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ABSTRACT

Keywords:

Stemming from our previous studies regarding somatotopy of the spinal cord, oculomotor complex
and trigeminal complex, we developed this study of the somatotopy of facial nuclei to compare the
musculotopic organization of the facial nucleus in different mammals. The results suggest that a
basic pattern of muscle representation exists in the cranial nerve VII that is common to all
mammals: the subnuclei innervating the nasolabial musculature are located in the lateral portions of
the nucleus, while the auricular musculature is innervated by motor neurons located in the medial

parts of the nucleus. In humans, it was identified that the facial motor nucleus has a dorsal and a
ventral region: the neurons in the dorsal region innervate the muscles of the upper face, and the
neurons in the ventral region innervate the muscles of the lower face. Interestingly, the neurons in
the dorsal portion of the facial motor nucleus receive input from both sides of the cortex, while
those in the ventral aspect mainly receive controlateral input. The result is that both cerebral
hemispheres control the muscles of the upper face, and each controls the controlateral lower face.
The study and knownledge of the somatotopy of the facial nucleus can be useful for greater
precision on the damaged part of the nucleus and the nerves originating from it, and therefore a
more precise surgery and monitoring of maxillo-facial tumors.

Facial nucleus, Facial Nerve,
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nerve.
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Facial nerve/VII cranial nerve (1) is a complex comprising the “facial
nerve” and the “intermediate nerve,” known as the “intermediate-facial

1. Introduction

“Cranial Nerve VII” was first described by Galen (129-200 AD) who nerve,” and contains both sensory and motor fibers. The sensory fibers
transmit touch, pain, and pressure information from the tongue, soft

palate, and pharynx, and they terminate in the solitary nucleus. The motor
fibers produce facial expression, eyelid closure, provide the corneal and

identified seven “cranial nerves: I optic; II oculomotor; III and IV
trigeminal; V facial and auditory; VI glossopharyngeal, vagus and

accessory; VII hypoglossus”, so the “facial nerve” was considered as “part
stapedial reflex. The “intermedius nerve” also includes motor fibers

innervating the salivary, lacrimal and nasal glands.

Stemming from our previous studies regarding somatotopy of the spinal
cord, oculomotor complex and trigeminal complex, we developed this
study of the somatotopy of facial nuclei. Additionally, we performed an
analysis of the literature data on somatotopy of the motor facial nucleus to
see if there is any correspondence between other mammals and humans.

of the facial-vestibulocochelar complex”. Next, the “intermediate nerve”
was identified by Eustachius in 1563 and later by Wrisberg in 1777 as
“portio media inter comunicantem faciei et nervum auditorium.” It was
not until Bell, in the 1800s, when both the motor and sensory components
of the facial nerve were distinguished. In 1881, Sapolini definited and
named the 13" nerve the “intermediate nerve” for its position between the
facial nerve and the upper portion of nerve VIII, which was recently
considered an independent nerve structure.
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2. Facial nerve anatomy

The “facial nerve” (2) is commonly divided into “4 segments: the nucleus
and tracts, the cistemal segment that tranverse the internal auditory canal,
the intratemporal segment (through the bony facial nerve canal), and the
peripheral segment."”

The “facial nerve” anatomically arises from the “facial nucleus” and
emerges from the pontomedullary junction, at supra-olivar pit, by two
roots: 1) the motor root conveying fibers to muscles derived from the
mesoderm of the second branchial arch, 2) the nervus intermedius
connecting the visceral sensory fibers from the tongue and palate, and
preganglionic parasympathetic fibers to the pterygopalatine and
submandibular ganglia. The two roots unite in the “internal acoustic
meatus.” At the lateral end of the meatus, the facial nerve passes into the
“facial canal.” The nerve then turns sharply posteriorly at the geniculum,
where the “geniculate sensory ganglion” is located, and the greater
petrosal nerve of the pterygopalatine ganglion emerges from this region.
The “facial canal” continues posteriorly on the medial wall of the
tympanic cavity, passing above the fenestra vestibuli and arching
downward and laterally emerging at the “stylomastoid foramen” just after
the “chorda tympani nerve” termination.

The “facial nerve” (3), after emerging through the stylomastoid foramen,
curves downward and ventrolateral and enters the retromandibular fossa
lateral to the external carotid artery and the retromandibular vein. Before
the “facial nerve” enters the parotid gland, it divides into the “posterior
auricular nerve” and the “nerves to stylohyoid and posterior digastric
muscles.”

Inside the parotid gland, the facial nerve runs between the deep and
superficial lobe until it emerges beyond the anterior border of the gland to
continue up to the facial muscles with two main divisions after
bifurcation, the temporofacial and the cervicofacial branches, which
divide into five terminal branches: temporal, zygomatic, buccal, marginal
or mandibular, and cervical. The temporal and zygomatic branches always
originate from the temporofacial division; however, the mandibular and
cervical branches always arise from the cervicofacial division. The buccal
branch is the only with one variable origin.

The “facial nerve” is divided into five groups of peripheral distal
branches:

1) the “temporal branch,” which emerges at the superior limit of the
parotid gland and is subdivided into 1-5 branches innervating the muscles
of the upper portion of face, frontalis, orbicularis oculi and corrugator
muscles;

2) the “zygomatic branch,” which innervates muscles of the intermediate
portion of the face, the zygomatic muscle, and the orbicular oculi muscle;
3) the “buccal branch” which runs alongside the parotid duct over the
masseter and buccinator muscles innervating the cheek muscles, the
zygomatic muscles, orbicularis oris, and levator labii superioris.

4) the “mandibular branch,” which crosses the facial artery at the inferior
limit of the parotid gland, innervates the muscle of the lower portion of
face, the “depressor labii inferioris.”

5) the “cervical branch,” which innervates the submental and platysma
muscles and has 1-3 branches to the neck.

3. Facial nerve sensory component

The sensory component (4, 5) of the facial nerve is comprised of “fibers”
which originate from the “protoneurons” located in the “geniculate
ganglion.” These are distinguised by:

1) “Fibers or peripheral processes” of the protoneurons conveying touch,
thermic, and nociceptive information from the auricule and external
auditory canal, and “fibers or central processes” of the protoneurons in
contact with the intermedius nervus, united with fibers of the trigeminal
nerve, and terminating in the “spinal trigeminal nucleus”;

2) “Fibers or peripheral processes” of the protoneurons conveying
information along the major petrous nerve innervating the nasal mucosa,
paranasal sinuses, and a part of the soft palate, and “fibers or central
processes” which enter in contact with the intermedius nerve and
terminate in the “nucleus of the solitary tract”;

3) “Fibers or peripheral processes” of protoneurons running in the “lingual
nerve” and “chorda tympani,” synapse with receptors of taste buds of 2/3
of the anterior portion of the tongue, “fibers or central processes” enter in
contact with the intermedius nerve just laterally of the motor root of the
facial nerve at the bulbo-pontine junction, and rostrally to the inferior
olive, entering into the “solitary tract” and terminating in the “rostral part
of the solitary nucleus called gustative nucleus.”

4. Motor facial nucleus

The facial motor nucleus (6) is situated in the caudal part of the reticular
formation in the pons, posteriorly to the “dorsal nucleus of the trapezoid
body” and anteriorly to the “spinal tract of the trigeminal tract”.

In 1927, Papez (7) identified the “facial nucleus” in feline
cytoarchitectonically and subdividing it into “ventromedial, ventrolateral,
lateral, dorsal, intermediate and medial divisions.” Successively, in 1966,
Courville and coll. (8) identified four subgroups in the “facial nucleus”
that give rise to branches or nerves innervating single muscles as
described in the following table (Table 1).

Subgroups Branches or Nerve Muscle
Dorsomedial Auricular posterior Occipital, auricular.
Ventromedial Cervical Platysma.
Intermediate Temporal, zygomatic Frontalis, orbicularis oculi,
corrugator supercilii, zygomatic,
Lateral Buccal Buccinator, buccolabial superior and inferior.

Table 1. Subgroups (four) of facial nucleus in feline (8).

In cats, the dorsomedial group is the most prominent, possibly due to the
importance of the auricular musculature.

The greatest amount of stapedius motoneurons (9) were located around
the motor nucleus of the facial nerve. Staphedius motoneurons were also
found near the descending limb of the facial-nerve root, in the peri-olivary
neuropil, and in the reticular formation with the ascending fibers of the
facial-nerve root.

The stapedius muscle manifests the stapedius reflex pathway, which is the
involuntary contraction caused by excessive stimulation of the inner ear
and involves 3-4 neurons: “primary auditory afferent,” and “cells of the
ventral cochlear nucleus” with their axons in the “trapezoid body” in
partial contact with the ipsilateral stapedial motoneurons located for the
most part medially in the facial motor nucleus.
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The stapedial reflex has a protective function towards the the inner ear, as
well as an extension of the auditory field and improvement of the
discriminative capacity in noise, increasing the ability to understand
speech (medium-acute components) in noisy environments.

In cats, Kume and coll. (10), by utilizing retrograde axonal transport of
horseradish peroxidase, found that within the facial nucleus the
representation of peripheral branches of the facial nerve was as decribed
in the following table (Table 2).

Division Branch
Ventromedial Cervical
Medial Posterior auricular
Intermediate Temporal
Dorsal Zygomatico-orbital
Lateral Superior labial
Ventrolateral Inferior labial

Table 2. Subgroups (six) of facial nucleus in cat (10).

In cats (11), the facial nucleus receives the projections from the regions of
the contralateral red nucleus, which receives basal gangliar inputs and
transmits them to the facial nucleus and cervical spinal cord, therefore, the
red nucleus controls movements of the head and face.

In rats (12), the facial nucleus can be divided into 5 morphological
subdivisions as shown on the following table (Table 3).

Subnuclei or subdivisions Branch
Medial Auricular posterior
Ventromedial Cervical
Lateral Inferior/superior buccolabiales
Dorsal Zygomatic
Intermediate Temporal and digastric

Table 3. Subgroups (five) of facial nucleus in Rat (12).

The results are consistent with an organization of the motor nucleus
reflecting a corresponding topographic organization of the facial
musculature. In rats (13), the facial nucleus, by retrograde transport of
HRP, can be divided into “longitudinal columns”: those supplying the
nasolabial muscles, which are in the lateral and ventral intermediate
segments; posterior auricular muscles in a medial column; platysma in an
intermediate column; the lower lip in an intermediate ventral column
segment; ocular muscle in an intermediate dorsal column segment. The
posterior belly of the digastric muscle is innervated by motoneurons
extending from the dorsal aspect of the facial nucleus to the caudal pole of
the trigeminal motor nucleus (Table 4).

Column Muscles
Intermediate segment ventral Nasolabial
Intermediate segment lateral Nasolabial

Medial Auricular posterior
Intermediate Platysma
Intermediate segment ventral Lower lip
Intermediate segment dorsal Ocular muscles

Table 4. Columns (six) of facial nucleus in rat (13).

In mice (14), the data concerning the musculotopic organization of the
facial nucleus are in general agreement with findings in other animals.

The lateral portions of the nucleus supply facial musculature in the
nasolabial regions, and the medial portions supply the auricular
musculature. The nasolabial musculature is represented by a relatively
large portion of the facial nucleus, the lateral and dorsolateral subnuclei
(Figures 1a, 1b).

Figure 1a. Nuclear map with the muscles in subnuclei of the adult
mouse facial nucleus: nl, nasolabial; 0o, orbicularis oculi; aa, anterior
auricular musculature; pa, posterior auricular musculature; pd,
posterior belly of the digastric muscle, st, stapedius muscle; mentalis

musculature; p, platysma.

Figure 1b. Map of regiones of the distorted facies with the areas
corresponding to the size of the portions of the subnuclei, showed in
figure 2, which supply them. Figure modified from Ashwell (14).

In guinea pigs (15), the facial nucleus was divided cytoarchitectonically
into the dorsolateral, lateral, intermediate, medio-intermediate, medial,
and ventromedial divisions. The ventromedial division was further
divided into the major, dorsal and lateral parts. Six main branches of the
facial nerve were identified: the zygomatico-orbital, cervical, posterior
auricular, anterior auricular, superior labial, and inferior labial branches.
Within the facial nucleus, a correspondence was found between the
subnuclei or divisions, and the main branches of the facial nerve as shown
in the following table (Table 5).

Subnucleus Branch
Dorsolateral Zygomatic-orbital
Ventromedial (dorsal part) Cervical

Posterior auricular
Anterior auricular

Ventromedial (major part)
Ventromedial (lateral part)

Medial Superior labial
Lateral Superior/inferior labial
Intermediate Superior/inferior labial

Medio-intermediate

Superior/inferior labial

Table 5. Subnuclei (six) of facial nucleus in Guinea pig (15).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kume%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19605140
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In guinea pigs, Reuss and coll. (16) observed that the neurons located
medially and ventrally to the nucleus of the facial nerve ipsilateral
innervate the stapedius muscle.

In rabbits, Satoda and coll. (17) observed that the facial nucleus is
cytoarchitectonically divided into 5 divisions: ventromedial, medial,
dorsal, lateral, and intermediate. The correspondence between the division
or subnuclei and supplied branches of the facial nerve is shown in the
following table (Table 6).

Subnucleus Branch
Ventromedial Cervical
Medial Anterior/posterior auricular
Dorsal Zygomatic-orbital
Lateral Inferior/superior labial
Intermediate Inferior/superior labial

Table 6. Subnuclei (five) of facial nucleus in Rabbit (17)

In pigs, Sus scropha, (18), seven well-definied subnuclei of facial nucleus
were identified. The motoneuron pools of the perioral muscles were
generally segregated from motoneurons innervating other facial muscles
of the rostrum. However, motoneuron pools were not confined to single
nuclei, but instead spanned across 3-4 subnuclei. The perioral muscle
motoneuron pools overlapped but were organized somatotopically.
Motoneuron pools of portions of the superior orbicularis oris overlapped
greatly with each other but exhibited a crude somatotopy within the
superior orbicularis oris motoneuron pool. The large and somatotopically
organized motoneuron pool in pigs suggests that the upper lip might be
more richly innervated than the other perioral muscles and functionally
divided.

In guinea pigs and rabbits (19), the accessory facial nucleus only
innervates the posterior belly of the digastric muscle, while the anterior
belly of the digastric muscle is innervated from neurons of the
ventromedial part of the motor nucleus of the trigeminal nerve.
Additionally, no motoneurons innervating the digastric muscle were found
within the main facial nucleus.

The facial motor nucleus in monkeys (20) has a muscolotopic
organization and is divided into four different subnuclei: dorsal, medial,
intermediate, and lateral (Figure 2; Table 7).

Figure 2. Facial nucleus of monkey subdivided in subnuclei: D,
dorsal; M, medial; L, lateral; I, intermediate. Figure modified from
Horta (20).

Subnucleus Muscle
Dorsal Orbicularis oculi
Intermediate Zygomaticus, Platysma
Lateral Orbucularis oris, Buccinator
Medial Auriculaus siperior

Table 7. Subnuclei of facial nucleus in Monkey (20).

Morphologically, the motor facial nucleus at the rostral pole showed few,
sometimes scattered cells that belonged to the “dorsal subnucleus.” At the
rostral level, the “intermediate subnucleus” was generally fused to the
dorsal subnucleus, which was the predominant nucleus. The other
subnuclei could be identified from rostral pole to caudal pole, all
increased in size, and in the middle third reaching the largest area of the
cross-section (Figure 3). The caudal pole was formed by a small group of
large motoneurons that belonged to the “lateral subnucleus.”
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Figure 3. Facial nucleus of monkey in rostrocaudal direction from A-
H; the nucleus is subdivided in the subnuclei: Dor, dorsal; M, medial;

L, lateral; I, intermediate. Figure modified from Horta (20).

The motor facial nucleus, by retrograde labeling patterns, revealed that
individual muscles were innervated by six “longitudinal functional
columns of motoneurons” (Table 8).

The “longitudinal functional columns” correspond to the individual
muscle. The columns of the orbicularis oculi, zygomaticus, orbicularis
oris, auricularis superior, buccinator and platysma muscles were located in
the dorsal, intermediate, lateral, medial, lateral and intermediate subnuclei
respectively, except in the case of the frontalis and levator labii superioris
alaeque nasi muscles, whose functional columns occupied more than one
cytoarchitectonic subnucleus, thus the motoneuron columns of the levator
labii superioris alaeque nasi muscle and frontalis muscle could not be
associated with a specific subnucleus.

Longitudinal Muscle [ of the column with
Sfunctional column neurons to single muscle
Dorsal Orbicularis oculi superior, inferior | 95
Intermediate Zygomaticus 584
Lateral Orbicularis oris | 88,9
Medial Auricularis superior | 76,8
Lateral Buceinator 90
Intermediate Platysma | 95

Table 8. Columns of facial nucleus in Monkey (left), muscle (center),

% of column with labelled neurons for each muscle (right).

In macaca fascicularis, Welt and Abbs (21) reported that the facial nucleus
extended rostrocaudally in the pons for about 2 mm, varying in shape and
cross-sectional area along this axis with motoneurons clustered in
subnuclei whose boundaries were not sharp - they were not segregated by
fiber bundles, and their length, number, and area varied with rostrocaudal
location.
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Additionally, the AA observed that individual muscles were innervated by
longitudinal columns of motoneurons with each muscle region
represented at all rostrocaudal levels of its column.

The columns began at different rostrocaudal levels and varied in length.
Columns for closely related muscles, such as the orbicularis oris and
mentalis of the lower lip, tended to overlap, whereas columns for
disparate muscles, such as the perioral and orbital, did not overlap. Most
motoneurons have the dendritic processes branched extensively among
several different columns or subnuclei, and some dendrites extended
outside of the nucleus into the surrounding tegmentum. Mean soma
diameter (10.4-42.2 microns) was distributed unimodally, reflecting the
absence of gamma motoneurons and lack of muscle spindles in the facial
muscles. Large and small motoneurons were found in all regions of the
nucleus, but the largest ones were located caudally and innervated
muscles of the upper and lower lip.

The perioral muscles also had more neurons, longer columns, and a lower
cell density than the other muscle groups examined. These features may
reflect the functions of the perioral muscles in facial expression and
vocalization.

In humans (1), the facial nerve is a mixed nerve containing both sensory
and motor fibers.

1) The sensory fibers transmit touch, pain, and pressure information from
the tongue, pharynx, and skin near the ear canal and information
originating from the receptors in the taste buds of the anterior tongue and
terminating in the solitary nucleus.

2) The motor facial nerve includes the muscle that closes the eye, moves
the lips, and produces facial expressions. The facial nerve provides the
efferent limb of the corneal reflex, the trigeminal nerve provides the
afferent information from the cornea and facial nerve active in eyelid
closure. The visceromotor fibers of the facial nerve originating from the
pregangliar parasympathetic neurons are located in the superior salivary
nucleus in the reticular formation, posterolaterally to the inferior extremity
of the facial nucleus. Some fibers, running along the chorda tympani,
arrive at the submandibular ganglion innervating the sublingual and
submandibular glands, other fibres running along the major superficial
petrosal nerve arrive at the pterigolapaltine ganglion innervating the nasal
and palatine glands.

The somatoneuron fibers of the facial nerve originate from the motor
nucleus situated in the caudal portion of the ventrolateral pontine
tegmentum. Its axons take an unusual course, traveling dorsally and
looping around the abducens nucleus, where they form the facial
colliculus at the base of the fourth ventricle, they travel along the ventral
pons, medially to the spinal trigeminal nucleus, and emerge from the
bulbo-pontine sulcus. It was demonstrated that the facial motor nucleus
(5) has a dorsal and ventral region: the neurons in the dorsal region
innervate the muscles of the upper face and the neurons in the ventral
region innervate the muscles of the lower face.

The literature (22) reported that a 75-year—old male cadaver presented an
aberrant nerve branch of the facial nerve, innervating the
sternocleidomastoid muscle, in addition to the accessory nerve and
cervical rami C,and Cs. The aberrant innervations may occur as results of
a fusion of the muscular compartment from digastric and
sternocleidomastoid muscles during the development or might be the
source of the misinterpretation of the electromyographic findings.

5. Facial nucleus development

The somatotopy of the facial nucleus was also identified during the
development in opossum (23) and humans. In opossum (Monodelphis
domestica), the results suggest that the migration of facial motoneurons to
the facial motor nucleus is a postnatal event, the efferent projections from
facial and hypoglossal motoneurons project into the peripheral region of
their target muscles from the day of birth, and the facial motoneurons
migrate to their destination in the brainstem thereafter, in close association
with radial glial fibers.

The somatotopy of the facial nucleus was identified by AA (24) by
immunohistochemistry during development, and it can be subdivided into
five structurally discrete regions with various neurotransmitters and
neuropeptides in the neurons and nerve fibres of the human facial nucleus
at 14 and 27 weeks of gestation and in the neonate. The results showed
that whilst choline acetyltransferase-positive neurons were observed in the
facial nucleus at all stages of development, dopamine beta-hydroxylase-
positive neurons were only found in the neonate. In addition, afferent
nerve fibres positive for choline acetyltransferase, enkephalin, and
substance P were observed at all stages of development. In the younger
specimens, these fibres were evenly distributed, however, in the neonates
the fibres were asymmetrically distributed as the different types became
concentrated in the various structurally distinct regions of the facial
nucleus.

6. Discussion

Studies of the facial motor nucleus and the rostrocaudal axis of the facial
musculature (18, 20, 23, 25) suggest that a basic pattern of muscle
representation exists in nucleus of the facial nerve or VII nucleus that is
common to all mammals. As a rule, it is represented along the
mediolateral axis of the VII nucleus, whereas the superoinferior axis of
the face is represented along the dorsoventral axis of the nucleus (Figure
4).
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Figure 4. Facial nucleus of monkey subdivided in subnuclei: Dor,
dorsal; Med, medial; Lat, lateral; Ven, Ventral; I, intermediate.

Figure modified from Sherwood (25).

Thus, muscles surrounding the mouth are represented in lateral regions of
the VII nucleus, posterior auricular and neck muscles are represented in
medial regions, and intermediate neurons innervate muscles around the
eyes, the forehead, and anterior auricular muscle.

Like all lower motor neurons, neurons of the facial motor nucleus receive
cortical input from the primary motor cortex in the frontal lobe of the
brain.


https://en.wikipedia.org/w/index.php?title=Cortical_input&action=edit&redlink=1
https://en.wikipedia.org/wiki/Primary_motor_cortex
https://en.wikipedia.org/wiki/Frontal_lobe
https://en.wikipedia.org/wiki/Brain
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Interestingly, the neurons in the dorsal aspect of the facial motor nucleus
receive inputs from both sides of the cortex, while those in the ventral
aspect mainly receive contralateral inputs. The result is that both sides of
the brain control the muscles of the upper face, while the right side of the
brain controls only the lower left side of the face, and the left side of the
brain controls only the lower right side of the face. The impairment
therefore causes facial asymmetry, since the healthy side is responsible for
a contralateral attraction, so that in cases of peripheral impairment, it is
homogeneous on the upper face and on the lower face, but it is not
accompanied by automatic-voluntary dissociation. In cases of paralysis of
the central facial nerve, the deficiency is predominant on the lower part of
the face and is accompanied by automatic-voluntary dissociation. Bell's
sign corresponds to an automatic upward and outward movement of the
eye.

The facial nucleus is integrated in the emotional system: the amygdala
receives emotional information which is sent to the widespread cortical
and subcortical areas. Recent studies (26) have elucidated the somatotopic
representation of the amygdalar output system in the brain of the rhesus
monkey and showed that the lateral basal nucleus of the monkey
amygdala projects to the cingulate motor cortex M3, and the target
cortical neurons project somatotopically to the facial nucleus in the brain
stem.

7. Conclusions

The basic pattern of muscle representation of the facial nucleus is
common to all mammals.

The rostrocaudal axis of the facial musculatureis represented along the
mediolateral axis of the nucleus VII, and the superoinferior axis is
represented along the dorsoventral axis of the nucleus. Dor. Dorsal;Med.
Medial; Lat. Lateral; VVen. Ventral. Figure modified from Sherwood (25).
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