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ABSTRACT
BACKGROUND: The aim of this paper was to point out the intradural cranial nerve roots variations in their 
localization and number to establish the incidence and clinical importance of the cranial nerve root variations.
METHODS: The anatomical study was performed on 120 sides in 60 cadavers. There were 51 male 
cadavers with the mean age 43.3 and 9 female cadavers with the mean age of 39.5 years. 
RESULTS: Abducens nerve variations were observed in 48 cases (80 %). They were more frequently on the 
left side, in 25 cases (41.66 %). Duplicated abducens nerve was observed in 25 cases (41.66 %). Double 
and triple abducens nerve variations were also observed.
CONCLUSIONS: Cranial nerve variations are rare, but variations of abducens nerve and atypical exit of the 
hypoglossal nerve from the fossa cranium posterior is not a rare variation. Knowledge of this variation may 
be important to various fi elds of medicine (Tab. 3, Fig. 8, Ref. 34). Text in PDF www.elis.sk
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Introduction

The VI nerve ascends after emerging from the pontomedul-
lary junction and leaves the posterior fossa by piercing the menin-
geal dura over the clivus approximately 1 cm, inferior and me-
dial to the trigeminal root. Although, in the majority of instances, 
it is a single nerve exiting through a single dural foramen, there 
may be more than one fascicle exiting through one or two dural 
openings.

Development anomalies of the central nervous system are not 
uncommon. Moreover, they may form the absence of cranial nerve 
nucleus to cause maldevelopment of a large portion of the brain, 
and may be associated with defects of other organs. Frequently, 
development anomalies are not recognized clinically and are un-
expectedly found at autopsy (1).

Variant anatomy of the other cranial nerve is very rare. Al-
though it would appear extremely rare, surgeons must consider all 
variants during head procedures in order to minimize iatrogenic 
complications (2). Abnormal position involves a great risk of 
damage (3). Cadaver study demonstrated that knowledge of these 
variations may be important during a skull base surgery.

A review of literature revealed cases of the absence of the 
olfactory bulbs and tracts, of which only 1/3 was not associated 
with other multiple congenital cerebral anomalies (4). Optic nerve 
hypoplasia was studied and reported more extensively than aplasia 
(5). Cranial nerve during its course between the brain stem and 
cranium usually travels forward as a single trunk, but is not an 
uncommon variant for the nerve. 

Most of the papers on the intracranial variations describe only 
one of nerve roots as case reports (5–9). Most of the papers deal 
with describing variations of n. abducens (10–15). It is important 
to know the variations in the course of the abducens nerve and 
exit of the hypoglossal nerve at the cranial base not only for ana-
tomic knowledge itself, but also for neurosurgical procedures and 
it may be crucial to avoid iatrogenic surgery. N. accessorius is the 
second most commonly affected peripheral nerve during a surgery, 
following median nerve (16).

The submitted paper evaluates the topic of n. abducens.
The anatomical data collected from 60 cadavers represent the 

basis of the report. 

Materials and methods

The anatomical study was carried out on 120 sides in 60 ca-
davers within 24 hours from death. There were 51 men (85 %) 
aged 24–57 years with the mean age 43.3 and 9 women (15 %) 
aged 20–60 years with the mean age of 39.5 years. The subjects 
died a violent death, most often in car accidents without skull 
base fractures.

The calvaria of 60 cadaveric heads were removed by making a 
horizontal incision from glabella to inion in both sides of the head; 
after removal of the cranial vault, the dura mater was dissected. 
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Cerebrum and cerebellum were  taken out by obtuse dissec-
tion of the head. Brain stems were removed with attention paid to 
the side at which the cranial nerves pierced. The cranial nerves in 
the right and left side of 60 brain stems and the skull base were
examined. The study was conducted with the approval of the ethics
committee.

Results

Abducens nerve variations were observed in 48 cases (80 %) 
(Tab. 1). They were more frequently on the left side, in 25 cases 
(41.66 %). Duplicated abducens nerve was observed in 25 cases 
(41.66 %) (Fig. 1). Eight cases (13.3 %) had duplicated nerve 
variations bilaterally. Triple and more abducens nerve variations 
were observed in 5 cases (8.33 %) (Figs 2 and 3). Bilateral triple 
abducens nerve variations were observed in 4 cases (6.66 %). Co-
incidental occurrence of double and triple abducens nerve varia-
tions were observed in 5 cases (8.33 %). In one case, the absence 
of one abducens nerve roots was observed (Fig. 4). In 5 cases 
(8.33 %), the abducens nerve emerged from the brain stem as a 
single trunk and entered the subarachnoid space, split into two 
and more branches, and left the fossa cranium posterior through 
two foramina in 4 cases (6.66 %). In one case, the abducent nerve 
trunk split into more than two branches and left the fossa cranium 
posterior through one foramen. 

In 42 cases (70 %) conversely, the abducens nerve exited the 
pontomedullary sulcus as two and more separate radices, and after 
an intradural course of a different length, the nerve roots left the 
fossa cranium posterior space as a single trunk.

The asymmetry of abducens nerve roots was observed in 7 
cases (11.66 %) (Tab. 2). The atypical exit of the hypoglossal 
nerve from the fossa cranium posterior was observed in 17 cases 

Fig. 1. Front view, double spacing of the abducent nerve l. sin. from 
the pontomedullary sulcus.

Fig. 2. Front view, triple spacing of the abducent nerve l. sin. from the 
pontomedullary sulcus.

Fig. 3. Front view, more than triple abducent nerve spacing from the 
pontomedullary sulcus.
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(28.33 %) (Tab. 3). The nerve roots were separate until they en-
tered the occipital bone.

In 4 cases (6.66 %), there was an observed coincidental occur-
rence of atypical exit of double abducens and double hypoglossal 
nerve from the fossa cranium posterior through two foramina (Figs 
5, 6 and 7,  Tabs 1 and 2).

Anastomoses between cranial nerve roots were observed in 
four cases between the glossopharyngeal and vagus nerve. His-
tological analysis of these connections verifi ed their neural con-
tent (Fig. 8). 

Total 
number

Number of 
variations

Double 
spacing

Bilateral 
double spacing

Triple 
spacing

Bilateral 
triple spacing

Coincidental occurrence of 
double and triple spacing

Absence of the 
abducens nerve roots

60 48 25 8 5 4 5 1

Tab. 1. Intracranial intradural variations of abducens nerve.

Total number Double abducens nerve trunk 
exit through two foramina

Bilateral double abducens nerve 
trunk through two foramina

More than double abducens nerve 
trunk exit through one foramen

5 2 2 1

Tab. 2. Atypical exit of the abducens nerve from the fossa cranium posterior.

Total number Bilateral exit double hypoglossal nerve trunk 
through two foramina

Coincidental occurrence of atypical exit of double abducens 
and double hypoglossal nerve through two foramina

17 13 4

Tab. 3. Atypical exit of the hypoglossal nerve from the fossa cranium posterior.

Fig. 4. Pontomedullary sulcus. Front view, absence of the abducent 
nerve.

Fig. 5. Dissection of the posterior cranial fossa showing the cranial 
nerves the abducent and the hypoglossus leaving the cranial cavity 
through their respective foramina. Back view, coincidental occurrence 
of atypical spacing, double abducens and double hypoglossal nerve 
from the fossa cranium posterior through two foramina.
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Discussion

The sixth cranial nerve is the most commonly affected ocular 
motor nerve in adults. In children, it is the second most common, 
following the fourth cranial nerve, with an incidence of 2.5 cases 
per 100 000.

Most papers refer to cranial nerve variations and anomalies as 
case reports (1–3, 6–8, 17–24). The aetiology of these variations 
is unknown. It has to be elucidated. 

But variations of abducens nerve are not rare. The incidence 
of duplicated abducens nerve has been reported to range between 
8 and 18 % (10–13). In our study, they occurred in 25 (41.66 %) 
cases. Nathan et al (12) did not fi nd any case that had bilaterally 
duplicated abducens nerve and also reported a case in which the 
abducens nerve split into three branches. Özveren et al (13) found 
the incidence of a bilaterally duplicated abducens nerve to be 8 %. 
We observed the occurrence of such disorders in 8 (13.3 %) cases. 
We observed tripled and more abducens nerve variations in 14 
cases (23.33 %). Tillack and Winer (14) reported a case with no 

Fig. 6. Dissection of the posterior cranial fossa showing the crani-
al nerves, the abducent and hypoglossus leaving the cranial cavity 
through their respective foramina. Back view, coincidental spacing 
of atypical spacing of the double abducent and double hypoglossal 
nerves through two foramina.

Fig. 7. Dissection of the posterior cranial fossa showing the crani-
al nerves, the abducent and hypoglossus leaving the cranial cavity 
through their respective foramina. Back view, coincidental spacing 
of the double abducent and double hypoglossal nerves through two 
foramina.

Fig. 8. Intercepted nerve fi bres with a thin myelin sheath HE x 40. Anas-
tomoses between nervus vagus and nervus glossopharyngeus. Longi-
tudinal section of the normal arrangement of axons, Schwann cells.
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abducens nerve. In our study, also in one case, the absence of one 
abducens nerve root was observed. In the absence of the abducens 
nerve, lateral rectus muscle may be supplied by the oculomotor 
nerve (14). Abducens nerve can pass in the line with the brain stem 
within the oculomotor nerve (13). 

The cases of developmental anomalies are not well known 
except for those instances in which the mother suffers a defi nitive 
infection or toxic disease during pregnancy and thus may affect the 
embryo or foetus. However, in the majority of cases, a history of 
a normal pregnancy is obtained, and the case of the maldevelop-
ment is left unexplained (1, 22). 

The primary defect in optic nerve aplasia and hypoplasia is 
mesodermal maldevelopment (5). The aetiology of congenital 
cases, however, remains mostly unidentifi ed (9).

Developing from the ventral lamina of the midbrain, the ocu-
lomotor, trochlear, abducens and hypoglossal nerves constitute the 
somatic efferent group of cranial somites (25). During embryologi-
cal development, a human embryo is in the form of two aberrant 
branches (10, 13). The absence of the abducens nerve could be 
explained by the fact that the oculomotor nerve and abducens nerve 
are members of the somatic efferent groups, so it is not surprising 
that the abducens nerve travels within the oculomotor nerve (13). 

Modern neuroimaging techniques provide improved methods 
of visualizing cranial nerves. Signal abnormalities within the brain 
stem and cranial nerves are best visualized with a high resolution 
T-2 weighted images (17, 24). 

MR imaging verifi ed the presence of nerve aplasia and dem-
onstrated hemichiasmal hypoplasia on the affected side. MR-A 
1 mm-thick slice through the brain stem was acquired with T2 
weighted three-dimensional fast spin-echo MRI sequence (17).

Variations of the other cranial nerves are considered to be very 
rare. However, more and more variations are being recognized by 
microsurgery (18, 26–30). The incidence of intracranial neural con-
nections between the glossopharyngeal and vagus nerve was 2.5 % 
(30). We observed it in four cases (6.66 %). During the formation 
of the skull, these posterior fossae, no rigid separation of the fi bres 
of the glossopharyngeal, vagus, accessory, and hypoglossal nerves 
exist. Additionally, the lower cranial nerves merge during develop-
ment through a common ganglion crest (31). Therefore, it is not 
surprising that these nerves may communicate along their length.

Specifi cally (30), any neural connections between the glos-
sopharyngeal and vagus nerve can be sought using a surgical mi-
croscope. The functional signifi cance of communicating branches 
between cranial nerves has never been established, but it is reason-
able to suppose that they could hardly present with some purpose 
of the potential function. Communicating rami are predominantly 
sensory in function (32).

The intracranial interconnections between lower cranial nerves, 
especially between the glossopharyngeal and vagus nerve, may be 
more common because such spinal connections among the cranial 
nerves may be under-appreciated and missed during the removal 
of the embalmed brain from the cranial vault. 

The hypoglossal nerve shows many variations in its course 
and branching in the extracranial course, but variations in the 
cranial cavity are rare (33). The pathological process may cause 

neuralgia. They may also have a role in essential hypertension and 
syncope attacks. The vessels are most often their causes. N ayak 
(34) observed unilateral, double hypoglossal nerves leaving the 
cranial cavity through two hypoglossal foramina only in one case.

We observed it in 17 cases (28.33 %), when the hypoglossal 
nerve left the fossa cranium posterior as a single trunk through 
two foramina. 

The two roots of the hypoglossal nerve pierced the dura mater 
separately and then entered the two hypoglossal canals separately. 
When they came out of the skull, they had already joined to form 
the single hypoglossal nerve trunk.

The nerve passing as two roots into the occipital bone and 
emerging out as one trunk may be of clinical importance.

The nerve roots might get trapped during the ossifi cation pro-
cess in the occipital bone. If this happens unilaterally or bilate-
rally, it may result in minor degrees of alterations in movements 
of the tongue. Though this might not produce any major problems 
in movement of the tongue, they are good enough to change the 
quality of the words pronounced by the individual. There are no 
clinical studies yet on the entrapment of the hypoglossal nerve 
in the occipital bone. It is worth considering this variation in el-
derly patients with minor diffi culties in movements of the tongue 
or speech.

Comparing our anatomical fi ndings with the previous results 
of other authors (10–15, 34), it appears that a percentage rate was 
higher, and the types of variations were partially different.

Our study was affected by a strong regional focus and a small 
number of cadavers. This limitation affects the interpretation of 
our quality and the ability to generalize our fi ndings.

Conclusions

Cranial nerve variations are extremely rare, but abducens nerve 
variations and hypoglossal nerve roots exiting from the skull base 
are not rare. Knowledge of this variation may be important to vari-
ous fi elds of medicine.

Although these variations and connections are rare and the 
signifi cance is unknown, knowledge of them may prove useful to 
surgeons, who operate in the posterior fossa region so that they may 
avoid inadvertent traction or transection of these interconnections.

Additionally, such communications might be considered in 
patients with recalcitrant neuralgia after microvascular decom-
pression and rhizotomy of the cranial nerve.
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