3).

The depth of the transitional zone was greatest in the
trigeminal nerve, fi 1.5340.45 mm, and least in the
glossopharyngeal nerve, f; 0.36+0.08 mm.

The proportion of the central myelin to length of the nerve
was highest in the trigeminal nerve, F/L: 36.61+10.38%,
lowest in the glossopharyngeal nerve, F/L: 9.38+3.27%. The
proportion of depth of transitional zone to length of the
central myelin was largest in the facial nerve, f/F: 38.79+
10.14%, smallest in the vagus nerve, 30.48+12.36%.

The trigeminal nerve was the widest of these nerves at
exit/entry from/to brainstem, 4: 3.11£0.83 mm; the vagus
nerve was the narrowest, 4: 0.90+0.19 mm. Where the
transitional zone began, the trigeminal nerve was also the
widest, B: 3.08+0.39 mm; the glossopharygeal nerve was
also the narrowest, B: 0.68+0.26 mm (Fig. 4).

The volume of the central myelin portion was biggest in
the trigeminal nerve with a volume of 24.54+9.82 mm?;
and smallest in the glossopharyngeal nerve with a volume
of 1.55+1.08 mm?) .
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Fig. 3 The mean values of the
lengths of intracranial portions
(L) and the lengths of central
myelin portions (CMP) of tri-
geminal, facial, glossopharyng-
eal and vagus nerves

FACIAL NERVE

GLOSSOPHARYNGEAL NERVE

VAGUS NERVE

NERVE

TRIGEMINAL NERVE

FACIAL NERVE

GLOSSOPHARYNGEAL NERVE
ROOTLET

VAGUS NERVE
ROOTLET

T T T 1
0 2 4 6 8 10

Length (mm)
Fig. 4 Comparisons of drawings of central myelin portions of
trigeminal, facial, glossopharyngeal and vagus nerves. The shapes

were obtained from the mean values of the diameters and lengths of
these nerves
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Correlations of anatomical features with incidences
of corresponding vascular compression syndromes

A very strong correlation was found between the lengths of the
central myelin portion of these nerves and the incidences of
“primary” dysfunctional syndromes ( +0.796, p<0.001).
Also, a very strong correlation was found between
volumes of the central myelin portion of these nerves
and the incidences of “primary” dysfunctional syn-
dromes (r +0.894, p<0.001) (Fig. 5).

Discussion

The present report was limited to consider the trigeminal,
facial and vago-glossopharyngeal nerves only, and the
correlations between their anatomical features and respective
incidences of their corresponding hyperactive dysfunctional
syndromes, for the following reasons. Primary trigeminal
neuralgia, hemifacial spasm, vago-glossopharyngeal neural-
gia are relatively well-defined syndromes from a clinical
standpoint [3, 4, 7, 15]. A large number of literature reports
on the long-term curative effect of MVD (reviewed in [33—
37]) have brought strong evidence that in a majority of cases,
vascular compression is the main factor of the disease. This
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Fig. 5 a The mean values of the
lengths of the central myelin
portions of the trigeminal (7N),

NERVE

facial (FN), glossopharyngeal ™
(GPN) and vagus (V'N) nerves. b
The mean values of volumes of FN
central myelin portions of tri- GPN
geminal (7N), facial (FN),
glossopharyngeal (GPN) and VN
vagus (VN) nerves. ¢ The inci-
dences of hyperactive cranial
dysfunctional syndromes 9 = L;n g?h (%1;10)
NERVE b
TN 24.54 mm?
FN
GPN 1.55 mm®
VN 2.66 mm’
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HEMIFACIAL SPASM 0.77
GLOSSOPHARYNGEAL M 0.062
NEURALGIA
T T T T 1
0 1 2 3 4 5

does not hold true for tinnitus and vertigo; there is no such a
clear-cut evidence that vascular compression of the vestibu-
locochlear nerve is the most frequent responsible factor [9,
19, 20, 44]. Ocular motor synkinesis, third nerve palsy with
cyclic spasms, superior oblique myokymia and ocular
neuromyotonia are very rarely observed diseases [16, 17,
26, 27].

Publications evaluating the anatomy of the central
myelin portion and central myelin-peripheral myelin tran-
sitional zone of cranial nerves, date back around century
ago. Obersteiner and Redlich [21] stated that there was a
transitional zone between the peripheral nervous system
and the central nervous system in the brain and the spinal
cord. In the peripheral portion , myelin sheaths are
produced by Schwann cells and the supporting tissues
include fibroblasts, collagen fibrils and root sheath cells. In
the central portion, myelin sheaths are produced by
oligodendrocytes and nerve fibres are partly separated from
one another by astrocytes [21, 41]. Skinner [38] measured
the length of the central myelin portion of all cranial nerves
and observed a dome shape of the central myelin-peripheral
myelin transitional zone; he stated that the central myelin

Incidence ( /100.000)

portion was longer in sensory nerves than in motor nerves.
Tarlov [41, 42] stated that the central glial segment of a
nerve presented essentially the structure of a fibre tract of
the brain, its peripheral segment corresponding to a
peripheral nerve. In a “stimulating” paper on the epidemi-
ological plane, De Ridder et al. [5] considered positively
the correlation between the length of central nervous
system segment, which differed among cranial nerves, and
the incidence of the corresponding vascular compression
syndromes. Tomii et al. [43] defined the exact borders of
the root exit zone of the facial nerve and measured the
distribution of myelin histologically. Peker et al. [23]
showed that central myelin occupied only the initial one-
fourth of the trigeminal nerve length. More recently we
carried out anatomical (structural) studies of cranial nerves
(V, VII, VII, IX, X) in cadavers [8], for enlarging our
surgical anatomical background and better understanding
cranial nerve vascular compression syndromes that we have
to deal with frequently [36].

To our knowledge, REZ region did not receive formal
definition for cranial nerves. However, for most surgeons
dealing with MVD surgery, including us, the term involves
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the transitional zone, the central myelin portion of the root
and the adjacent surface of brainstem where root fibres
have subpial paths on their way from or to their respective
nuclei (Fig. 6). Whatever the definition might be, it is
classically agreed that cranial nerve vascular compression
syndromes have their conflicting vessel(s) situated at that
REZ region considered—on the whole—as harbouring
anatomical-physiological sensitiveness and excitability [4,
6,7, 10, 12, 18].

As an illustration from personal series, of the 117
patients who underwent MVD for hemifacial spasm, and
that we assessed in 2005 for evaluating outcome, 96% had
the vascular compression at the REZ [32, 37]. Of the 23
patients with vago-glossopharyngeal neuralgia, and that we
assessed in 2008, 95% had their compression at the REZ
[35]. Regarding the patients with trigeminal neuralgia, the
percentage of neurovascular conflict at the REZ itself was
not as important. In a consecutive series of 579 patients in
whom surgery was perfomed for MVD, no obvious
vascular conflict was found in 19 cases (3.3%). In the
remaining 560 cases (96.7%), one or several vessel(s) could
be identified. Location of the vascular compressions were
in the trigeminal REZ in 52.3% of the patients, in the
cisternal mid third of the root in 54.3%, and at exit of the
root from Meckel’s cave in 9.8% [30, 31].

A puzzling problem is why some hyperactive dysfunc-
tional syndromes are more frequent than others. This
question has previously been adressed by de Ridder et al.
[5], who—on literature data—suggested that incidences
were in accordance with lengths of the central myelin
portion of the respective cranial nerves. The study included
also the vestibulo-cochlear nerve. The authors concluded
that a positive correlation existed between the high
incidence of Meniere disease (15.3 per 100,000 persons)
and the length of the central myelin portion of the
vestibulo-cochlear nerve, considering that approximately
one-third to one-half of the patients with Meniere disease
could be of vascular compression origin [24]. From a
personal anatomical study on the vestibulo-coclear nerves
[8], we found a similar proportionality on ten vestibulo-
cochlear nerves, the mean length of central myelin portion
was 10.21+2.52 mm, and the mean volume of central
myelin portion was 31.38+£15.93 mm®. For the present
report, we excluded the vestibulo-cochlear nerve from the
correlation calculation; if some syndromes can be related to
a vascular compression [9, 11, 13, 44], it is widely
estimated that a large number of tinnitus and vertigo cases
are actually secondary to a variety of pathologies, the
majority of them not being vascular compression of the
root. Contrarily, there is a solid consensus to consider that
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most of the so-called “primary” trigeminal neuralgias,
vago-glossopharyngeal neuralgias, and hemifacial spasms
are linked to a vascular compression.

Therefore, for the present report, we retained only
trigeminal, facial, glossopharyngeal and vagus nerves.
Trigeminal neuralgia is the commonest of the neurovascular
compression syndromes; its incidence can be estimated at
4.3 per 100,000 persons per year [14]. Skinner [38] stated
that the trigeminal nerve had a considerably long central
myelin portion. According to our measurements, the length
of central myelin of the trigeminal nerve is 4.19+0.81 mm.
It has the largest diameter (4: 3.11£0.83 mm, B: 3.08+
0.39 mm) and the biggest volume of central myelin portion
(volume: 24.54+9.82 mm?). These relatively large dimen-
sions may give a large surface and a big volume for vessels
to exert compression; this might be a reason for the high
incidence of trigeminal neuralgia, compared with other
cranial dysfunctional syndromes. Compressing vessels are
mostly found at the REZ, but they can also be seen
anywhere along the root [30, 31]. In the cases with the
neurovascular conflict at the REZ, the compression was
generally exerted directly by a loop of a neigbouring
elongated superior cerebellar artery coming from above or
by the anterior inferior cerebellar artery coming from
below. For neurovascular conflicts in the mid portion of
the root, generally a superior cerebellar artery pushing
down the root, the mechanism could be stretching exerted
on the REZ [30, 31]. In the cases with the neurovascular
conflict at the porus of Meckel’s cave, the compressive
vessel was most often the inferior transverse pontine vein
making a pronounced groove on the inferior surface of the
root after its exit from Meckel’s cave. In addition to the
vascular compression, other anatomical factors can be
observed; sometimes the nerve is squeezed between the
pons and the petrous bone, due to the small size of the
posterior fossa, with cross-compressing veins engrooving
the surface of the nerve. Additionally, other abnormalities
may play a role, especially global atrophy of the root, also
focal arachnoid thickening, and also a ribbon-shaped and
stretched, angulated, root on crossing over the petrous
ridge. In most of these cases, one can observe a segmental
grayish demyelination of the root under the compressive
vessel [30, 31].

The incidence of hemifacial spasm can be estimated at
0.74 per 100,000 men and 0.81 per 100,000 women [1].
Skinner [38] stated that the facial nerve had the longest
central myelin portion compared with the other cranial
motor nerves. Our data (F: 2.86+1.19 mm) are similar to
his findings (F: 2.5 mm). We found the volume of the
central myelin portion to be 4.43+2.55 mm®. In more than
96% of hemifacial spasm cases, vascular structures com-
press the REZ; in the remaining few cases, the distal part of
the facial nerve is compressed. For hemifacial spasm also,

anatomical factors other than neurovascular conflict may
play roles as causative factors, especially thickening of the
arachnoid membranes or hypertrophic choroid plexus or
voluminous flocculonodular lobe. Nervus intermedius is a
tiny part of the facial nerve; vascular compression of this
nerve may cause geniculate neuralgia; but this is a very
infrequent disease [25].

Vago-glossopharyngeal neuralgia is rare with one case
for every 70 cases of trigeminal neuralgia [40]. We would
like to stress that glossopharyngeal neuralgia is mostly in
fact vago-glossopharyngeal neuralgia, as the sensory
rootlets of the vagus nerve are frequently implicated at the
same time as the glossopharyngeal nerve [3, 22, 28, 29, 35,
39]. Central myelin portions of glossopharyngeal and vagus
nerves are very short: glossopharyngeal nerve: F: 1.51+
0.39 mm, vagus nerve: F: 1.63+1.15 mm. The volumes of
the central myelin portions of the glossopharyngeal and
vagus nerves are 1.55+1.08 mm’ and 2.56+1.32 mm?,
respectively.

The central myelin portions of these nerves are shorter
than the central myelin portion of the trigeminal and facial
nerves, and also the volumes of the central myelin portion
are smaller. De Ridder et al. [5] also stated that the low
incidence of glossopharyngeal neuralgia was likely related
to the short length of central myelin portion of these nerves.

Conclusion

The trigeminal nerve is the biggest nerve with regards to
the length and volume of the central myelin portion; its
dysfunction, which causes trigeminal neuralgia, is the most
frequently recognized hyperactive dysfunctional syndrome,
with an incidence of 4.3 per 100,000 persons per year. The
large volume of the central myelin portion and comparably
long central myelin portion of the trigeminal nerve may
offer a bigger area for vascular compression. The facial
nerve is the sole motor cranial nerve frequently causing a
dysfunctional syndrome with an incidence of 0.77 per
100,000 persons per year; its central myelin portion is the
longer and the volume of the central myelin portion is the
bigger of the motor nerves. Short length and small volume
of central myelin portion of glossopharyngeal and vagus
nerves might explain the low incidence of vago-
glossopharyngeal neuralgia with an incidence of 0.062 per
100,000 persons per year. Although not probably the sole
implicated group of factors, our study shows a positive
correlation (»p<0.001) between the length and volume of the
central myelin portion of the nerves and the incidences of
their corresponding hyperactive dysfunctional syndromes.
Much further studies are needed to understand better the
complex mechanisms and the high differences in incidences
of these syndromes.
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