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Background: The microanatomy of the central myelin portion and transitional
zone of several cranial nerves including trigeminal, facial, vestibulocochlear,
glossopharyngeal, and vagus nerves have been clearly demonstrated to provide
information for neurovascular compression syndrome such as trigeminal neuralgia
and hemifacial spasm. However, the study of oculomotor and abducens nerve
is limited.

Materials and methods: Oculomotor and abducens nerves were harvested with
a portion of brainstem and embedded in paraffin. Longitudinal and serial sections
from ten of each cranial nerve were stained and a photomicrograph was taken
to make the following observations and measurements: 1) patterns of central
myelin portion, 2) length of central myelin portion, and 3) depth of central my-
elin-peripheral myelin transitional zone.

Results: For oculomotor nerve, the longest central myelin bundle was always
seen on the first nerve bundle and that the length of central myelin decreased
gradually. For abducens nerve, morphological patterns were classified into four
types based on number of nerve rootlets emerging from the brainstem and number
of nerve bundles in each rootlet. Length of central myelin portion was between
0.36-6.170 mm (2.75 = 0.83 mm) and 0.13-5.01 mm (1.66 = 1.39 mm) for
oculomotor and abducens nerves, respectively. The oculomotor nerve transitional
zone depth was 0.07-058 mm (0.23 = 0.07 mm), while for abducens nerve,
depth was 0.05-0.40 mm (0.16 + 0.07 mm). Positive weak correlations between
central myelin and depth of TZ were found in oculomotor nerve (r +0.310,
p < 0.05) and abducens nerves (r +0.413, p < 0.05).

Conclusions: Detailed microanatomy of the central myelin and transitional zone
might be beneficial for locating the site of compression in neurovascular conflicts
at oculomotor and abducens nerves. (Folia Morphol 2023; 82, 3: 543-550)
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INTRODUCTION

Neurovascular compression syndrome is described
as direct contact with mechanical irritation of cranial
nerves by blood vessels [11]. Compression at the oc-
ulomotor and abducens nerves have been reported
as a cause of ocular neuromyotonia (ONM) [10, 26,
28] and abducens nerve palsy (CN VI palsy) [2, 6, 7,
12, 13, 15, 16, 18, 19, 21, 30]. ONM is character-
ised by intermittent, tonic spasms of one or more
extraocular muscles. Clinical presentations are stra-
bismus and transient diplopia [23]. Its mechanism
is unknown but it has been proposed to be related
to neurovascular compression [10, 26, 28]. CN VI
palsy is the most common ocular motor paralysis
and presents with diplopia. It usually results from
neoplasm, trauma, and microvascular ischaemia. It is
very rare if vascular compression is considered as the
cause [4]. Site of compression is reported variously
for both diseases. A cranial nerve consists of central
nervous system (CNS) and peripheral nervous system
(PNS) segment connected by transitional zone (TZ)
[24]. Glial cells in the CNS project distally making
a well-defined dome-shaped TZ [22]. The PNS seg-
ment has been demonstrated to be more resistance to
compression than CNS segment. The TZ is vulnerable
since this junction contains both myelin sheaths in
the central part produced by oligodendrocytes, and
myelin sheaths in peripheral part which are produced
by Schwann cells [3]. The difference in the origin of
central and peripheral myelin explains the difference
in molecular components which contributes to struc-
tural differences [1, 14]. The length of central glial
segments vary between nerves and differs between
each rootlet of the same nerve [25]. The microanat-
omy of the central myelin portion and TZ of several
cranial nerves including trigeminal, facial, vestibulo-
cochlear, glossopharyngeal, and vagus nerves have
been clearly demonstrated [8, 9, 17, 20, 27]. However,
there were only two previous studies reporting the
central myelin portion of oculomotor and abducens
nerves [22, 25]. Thus, more microanatomical knowl-
edge of oculomotor nerve and abducens nerve is
needed. This study aimed to determine the pattern
of central myelin portion, length of central myelin,
depth of TZ, and correlation between depth of TZ
and length of central myelin of each nerve bundle.

MATERIALS AND METHODS

Twenty-nine oculomotor nerves and 53 abducens
nerves were removed with a portion of brainstem
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attached from 46 embalmed cadaver brains. The
specimens were further fixed in 10% neutral buffered
formalin for 24 hours and embedded in paraffin. Each
tissue block was longitudinally and serially sectioned
into 5 um thick sections. Only 10 specimens of each
cranial nerve were included, the rest were excluded
due to poor fixation and detachment of the cranial
nerve from the brainstem. First section started where
the nerve appeared and last section ended where the
whole nerve disappeared. Sections with the nerve still
connected to the brainstem were chosen under a light
microscope for further staining with luxol fast blue
for differentiation of central and peripheral myelin
portions. Counterstain with haematoxylin and eosin
was performed for better demonstration. Three to
six sections with maximum extension of the central
myelin from each nerve were chosen under a light
microscope for measurement. Axiocam 506 colour
microscope camera (Carl Zeiss, Jena, Germany) with
a 5X microscope objective lens was used to take
a photomicrograph via ZEN 3.3 (blue edition) and
IMAGE-PRO plus programme version 6.0 was used
for measurement. Patterns of central myelin portion,
central myelin length, and depth of TZ were deter-
mined. This study was approved by the Faculty of
Medicine, Chulalongkorn University IRB committee
(IRB no. 712/64).

Determination of the length of central
myelin portion (F) and depth of central
myelin-peripheral myelin TZ (f) (Fig. 1)

On each photomicrograph (Fig. 1), 1) line A was
drawn between the junction where nerve met the
brainstem, 2) line F was drawn from the tip of the
arch-shaped transitional zone continuing at the mid-
dle of the nerve bundles to line A, 3) line B was drawn
between the junction where the central myelin met
the peripheral myelin, 4) line f was drawn from the
middle of line B to the tip of the arch-shaped TZ. In
addition, the longest central myelin portion of each
nerve was depicted. All measurements were executed
3 times by a single investigator to minimize intra- and
inter-observer error.

Statistical analysis

Collected data were analysed with IBM SPSS ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). All distances
were presented in mean and standard deviation.
Pearson correlation coefficient, Spearman’s rank cor-
relation coefficient and scatter plot were used to de-
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Figure 1. A. Photomicrograph of the oculomotor nerve stained with luxol fast blue demonstrates the longest central myelin seen at the first
nerve bundle (black arrow) and then gradually decreased in length; B. Drawing demonstrating: A — a line drawn between junction where nerve
met the brainstem; B — a line drawn between junction where central myelin met the peripheral myelin; F — length of central myelin of nerve
bundle; f — depth of the transitional zone of the nerve bundle; TZ — transitional zone; 1, 2, 3, 4, 5, 6, 7 — order of the nerve bundle counted

from the brainstem.

termine a correlation between depth of TZ and length
of central myelin of each bundle. The significance level
was set at a p-value of less than 0.05. Intra-observer
reliability of each parameter was calculated.

RESULTS

Patterns of central myelin portion

Oculomotor nerve. The intramedullary rootlets of
the oculomotor nerve united to form a single nerve
trunk that emerged from the ventral surface of mid-
brain. The extension of central myelin length differs
between nerve bundles. We observed that the longest
central myelin bundle was always seen on the first
nerve bundle and that the length of central myelin
decreased gradually (Fig. 1). Number of nerve bundles
in each observed section was between 5 to 7 (Table 1).

Abducens nerve. The intramedullary rootlets of
abducens nerve emerged from the ventral surface
of the pontomedullary junction separately as one
to three nerve rootlets. The one with two or three
nerve rootlets united to form a single nerve trunk. The
number of nerve bundles in each observed section
was 1, 3,4, and 5 (Table 2). The longest central myelin
nerve bundle was found between the first to the third

545

nerve bundle with a prevalence of 30%, 30%, and
40%, respectively. Based on number of nerve rootlets
emerging from the brainstem and number of nerve
bundles in each rootlet, we classified morphologies
of abducens nerve into four types (Fig. 2) — type A:
single nerve rootlet with one nerve bundle, type B:
single nerve rootlet with more than one nerve bundle,
type C: more than one nerve rootlet with one nerve
bundle in each nerve rootlet, and type D: more than
one nerve rootlet with the most caudal nerve rootlet
having more than one nerve bundle.

Lengths of central myelin portion (F)
and the longest central myelin portion (F*)
Oculomotor nerve. The mean length of central
myelin portion (F) measured from the nerve bundles in
each nerve was 2.75 = 0.83 mm (Table 1). When the
whole nerve was considered, 80% of oculomotor nerves
had a mean F of more than 2.00 mm for each nerve
(Table 1, Fig. 3A). The mean longest central myelin por-
tion (F*) of each nerve was 4.29 = 1.26 mm (Table 1).
Abducens nerve. The mean Fwas 1.66 = 1.39 mm
(Table 2). When the whole nerve was considered,
types A and B tended to have a longer segment of F
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Table 1. All measurements of oculomotor nerves

Oculomotor nerve No. of nerve bundles F* [mm] F [mm] f [mm]
Nerve 1 5 3.01 2.23 =0.75(1.28-3.01) 0.16 = 0.03(0.13-0.20)
Nerve 2 6 3.22 2.24 + 1.06 (0.64-3.22) 0.14 = 0.04 (0.11-0.21)
Nerve 3 7 2.76 1.57 = 0.97 (0.51-2.76) 0.19 + 0.04(0.13-0.23)
Nerve 4 1 511 3.33 £1.05(2.14-5.11) 0.18 = 0.06 (0.09-0.26)
Nerve 5 5 3.37 1.95 = 0.96 (1.18-3.37) 0.34 = 0.17 (0.19-0.58)
Nerve 6 6 6.10 3.99 + 1.59 (2.12-6.10) 0.33 £ 0.11(0.24-0.53)
Nerve 7 1 3.76 2.67 = 0.91(1.54-3.76) 0.27 = 0.05(0.20-0.32)
Nerve 8 6 5.21 3.78 £ 1.07 (2.33-5.21) 0.24 = 0.13(0.11-0.43)
Nerve 9 7 4.28 2.34 + 1.57(0.36-4.28) 0.20 + 0.07 (0.09-0.28)
Nerve 10 1 6.10 3.44 = 1.60(1.92-6.10) 0.25 = 0.14 (0.07-0.50
Mean = SD (range) 429 +1.26(2.76-6.10)  2.75 + 0.83(0.36-6.10) 0.23 + 0.07 (0.07-0.58)
Shrinkage correction (range) 3.31-1.32 0.08-0.70

F — length of central myelin; F* — longest central myelin; f — depth of transitional zone; SD — standard deviation

Table 2. All measurements of abducens nerves
Abducens nerve No. of nerve Morphological F* [mm] F [mm] f [mm]

bundles pattern

Nerve 1 1 A 2.00 2.00 0.14
Nerve 2 3 B 2.29 2.26 + 0.03 (2.23-2.29) 0.21 + 0.02 (0.20-0.24)
Nerve 3 3 B 5.01 4.76 = 0.28 (4.46-5.01) 0.23 = 0.02 (0.22-0.24)
Nerve 4 3 C 0.53 0.36 = 0.21(0.13-0.53) 0.13 £ 0.13(0.05-0.27)
Nerve 5 5 B 3.01 2.80 + 0.28 (2.31-3.01) 0.10 + 0.05 (0.06-0.17)
Nerve 6 3 C 1.00 0.63 = 0.33(0.37-1.00) 0.17 = 0.03 (0.15-0.20)
Nerve 7 4 D 1.73 0.35 £ 0.32(1.03-1.73) 0.15 = 0.06 (0.08-0.22)
Nerve 8 4 D 0.86 0.62 + 0.23 (0.37-0.86) 0.10 + 0.02 (0.08-0.13)
Nerve 9 3 B 2.03 1.56 = 0.68 (0.79-2.03) 0.30 = 0.10(0.23-0.41)
Nerve 10 3 C 0.28 0.21 = 0.06 (0.16-0.28) 0.07 = 0.01(0.06-0.07)
Mean = SD (range) 1.88 = 1.40(0.28-5.01)  1.66 = 1.39(0.13-5.01) 0.16 + 0.07 (0.05-0.40)
Shrinkage correction (range) 0.34-6.01 0.06-0.48

F — length of central myelin; F* — longest central myelin; f — depth of transitional zone; SD — standard deviation

than type Cand D (Table 2, Fig. 3B). The mean longest
central myelin portion (F*) of each nerve was 1.88 +
+ 1.40 mm (Table 2).

Depths of central myelin-peripheral myelin TZ (f)

The mean depth of TZ (f) of oculomotor nerve was
0.23 = 0.07 mm (Table 1). For abducens nerve, mean
fwas 0.16 = 0.07 mm (Table 2).

Correlation between depth of TZ and
length of central myelin

We found a positive weak correlation between
f and F in oculomotor nerve by Pearson’s correla-
tion coefficient (r +0.310, p < 0.05). While using
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Spearman’s rank correlation coefficient, we found
a positive weak correlation between f and F of each
nerve bundle in abducens nerves (r +0.413, p < 0.05;
Fig. 4).

Intra-observer intraclass correlation coefficient
was 0.996 (0.992-1.000) for oculomotor nerve meas-
urement and 0.998 (0.995-1.000) for abducens nerve
measurement. The least intra-observer intraclass cor-
relation coefficient among all parameters was 0.992.

DISCUSSION
The morphological pattern and number of nerve
bundles of oculomotor and abducens nerves has
never been described before. For oculomotor nerve,



W. Quanchareonsap et al., Central myelin and TZ of CN 111, VI

Figure 2. A. Schematic diagram demonstrates types of abducens nerve; B. Photomicrographs of abducens nerves stained with luxol fast blue
demonstrate types of abducens nerve corresponding to the schematic diagram; A, B, C and D are types of abducens nerve; NR, NR,, NR, —
the first, second, and third nerve rootlet emerging from the ventral surface of brainstem; NB,, NB,, NB, — nerve bundle in the first, second and

third nerve rootlets; NB, ,, NB, ,, NB, , — number of nerve bundle in the first nerve rootlet.

117 12"

A 450+ B 6
O Transitional zone O Transitional zone
H Central myelin
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Figure 3. Bar graph showing mean value of central myelin portion (black) and depth of transitional zone (white) of 10 oculomotor (A) and
10 abducens nerves (B). Each bar represents each nerve. The letters A, B, C and D at the end of the graph of abducens nerves represent the
morphology type of abducens nerves.

the longest central myelin was always seen on the decreased gradually. However, Fraher (1992) [5] who
first nerve bundle and the length of glial segment studied type of TZ in rats showed a similar central
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nerves (A) and abducens nerves (B).

myelin pattern and multiple nerve bundles in the
schematic diagram of oculomotor nerves. For abdu-
cens nerve, the morphologies of the nerve bundle
are classified into four types (A-D) based on the
number of nerve rootlets and the number of nerve
bundles. Fraher (1992) [5] also showed the same
schematic diagram of abducens nerves having more
nerve rootlets and one nerve bundle in each rootlet,
similar to that found in the type C pattern in our
study. Different positions of TZ could be explained by
CNS and PNS tissue migration during development
[5]. The morphological pattern of central myelin and
appearance of TZ observed in this study were different
from previous studies in other cranial nerves which
always shows only one arch-shaped TZ [8, 9, 17, 20,
22, 25, 27]. Consequently, the measuring method in
this study were designed to suit the pattern.
Skinner (1931) [22] is the first to demonstrate
that length of glial part of oculomotor and abducens
nerve from humans, dogs, cats, and rabbits were
1.2 and 0.5 mm, respectively. Tarlov (1937) [25] re-
ported length of glial part of oculomotor and ab-
ducens nerve from humans were 0.6 and 0.5 mm,
respectively. While our study found that lengths of
central myelin are longer than previously reported
for both cranial nerves. The oculomotor nerve had
a greater length of central myelin when compared
to abducens nerve in our study. This finding is con-
sistent with Skinner [22] and Tarlov [25]. However,
exact lengths cannot be compared because the defi-
nition of glial part was not mentioned and some
nerve specimens were from animals. When the entire
nerve was considered, most central myelin length of
oculomotor nerves was between 2.00 and 4.00 mm
(Fig. 3A). Furthermore, abducens nerve types A and B
tend to have a longer segment of mean central myelin
than types C and D (Fig. 3B). These findings could be
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a benefitin neuroimaging interpretation. In cadaveric
study, after specimens had been fixed, there were
some shrinkages. Before applying in the clinical set-
ting, this shrinkage must be taken into consideration.
Estimated post fixation shrinkage has been reported
up to 20% [29], therefore the corrected longest length
of central myelin (F*) would be 3.31-7.32 mm for
oculomotor nerve and 0.34-6.02 mm for abducens
nerve (Tables 1, 2).

The depth of TZ would be 0.08-0.70 mm for
oculomotor nerve and 0.06-0.48 mm for abducens
nerve (Tables 1, 2) if considering post fixation shrink-
age [29]. TZ started from 3.03 (1.65-4.39) and 1.79
(0.17-5.44) mm distal to where the cranial nerve exits
the brainstem for oculomotor and abducens nerves,
respectively. Knowing the starting point of TZ could
be useful in the localisation of compressed sites in
neuroimaging. Moreover, we found a positive weak
correlation between the depth of transitional zone
and length of central myelin of each nerve bundle in
the oculomotor and abducens nerves which could
imply that the greater the central myelin, the greater
the transitional zone depth.

Limitations of the study

Our study had a few limitations. First, cranial
nerves in this study were harvested from brain col-
lection, so age, sex, underlying disease, and cause of
death of the cadavers are unknown. Second, we could
not analyse the difference between sides due to the
small number of specimens. Third, our results cannot
be compared to other studies because of different
measurement method.

CONCLUSIONS

In conclusion, this study provides details of micro-
anatomical knowledge of oculomotor and abducens
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nerves. Knowing the length of the central myelin and
depth of TZ would be helpful in the localisation of
compressed sites in neuroimaging. Moreover, this
might help to understand the aetiology of ONM and
CN VI palsy from neurovascular compression.
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