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ABSTRACT

Background. The data reported in the specialty literature on the embryogenesis of the facial nerve mainly refer to the
initial stages of its development. Nevertheless, the intrauterine development of the facial nerve is a complex and insightful
process, characterized by a range of peculiarities. The goal of our study was to highlight the specific developmental fea-
tures of the facial nerve for a better understanding of its morphology in adults.

Material and methods. Fifty-two groups of serially sectioned human embryos and fetuses from the embryo-fetal collec-
tion of the Department of Normal Anatomy at the Belarusian State Medical University in Minsk were investigated. The
embryonic samples were classified according to Carnegie stages (day of gestation and crown-rump length). For protocols
description, an OLYMPUS CX31 binocular microscope (eyepiece 10%, objectives 4x; 10x; 40x; 100x) and a Nikon DS-Fil
camera were used.

Results. The primary and secondary divisions of the facial nerve trunk, the chorda tympani, the greater petrosal nerve, and
the intracerebral and peripheral connections of the facial nerve were distinguished at Carnegie stage 15. The first appear-
ance of intraplexal connections within the parotid plexus was identified at Carnegie stage 16. At stage 20, thin connections
between the geniculate ganglion and the vestibular ganglion were revealed. Macro- and microstructural changes in the
geniculate ganglion were noted throughout its development. The plexiform nature of the peripheral divisions of the facial
nerve and the formation of the pes anserinus minor were observed at stage 21. At Carnegie stage 23, the motor nucleus was
well developed, and the internal knee of the facial nerve was identified.

Conclusions. Early specific features of facial nerve development include: 1) intracerebral and peripheral connections with
neighboring cranial nerves; 2) intraplexal connections between branches of the parotid plexus; 3) distinguishable intrace-
rebral pathways; 4) connections between the geniculate and vestibular ganglia. Late developmental peculiarities include:
1) progressive macro- and microstructural changes in the geniculate ganglion; 2) appearance of the pes anserinus minor;
3) formation of the motor nucleus, internal knee, and intracerebral pathways. These specific developmental features of the
facial nerve provide clear evidence of its complex morphology in adults.
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significant for understanding its topographical relationships with ad-
jacent anatomical structures and for better comprehension of its in-
volvement in impairments of neighboring cranial nerves.

The novelty added by the manuscript to the already published
scientific literature

The current study highlights certain specific features of facial nerve

development that have not been described by other authors.

Introduction

The fascinating process of facial nerve embryogene-
sis and its high susceptibility to a wide range of harmful
factors, including viruses, bacterial infections, and genet-
ic mutations, have strengthened our belief that even the
most sophisticated imaging methods cannot provide a bet-
ter understanding of facial nerve formation and function-
ality than the investigation of its development in human
embryos.

The rhombencephalon develops from an excessively seg-
mented neuroepithelial area of the cephalic portion of the
neural tube, giving rise to neuromeres [1]. Miiller and O’Ra-
hilly proposed the first classification of the neuromeres, ac-
cording to their position and appearance in the brain [2].
Thus, at Carnegie stage 9, the scientists identified 6 primary
neuromeres, but by stage 14, all the secondary neuromeres
had formed. The neuromeres were detectable until Carn-
egie stage 17. Lumsden revealed a distinct position of the
cranial nerve roots in relation to individual rhombomeres in
chick embryos. Thus, the trigeminal nerve rootlies in r2, the
facial nerve root in r4, and the glossopharyngeal in r6 [3].
The roots of the nerves were distinguished in the central
furrow of the rhombomere, and “a tight correspondence be-
tween the position of each branchial motor nucleus and the
rhombomeric pattern was observed” [3]. In vertebrates, the
development of the face is related to the neural crest and is
regulated by a “code of HOX genes in a segment-restricted
way” [4]. By stage 17, the “branchial motor nerves emerge
from nuclei within consecutive pairs of rhombomeres, each
pair lying in register with an adjacent branchial arch” [5, p.
331], and a two-segment periodicity is established [5-7].
Under normal conditions, the trigeminal nerve develops
from r2 and r3, the facial nerve from r4 and r5, the glosso-
pharyngeal nerve from r6 and r7, and the vagus and acces-
sory nerves from r7 and r8 [1-5, 8, 9].

In chick and mouse embryos, a particular HOX gene-
GHOX 2.9 in chicks and HOX 2.9 in mice-is highly expressed
at the level of r4 and the hyoid arch, from which the facial
nerve derives [10-12]. The expression of HOX genes in the
neural tube and neural crest cells, as well as the combined
expression of HOX genes in both the neurogenic neural crest
and branchial arches, determines the development of the fa-
cial nerve [9].

According to Sataloff and Danilo, in the third week of
gestation, the facio-acoustic primordium derives from the
rhombomeres of the rhombencephalon, giving rise to the

facial nerve [13, 14]. The trunk of the facial nerve passes
through the mesenchyme towards the facial neurogenic
placodes, contributing to the formation of the nerve gan-
glia associated with the pharyngeal arches. By the fourth
week of embryonic development, the facial nerve nucleus is
formed, and the motor fibers of the facial nerve extend from
it [13-15], while Miiller considers that the motor nucleus of
the facial nerve is not definitely formed until the last stage
of embryogenesis (Carnegie stage 23) [2]. The parasympa-
thetic ganglia derive from neural crest cells, and the axons
of those neurons form the facial nerve [16]. In the 4" week
of development, the chorda tympani is distinguished [13,
14]. During the 5"-7" weeks of gestation, the geniculate
ganglion, the intermediate nerve, and the greater petrosal
nerve appear [16, 17].

The geniculate ganglion is of mixed embryological ori-
gin, with the majority of its neurons deriving from the hy-
omandibular epibranchial placode, while the supporting
cells are derivatives of the neural crest [18, 19]. In relation
to the vestibulocochlear complex, the geniculate ganglion is
located at the level of r4, being in contact with the epipha-
ryngeal placode of the 2™ visceral arch [20].

Development of the motor components of the cranial
nerves derived from the first three visceral arches depends
on HOX gene expression [1]. Development of the facial
nerve and of the geniculate ganglion “involves neuronal sur-
vival, differentiation, and neuron-glia interaction”, regulated
by the gene-related family of neurotrophins-nerve growth
factor-which determines the growth of sympathetic and
some sensory neurons, as well as neuronal survival [18].
During the 7" and 8" weeks, the mimic muscles derive from
the second branchial arch, and by the 11" week of devel-
opment, the facial nerve, which supplies these muscles, is
characterized by obvious arborization. In the newborn, the
anatomy of the facial nerve shows many similarities to that
of the adult, except in the mastoid region, where the nerve is
located more superficially due to underdevelopment of the
mastoid process.

Considering the above-mentioned facts, the goal of our
study was to highlight the morphological specific features
of facial nerve development for a better understanding of its
branching patterns, connections, and functionality in adults.

Material and methods

This current study was conducted on the basis of the
Bilateral Agreement between the Department of Anatomy
and Clinical Anatomy of Nicolae Testemitanu State Univer-
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sity of Medicine and Pharmacy of the Republic of Moldova
and the Department of Normal Anatomy of the Belarusian
State Medical University in Minsk.

Fifty-two groups of serially sectioned human embryos
and fetuses from the embryo-fetal historical collection of
the Department of Normal Anatomy of the Belarusian State
Medical University in Minsk were investigated. The crown-
rump length (CRL) of the examined embryos and fetuses
ranged from 4 mm to 70 mm.

According to available data, prior to dissection, the em-
bryos and fetuses were fixed in 10% formalin solution, af-
ter which they were dissected by a microtome in sagittal,
frontal, and transverse planes. The histological samples
were subsequently stained using hematoxylin-eosin and
Bielschowsky-Biicke silver impregnation methods. All the
samples used in the current study were fixed and stained
by the staff of the Department of Normal Anatomy of the
Belarusian State Medical University in Minsk, at the time
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of the collection’s creation. The descriptive and morpho-
metric parameters of the embryos and fetuses were stored
in an Excel database, maintaining the coding of the original
collection. The embryonic samples were classified accord-
ing to Carnegie stages (day of gestation and CRL), as pro-
posed by Robinson [21]. For description of the protocols,
the OLYMPUS CX31 binocular microscope (eyepiece 10x,
objectives 4x; 10x; 40x; 100x) and Nikon DS-Fil camera
were used.

Results

At the end of Carnegie stage 13, a narrow furrow splits
the facio-acoustic primordium into the facial and acoustic
ganglia. At stage 15, the facial nerve exits the rhomben-
cephalon as a straight, well-impregnated trunk, consisting
of loosely arranged nerve fibers (Fig. 1A). The geniculate
ganglion, chorda tympani, and greater petrosal nerves were
also identified at stage 15.

Fig. 1 Development and
connections of the facial nerve in
human embryos.

A. Carnegie stage 15 (CRL 9 mm). B. Car-
negie stage 19 (CRL 17 mm). Sagittal sec-
tions. Staining (Bielschowsky-Biicke and
hematoxylin-eosin).  Microphotographs.
1 - facial nerve; 2 - chorda tympani; 3 -
acoustic ganglion (future vestibular and
spiral ganglia); 4 - trigeminal nerve; 5
- intracerebral connections between the
facial nerve and trigeminal nerve; 6 -
glossopharyngeal nerve; 7 - intracerebral
connections between the facial nerve and
glossopharyngeal nerve; 8 - vagus nerve;
9 - tympanic nerve; 10 - trigeminal gan-
glion; 11 - ophthalmic nerve; 12 - max-
illary nerve; 13 - mandibular nerve; 14
- trochlear nerve; 15 - inferior ganglion
of the glossopharyngeal nerve.

On deeper planes of the sagittal sections, the roots
formed by the facial and trigeminal nerves faded, while
those of the glossopharyngeal and vagus nerves were well
distinguishable. The intracerebral connections between the
facial and glossopharyngeal nerves were also identified.
The connections between the vagus and hypoglossal nerves
were highlighted. The neuronal groups that give rise to the
facio-vestibulo-cochlear complex were detected in the re-
gion of the internal acoustic meatus at Carnegie stages 15-
16 (CRL 9-11 mm).

At Carnegie stage 16, two roots of the facial nerve-an an-
terior and a posterior one-were highlighted on transverse
cross-sections. The definitive formation of the intracerebral
roots of the facial nerve and their fusion into a common
trunk were established at Carnegie stage 18 (Fig. 2).

At Carnegie stage 19, the intracerebral connections of
the facial nerve with the trigeminal and glossopharyngeal
nerves became thicker, and a clear fibrillar character of
these connections was observed. The peripheral branches

Fig. 2 Formation of the intracerebral roots of the facial nerve.
Transverse cross-section through the hindbrain. Carnegie stage
18 (CRL 15 mm).

Staining (Bielschowsky-Blicke). Microphotograph. 1 - anterior root of the fa-
cial nerve; 2 - posterior root of the facial nerve; 3 - facial nerve; 4 - geniculate
ganglion; 5 - roots of the trigeminal nerve; 6 - trigeminal ganglion.
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of the facial nerve were better distinguished, and their con-
nections with the peripheral branches of the trigeminal and
glossopharyngeal nerves became more obvious. The course
of the tympanic nerve through the mesenchyme of the de-
veloping petrous part of the temporal bone was clearly
identified. The trochlear nerve and all the primary branches
of the trigeminal nerve were well distinguished (Fig. 1B).
The biotaxis of the neuroblasts from the depth of the
rhombencephalon towards the external surface of the brain
appeared as fibrocellular cords at Carnegie stage 16 (Fig.

Mold J Health Sci. 2025;12(3):12-19

3A). At the cranial end of the hindbrain, the roots of the tri-
geminal nerve were highlighted. Medial to the trigeminal
nerve, the intracerebral path of the facial nerve was identi-
fied. The internal knee of the facial nerve was observed on
frontal sections of embryos at Carnegie stage 23, which is the
last stage of embryonic development (Fig. 3B). The fibers of
the facial nerve entered the internal acoustic meatus, close
to the vestibular ganglion, continuing their course within
the facial canal, and, upon exiting the stylomastoid foramen,
the nerve appeared as a thick fibrous cord.

Fig. 3 Intracerebral course of the
facial nerve in human embryos.

A. Transverse cross-section. Carnegie
stage 16 (CRL 11 mm). B. Frontal sec-
tion. Carnegie stage 23 (CRL 27 mm).
Staining (Bielschowsky-Biicke and he-
matoxylin-eosin). Microphotographs. 1
- fibers of the facial nerve; 2 - fibers of
the trigeminal nerve; 3 - motor nucleus
of the facial nerve; 4 - internal knee of
the facial nerve.

Fig. 4 Peculiarities of the
peripheral connections of the
facial nerve.

A. Connections of the facial nerve with
the lingual branches of the glossopha-
ryngeal nerve. Carnegie stage 15 (CRL
9 mm). B. Communicating branch of
the facial nerve with the tympanic plex-
us. Carnegie stage 16 (CRL 11 mm). C.
Intraplexal connections between the
branches of the parotid plexus. Carnegie
stage 17 (CRL 14 mm). D. A plexiform
structure in the infraorbital region.
Carnegie stage 21 (CRL 23 mm). Sag-
ittal sections. Staining (Bielschows-
ky-Biicke). Microphotographs. 1 - facial
nerve; 2 - acoustic ganglion; 3 - glosso-
pharyngeal nerve; 4 - vagus nerve; 5 -
connections of the facial nerve with the
lingual branches of the glossopharyn-
geal nerve; 6 - chorda tympani; 7 - ge-
niculate ganglion; 8 - communicating
branch of the facial nerve with the tym-
panic plexus; 9 - trigeminal ganglion;
10 - intraplexal connections between
the branches of the parotid plexus; 11
- plexiform structure in the infraorbital
region, formed by connections between
the facial and trigeminal nerves (pes
anserinus minor).
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Peripheral connections of the facial nerve were dis-
tinguished starting from Carnegie stage 15 (CRL 9 mm).
Among the earliest revealed connections were those of the
chorda tympani with the lingual branches of the glossopha-
ryngeal nerve (Fig. 4A). At Carnegie stage 16 (CRL 11 mm), a
communicating branch of the facial nerve with the tympan-
ic plexus was highlighted (Fig. 4B). The first appearance of
the parotid plexus was observed at Carnegie stage 17 (CRL
14 mm), and multiple thin intraplexal connections between
the main divisions of the future parotid plexus were distin-
guished (Fig. 4C). At Carnegie stage 21 (CRL 23 mm), the
extracranial branches of the facial nerve were represent-
ed by multiple distal arborizations. A plexiform structure,
formed by connections between the distal ramifications of
the temporofacial division of the facial nerve and the infra-
orbital branch of the maxillary nerve, was marked out in
the infraorbital region. The infraorbital plexiform structure
consisted of a well-defined fibrillar component with high-
ly complex connections, known as the pes anserinus minor
(Fig. 4 D).
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As a specific feature of the geniculate ganglion during
its embryonic and fetal development, continuous modifi-
cations in its shape-from oval to triangular and ovoid-tri-
angular-were noted. A series of microscopic morphological
changes were also observed. At Carnegie stage 18, the genic-
ulate ganglion had an ovoid shape and was predominantly
formed by nerve fibers, among which growing neuroblasts
were distinguished. An hourglass-shaped narrowing was
revealed on the medial side of the ganglion. The neuroblasts
were randomly distributed within the geniculate ganglion;
nevertheless, their concentration was clearly higher along
its margins and in the core of the ganglion (Fig. 5A).

In fetuses with a CRL of 55 mm, the geniculate gan-
glion was oval, and the hourglass-shaped narrowing had
disappeared. A neuronal redistribution within the genic-
ulate ganglion occurred: the neuroblasts surrounded the
external margin of the ganglion as a thick collar, while the
central part consisted predominantly of nerve fibers, with
only a few thin cords of neuroblasts highlighted in its core
(Fig. 5B).

Fig. 5 Developmental peculiarities
of the geniculate ganglion in
embryos and fetuses.

Transverse cross-sections. A. Embryo at
Carnegie stage 18 (CRL 15 mm). B. Fe-
tus (CRL 55 mm). Staining (Bielschows-
ky-Biicke). Microphotographs. 1 - neu-
roblasts located at the periphery of the
geniculate ganglion; 2 (A) - central
cluster of neuroblasts; 2 (B) - thin cords
of neuroblasts in the core of the gangli-
on; 3 - hourglass-shaped narrowing of
the ganglion; 4 - facial nerve.

Among the specific features of the geniculate ganglion
were its connections with the vestibular ganglion. At Carn-
egie stage 20, a thin connection between the geniculate and
vestibular ganglia was highlighted. In fetuses, those connec-
tions became thicker and stronger (Fig 6).

Fig. 6 Connections between the
geniculate and vestibular ganglia.

Transverse cross-sections. Fetus (CRL
57 mm). A. Left side. B. Right side. Stain-
ing (hematoxylin-eosin). Microphoto-
graphs. 1 - facial nerve; 2 - geniculate
ganglion; 3 - vestibular ganglion; 4 -
connections between the geniculate and
vestibular ganglia.

Two abnormalities of the facial nerve were found among
the examined embryos and fetuses. On a sagittal section
of an embryo at Carnegie stage 19 (CRL 17 mm), a double,
overlapping enlargement of the geniculate ganglion, from
which two separate facial trunks derived, was detected (Fig.
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7A). Each facial trunk distally divided into multiple branch-
es, giving rise to the parotid plexus. The peripheral branch-
es of the anterior trunk were directed anteriorly, while
those of the posterior trunk were spread both anteriorly
and posteriorly, and a connection between these two trunks
was revealed. In a fetus (CRL 57 mm), an aberrant branch to
the sternocleidomastoid muscle, considered casuistic, was
found (Fig. 7B).

Discussion

In the third week of embryonic development, no
branches of the facial nerve or ganglia are distinguished;
however, the facio-acoustic primordium is already formed
[13, 14, 22].

At Carnegie stage 13, the facial nerve forms “a complex
structure with the vestibulocochlear ganglion”, which, by
stage 14, divides into separate ganglia [20]. In the current
study, the facio-acoustic primordium in the third week of
embryonic life appeared as a triangular structure, separat-
ed by a narrow furrow into the facial nerve and acoustic
ganglion.

A “fan-shaped pattern” of the facial nerve exit from the
hindbrain nuclei located at the level of r4 and r5 was de-
scribed in mice [23]. The fibers exiting the brain from the
nuclei at the level of r4 entirely contributed to the formation
of the facial nerve trunk. Two groups of nuclei were identi-
fied at the level of r5-a medial and a lateral one-and only
the axons of the medial nuclear group participated in the
formation of the motor root of the facial nerve. The axons of
the lateral group of nuclei were considered to be pregangli-
onic parasympathetic fibers [23].

Bruska et al. noted that, at stage 13, the geniculate gangli-
on consisted of vertical rows of cells running parallel to the
facial nerve fibers, and the ganglion appeared as a separate
morphological structure [24, 25]. According to Gasser, “the
geniculate ganglion is well defined in 11.0-13.5 mm embry-
0s” [26]. In our series of embryos, the geniculate ganglion
appeared as a separate structure in embryos with a CRL of
11 mm. A specific feature of the geniculate ganglion was its
tendency to change shape-from ovoid to fusiform and trian-
gular-although the oval shape was generally characteristic
of the ganglion. In the investigated samples, the central part
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Fig. 7 Abnormal development of
the facial nerve.

A. Double facial nerve trunk. Sagittal
section. Embryo at Carnegie stage 19
(CRL 17 mm). B. Aberrant branch from
the facial nerve to the sternocleidomas-
toid muscle. Transverse cross-section.
Fetus (CRL 57 mm). Staining (hema-
toxylin-eosin). Microphotographs. 1 -
geniculate ganglion; 2 - facial nerve; 3
- aberrant branch to the sternocleido-
mastoid muscle; 4 - sternocleidomas-
toid muscle; 5 - connections between
the facial nerve trunks.

of the geniculate ganglion consisted of nerve fibers, laterally
bounded by two nerve cords of neuroblasts. In the core of
the ganglion, parallel rows of neuroblasts were identified.
At stage 18, the neuroblasts were large, and many more
nerve fibers were present in the geniculate ganglion com-
pared with the acoustic ganglion.

Danilo emphasized that the external knee of the facial
nerve begins its formation during the sixth week of develop-
ment [14]. In the current study, changes in the course of the
facial nerve and its bending around the otic capsule were ob-
served during the same period of gestation. The facial nerve
emerged from the brain as many thin fibers that continued
into the facial nerve trunk, from which the chorda tympani
nerve at stage 14 and the greater petrosal nerve at stage 15
originated. Similar results were reported by Lobko [27].

According to Gasser, the peripheral divisions of the facial
nerve began the parotid plexus formation in 18 mm embry-
os, while in our investigations the secondary divisions of the
facial nerve were observed in embryos with a CRL of 14 mm,
and some of those branches spread distally in a network
fashion [26].

Itis considered that migration of the pharyngeal efferent
neurons influences the formation of the facial nerve internal
knee, which appears at Carnegie stage 23 [25]. In our study,
the internal knee of the facial nerve was also observed at
Carnegie stage 23.

Experimental studies have proved that the zinc finger
gene Krox-20 is a segment-specific regulator of HOX gene
expression [9]. A similar regulatory effect on HOX gene ex-
pression is exerted by retinoic acid [28]. Under the influence
of retinoic acid and the zinc finger Krox-20 gene, a transfor-
mation of the motor portion of the trigeminal nerve into the
facial nerve was observed. The r2/3 transformed into r4/5,
and subsequently the entire portion of the trigeminal area
transformed into the facial-vestibuloacoustic area. Changes
in HOXB1 gene expression resulted in duplications of r2/3
into r4/5, but no changes were noted in the normal r4/5
segments [9, 28].

Neural crest cells are multipotent and highly migratory.
They are influenced by a range of cell signaling factors such
as Fibrobrlast Growth Factor, Bone Morphogenetic Proteins,
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retinoic acid, Notch ligands, Receptor Tyrosine Kinases, and
Wnt proteins. These signaling pathways are active in the
neural placodes and neural cells precursors that give rise
to the cranial nerves. Disturbances in neural cell migration
and differentiation can lead to various malformations and
aberrant neurogenesis of the cranial nerves [29], includ-
ing variations in the number and course of the facial nerve
trunk [30]. The aberrant branch of the facial nerve to the
sternocleidomastoid muscle could result from fusion of the
posterior belly of the digastric muscle with the sternoclei-
domastoid muscle [31].

Conclusions

The development of the facial nerve is influenced by a
range of factors, among which are HOX genes, neural crest
cell migration and differentiation, signaling molecules, and
viral and bacterial infections during the first 8 weeks of
pregnancy. Early specific features of facial nerve develop-
ment include: 1) intracerebral and peripheral connections
with the neighboring cranial nerves; 2) intraplexal connec-
tions of the parotid plexus branches; 3) distinguishable in-
tracerebral pathways; 4) connections of the geniculate gan-
glion with the vestibular ganglion. As late developmental
peculiarities, the following were identified: 1) changeable
macro- and microstructure of the geniculate ganglion; 2)
appearance of the pes anserinus minor; 3) formation of the
motor nucleus, internal knee, and intracerebral pathways.
The developmental specific features of the facial nerve are
obvious evidence of its complex morphology in adults.
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