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Early development of the facial nerve
in human embryos at stages 13-15
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Study was made on 16 human embryos at developmental stages 13-15 (fifth
week). The facial nerve was traced on serial sections made in three planes
(sagittal, frontal and horizontal) and stained with routine histological methods
and impregnated with silver. In embryos at stage 13 the facial ganglion forms
a complex structure with the vestibulocochlear ganglion. It is of fusiform shape in
contact with epipharyngeal placode and is located anteriorly and ventrally to the
vestibulocochlear ganglion. In embryos at stage 14 the facial ganglion separates
from the vestibular and cochlear ganglia and the chorda tympani as the first
branch appears. During stage 15 the main trunk of the facial nerve elongates
and the greater petrosal nerve originates at the level of the facial ganglion and
above the origin of the chorda tympani. (Folia Morphol 2015; 74, 2: 252-257)
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INTRODUCTION

The facial nerve is a second pharyngeal arch nerve
and it is a complex structure considering: 1) the types
of fibres, 2) the range of innervation, 3) the intrac-
ranial, intratemporal, and extracranial parts, 4) the
pattern of ramifications, and 5) the range of inner-
vation. The facial nerve contains somatic efferent
(motor) fibres, visceral efferent (parasympathetic)
fibres, general somatic sensory fibres, and special
visceral sensory (taste) fibres [9, 13].

Buskirk [9] estimated that 58% of the fibres of the
facial nerve in man are motor, 24% are autonomic,
and 18% are sensory.

The intracranial part of the facial nerve extends
from its exit at the posterior border of the pons in
the cerebellopontine angle to the internal auditory
meatus. From the brain stem the nerve emerges as
two roots: motor and sensory. The motor root is larg-
er. The sensory root, also called intermediate nerve,
contains sensory and parasympathetic fibres [1, 8,

21, 33]. The sensory fibres of the intermediate nerve
comprise the greater part of this nerve.

Within the internal auditory meatus the interme-
diate nerve and motor root unite and form a single
trunk which enters the facial canal.

Despite many studies on the intratemporal (in-
traosseous) part of the facial nerve, there are still
controversies as to the topography of this nerve to
the developing internal and middle ear [2, 14, 17,
34-36, 39].

Gasser [14-16] and Sataloff [34, 35] described the
development of the facial nerve in embryos classified
according to the length and expressed the embryonic
age in weeks. Gerhardt [17] paid attention to explain
caudal deviation of the facial nerve in relation to
facial ganglion and developmental malposition of
the facial nerve.

Recently O'Rahilly and Miiller [27, 28] studied the
development of the cranial nerves in human embryos.
They were concerned mainly with the neuronal
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Table 1. Crown-rump (CR) length, developmental stage and postovulatory days of investigated embryos

Catalogue no. CR length [mm] Developmental stage Age [days] Plane of section
B171 4.0 13 32 Frontal
B202 4.5 13 32 Horizontal
B213 4.5 13 32 Frontal
B207 6.0 13 32 Sagittal
B194 6.0 13 32 Horizontal
B195 5.5 14 33 Sagittal
A13 1.0 14 33 Sagittal
B186 15 14 33 Horizontal
A19 1.0 14 33 Frontal
As21 15 14 33 Frontal
PJK5 8.0 15 35 Sagittal
B75 8.0 15 35 Horizontal
PJK20 9.0 15 35 Horizontal
PJK18 9.0 15 35 Frontal
B175 9.0 15 35 Frontal
B69 9.0 15 35 Horizontal

migration, formation of the nuclei in the brain stem
and sequence of appearance of the cranial nerves.

Many conflicting reports exist on the early develop-
ment of the facial nerve, particularly considering
relationship between the facial and vestibulococh-
lear ganglia and the time of appearance of the first
branches [3, 14-16, 34, 35].

During the first 8 weeks of development, more than
90% of the named structures appear. It is important
to determine exact time of development of structures
and establish events in the formation of body systems.

Descriptive embryology based on standard serial
histological sections with graphic reconstructions is
still valid tool to pursue human development. How-
ever, it is important in this study to determine the
age of investigated specimens, particularly during
the embryonic period.

The present study was performed on serial sec-
tions and graphic reconstructions of staged human
embryos aged 5 weeks.

MATERIALS AND METHODS

The study was performed on 16 human embryos
at developmental stages 13-15 (postovulatory days
between 32 and 36, Table 1). Embryos from the col-
lection of the Department of Anatomy, Poznan Uni-
versity of Medical Sciences, were staged according to
international Carnegie staging [22, 24, 30].
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Serial sections of embryos made in three planes
(sagittal, horizontal, and frontal), were stained ac-
cording to routine histological methods and impreg-
nated with silver. Graphic reconstructions were made
at least two at each stage. The general features of
various structures (neuromeres, ganglia of the cranial
nerves) were determined.

RESULTS

Embryos at stage 13 (32 postovulatory days)

Both neuropores of the neural tube are closed
and its canal, forming the future ventricular system,
is separated from the amniotic cavity. All three layers
in the wall of the neural tube are distinguishable. The
motor nuclei of the cranial nerves separate from the
common efferent tract. The sensory nuclei develop
in the common afferent tract. The motor nucleus of
the facial nerve is medial to the abducent nucleus.
In the secondary brain vesicles, the neuromeres are
indicated. Ganglia of the cranial nerves and their
relations to the pharyngeal arches are visible (Fig. 1).
The external surfaces of the rhombencephalic neu-
romeres are well indicated. All three branches of the
trigeminal ganglion are discerned. The otic vesicle
is separated from the surface and its dorsal part, as
the primordium of the endolymphatic appendage, is
seen. The facial ganglion forms a common complex
with the vestibulocochlear ganglion (Fig. 2). It pre-
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Figure 1. Sagittal section of human embryo at stage 13. Cresyl
violet, X 40; a — frontonasal eminence; b — olfactory crest;

¢ — heart; d — first pharyngeal arch; e — otic vesicle; f —
trigeminal ganglion; g — facial ganglion.

o

Figure 2. Frontal section of human embryo at stage 13. Cresyl
violet, X 100; a — otic vesicle; b — vestibulocochlear ganglion;
¢ — facial ganglion; d — epipharyngeal placode.

Figure 3. Sagittal section of human embryo at stage 13. Cresyl
violet, X400; a — roots of the facial nerve; b — rhombencepha-
lon; ¢ — facial ganglion; d — epipharyngeal placode of the second
pharyngeal arch.
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Figure 4. Frontal section of human embryo at stage 13. Haema-
toxylin & eosin, X 150; a— facial ganglion; b — cochlear ganglion;
¢ — vestibular ganglion; d — otic vesicle; e — rhombencephalon;
f — epipharyngeal placode.

sents a fusiform structure with cells arranged in rows
and is traversed through nerve fibres (Fig. 3). The
ganglion is in the contact with epipharyngeal placode
of the second pharyngeal arch and is located ventrally
and anteriorly to the vestibulocochlear ganglion at
the level of the rhombencephalic neuromere 4. The
facial neural crest is still visible.

Embryos at stage 14 (33 postovulatory days)

Future cerebral hemispheres are delineated and
the telencephalon medium is separated from the
diencephalon through the torus hemisphericus. With-
in the brain, 16 neuromeres are well defined. The
epipharyngeal placode and neural crest contributing
cells to the trigeminal and facial ganglia are present.
All ganglia forming facial-vestibulocochlear complex
are distinguishable (Fig. 4). The nuclei of the cranial
nerves in the brain stem are well formed. The mes-
encephalic and spinal trigeminal tracts develop. From
the trunk of the facial nerve originates the chorda
tympani as the first branch of this nerve (Fig. 5). It
passes anteriorly whereas the main trunk of the facial
nerve courses ventrally and posteriorly in the direction
to the second pharyngeal arch.

Embryos at stage 15 (35 postovulatory days)

The cerebral hemispheres are well developed. The
diencephalon is divided into future five zones. The
motor and sensory nuclei of the cranial nerves are
distinct and several tracts in the brain stem appear.
The motor nucleus of the facial nerve lies medially
to the abducent nucleus in the future dorsomedial
nuclear column. The intracranial part of the facial
nerve elongates. At the level of the facial ganglion
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Figure 5. Frontal section of human embryo at stage 14. Bodian's
protargol, x100; a — facial ganglion; b — chorda tympani; c —
trunk of facial nerve; d — otic vesicle; e — vestibular ganglion;

f — cochlear ganglion.

Figure 6. Horizontal section of human embryo at stage 15.
Bodian's protargol, x100; a — trigeminal ganglion; b — cochlear
ganglion; ¢ — vestibular ganglion; d — otic vesicle; e — trunk

of facial nerve; f — facial ganglion; g — greater petrosal nerve;

h — external auditory meatus.

1mm

Figure 7. Reconstruction of brain in human embryo at stage 15;
a — eye; b — trigeminal ganglion; ¢ — ophthalmic nerve; d —
maxillary nerve; e — mandibular nerve; f — chorda tympani;

g — greater petrosal nerve; h — facial ganglion; i — cochlear
and vestibular ganglia.
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arises greater petrosal nerve. It is directed anteriorly
(Figs. 6, 7). Ventrally to the greater petrosal nerve aris-
es the chorda tympani which also passes anteriorly.
The main trunk of the facial nerve forms a slide arch
bent anteriorly. This segment may be considered as
the primordium of the horizontal part of the nerve.

DISCUSSION

During the investigated period of embryonic de-
velopment (fifth week), many important features in
the brain appear. These include: 1) closure of neuro-
pores and separation of the neural tube from am-
niotic cavity, 2) appearance of the neuromeres and
subdivision of the neural crest, 3) presence of the
five chief parts of the brain, 4) formation of the cer-
ebral hemispheres, 5) formation of the nuclei of the
cranial nerves in the brain stem, 6) development of
the cranial nerves ganglia, and 7) appearance of the
branches of the cranial nerves. In humans, only two
sites of fusion of the neural folds and two neuropores
are found and the closure of the anterior neuropore
is bidirectional [25, 26]. It proceeds simultaneously
from a dorsal lip (midbrain — diencephalon border)
and from a ventral lip (telencephalic region).

The cerebral hemispheres, which was also con-
firmed in the present study, are identifiable at stage
14 and are well marked during stage 15 [19, 27, 29].

They are marked from the telencephalon medium
by the di-telencephalic sulcus externally and by the to-
rus hemisphericus internally. The longitudinal fissure
between two hemispheres is more evident. The future
interventricular foramina between lateral cerebral
hemispheres and the telencephalon medium narrow.

Appearance of the main parts of the brain and
transverse subdivisions, perpendicular to the longi-
tudinal axis of the brain result in formation of the
neuromeres. The neuromeres are very important in
location of developing nuclei and ganglia of the cra-
nial nerves and their relationship to domain of gene
expression [18, 20, 24, 27].

In the performed study, in human embryos at stage
15 all 16 neuromeres were present. In the hindbrain
the neuromeres named rhombomeres function as re-
striction boundaries of cellular movements [18, 20].

The motor nuclei of the cranial nerves differentiate
during the fifth week from the efferent motor column
[4-6, 12, 27, 31, 32, 37]. The sensory nuclei of the
cranial nerves develop in the common afferent tract
[6, 11, 20, 28].
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The motor nucleus of the facial nerve in all inves-
tigated stages is medially to the abducent nucleus in
the future dorsomedial nuclear column.

The important structure during the development
of the nervous system is the neural crest which gives rise
to variety of derivatives including the spinal and cranial
ganglia [28]. In human embryos, the neural crest is indi-
cated first at stage 9 in mesencephalic neuromere. The
facial and vestibulocochlear ganglia develop from the
facial and otic crest opposite neuromere 4 and 5. The
trigeminal, facial, glossopharyngeal and vagal ganglia
develop from the neural crest and epipharyngeal pla-
code [10, 11, 38] which are a part of the ectodermal
ring and appear at stage 12 [23].

The epipharyngeal placode over the second phar-
yngeal arch were observed in embryos at stage 13.

In the present study it was found that in embryos
at stage 13 the facial ganglia form complex structure
with the vestibulocochlear ganglion. This was also
found in the previous observations [7, 40].

Sataloff [34, 35] found facioacoustic primordium
in embryos of 3 weeks and identified the chorda tym-
pani in embryos of 4.8 mm long which corresponds
to stage 13. He also observed extracranial branches
of the facial nerve in embryos of 5 weeks. This is
not in accord with results of the present study and
may result from not precise determination of the
embryonic age.

Gasser [14, 16] who determined the age of embry-
os according to length presented the development of
the facial nerve in 4 stages. During stage | (embryos
4.2-6.5 mm) the ganglion forms common primordium
with the vestibulocochlear ganglion and the chorda
tympani arises. In the stage Il (embryos 8.0-20.0 mm)
appears the greater petrosal nerve which joins the
deep petrosal nerve. In his another paper Gasser [15]
found the chorda tympani in embryos at stage 15.
It has to be stressed that in embryos at stage 13 the
facial nerve gives no branches.

CONCLUSIONS

The present study, based on international Carnegie
staging showed that in embryos aged 5 weeks the
facial ganglion separates from the vestibulocochlear
ganglia and 2 branches of the nerve appear: the
chorda tympani at stage 14 and the greater petrosal
nerve at stages 15.
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