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Proprioception is a quality of sensibility that originates in specialized
sensory organs (proprioceptors) that inform the central nervous sys-
tem about static and dynamic conditions of muscles and joints. The
facial muscles are innervated by efferent motor nerve fibers and
typically lack proprioceptors. However, facial proprioception plays a
key role in the regulation and coordination of the facial musculature
and diverse reflexes. Thus, facial muscles must be necessarily supplied
also for afferent sensory nerve fibers provided by other cranial nerves,
especially the trigeminal nerve. Importantly, neuroanatomical studies
have demonstrated that facial proprioceptive impulses are conveyed
through branches of the trigeminal nerve to the central nervous sys-
tem. The multiple communications between the facial and the tri-
geminal nerves are at the basis of these functional characteristics.
Here we review the literature regarding the facial (superficial) com-
munications between the facial and the trigeminal nerves, update the
current knowledge about proprioception in the facial muscles, and
hypothesize future research in facial proprioception.
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Introduction

Proprioception is the quality of mechanosensibility that informs the central nervous system about the
static and dynamic conditions of muscles and joints."? It originates in specialized sensory organs (pro-
prioceptors) that include muscle spindles and Golgi's tendon organs.> > Furthermore, capsular joint
mechanoreceptors and certain kinds of cutaneous mechanoreceptors can also work as proprioceptors.®
Proprioception applies for all skeletal muscles, including the craniocephalic ones. However, although
muscles innervated by the trigeminal nerve (cranial nerve V: CNV) contain proprioceptors,'®!! those
innervated by the facial (cranial nerve VII: CNVII) or the glossopharyngeal nerves'>'? lack typical pro-
prioceptors. However, facial proprioception plays a key role in facial expression, the coordination of facial
movement,'*'” regulation of the masticatory force in conjunction with jaw muscles, oromotor behaviors,
and nonverbal facial communication and in orofacial reflexes related to speech, swallowing, cough,
vomiting, or breathing.'®~°

Some decades ago, Baumel® suggested that proprioceptive impulses from facial muscles are
conveyed through the branches of CNV, which innervate the skin of the facial muscles regulating facial
expression and establish multiple communications with the branches of CNVII. Presently, it is widely
accepted that the proprioception of all the craniocephalic muscles depends on CNV,">?? and the
connections between CNV and CNVII may explain, at least in part, why trigeminal afferents transmit
proprioceptive information from the face to the mesencephalic trigeminal nucleus for processing.'>

Moreover, and despite the facial muscles lacking typical proprioceptors, proprioceptive acuity of
the orofacial muscles has been found to be more accurate than that of the jaw.>! All together, these
data suggest complex interaction between CNV and CNVII, which is of capital importance to under-
stand the clinical features of these nerves and in the surgery involving them to preserve proprio-
ception in face transplantation as much as possible,”>?> in reconstructive and cosmetic facial plastic
surgery,”* or in minimally invasive procedures (i.e., botulinum toxin; Refs. 25—28).

Here we review the literature and add our own experience devoted to the facial (superficial)
communications between CNVII and CNV. In addition, we updated the current knowledge about
proprioception in the facial muscles, which provide an anatomical support in these communications.

An overview of the trigeminal and facial nerves

CNV and CNVII are both mixed cranial nerves that carry motor and sensory fibers responsible for
both the motor and sensory innervation of the face, respectively. Moreover, with several deep and
superficial connections, CNV is considered responsible for the proprioceptive innervation of the head
muscles. Moreover, CNVII and some branches of CNV contain pre- and postganglionic parasympathetic
nerve fibers.?? !

CNV is responsible for the sensory innervation of the face and the motor innervation of several
craniocephalic muscles (temporalis, masseter, pterygoideus medialis and lateralis, mylohyoideus, venter
anterior digastricus, tensor veli palatine, and tensor tympani). It originates with two roots at the mid-
lateral surface of the pons that reach the Gasser's ganglion (ganglion trigeminale) where it divides into
three branches: ophthalmic (n. ophthalmicus, sensory V1), maxillary (n. maxillaris, sensory V2), and
mandibular (n. mandibularis, mixed V3). The soma of the sensory neurons is localized in the ganglion
trigeminale and terminates in the brainstem trigeminal sensory nuclei (nucleus spinalis nervi trigemi-
nalis and nucleus principalis nerve trigemini). However, the proprioceptive neurons that innervate the
craniofacial muscles innervated by V3 are located in the nucleus mesencaphalicus nervi trigemini instead
of the ganglion trigeminale. The motor axons originate from neurons located in the masticator nucleus
(nucleus motorius nerve trigemini) and are integrated into the mandibular nerve. From a developmental
perspective, the ophthalmic branch innervates the derivatives of the frontonasal process of the em-
bryos, and the maxillary and mandibular branches innervate the derivatives maxillary and mandibular
processes of the first branchial arch.

CNVII is responsible for the innervation and control of the movements of all the craniofacial
muscles, with the exception of the jaw muscles. Moreover, it innervates the platysma, venter anterior
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digastricus, stylohyoideus, and stapedius muscles. The sensory portion of CNVII receives gustatory
perception from the anterior two-thirds of the tongue and from a small cutaneous segment related to
the outer ear, the so-called Ransey-Hunt's zone. CNVII originates with two roots at the pontomedullary
sulcus of the brainstem near the pontocerebellar angle, with the largest being the motor root and the
smaller being the sensory root (the so-called intermediate Wrisberg's nerve; n. intermedius). There-
after, it enters the temporal bone, continues through the facial canal (where the two roots fuse), and
emerges from the foramen stylomastoideum. Then, it passes through the parotid gland, bifurcates into
two trunks (temporofacial and cervicofacial), and divides into five major branches (with wide varia-
tions): temporal (. temporales), the zygomatic (. zygomatici), the buccal (r. buccales), mandibular (r.
marginalis mandibularis), and the cervical (. cervicales).>*>> In addition, in some cases, an aberrant
branch emerges that arises from the main trunk before bifurcation into the temporofacial and cervi-
cofacial divisions.>* However, numerous anatomical variants and connections between the facial nerve
branches have been described in both children and adults.>>>° The soma of the sensory neurons is
localized in the ganglion geniculatum and terminates centrally in the brainstem nucleus tractus sol-
itarius. The motor axons originate from neurons located in the brainstem nucleus nervi facialis. From a
developmental perspective, the facial nerve innervates the derivatives of the second branchial arch of
the embryos.

Innervation of the facial muscles

To understand the proprioceptive innervation of the facial muscles, it is necessary to know that as
they are consistently innervated by the CNVII branches, the “enrichment” of the terminal segments of
the facial nerves with sensory fibers from CNV might provide these muscles with proprioceptive fibers.

All the craniofacial muscles, except the jaw ones are innervated by CNVII. According to Marur et al,>’
the innervation of the facial muscles is as follows: the temporal branch innervates the frontalis, pro-
cerus, depressor supercilii, and corrugator supercilii muscles; the temporal and zygomatic branches
supply the orbicularis oculi muscle; the zygomatic and buccal branches innervate the zygomaticus
major, zygomaticus minor, levator labii superioris aleque nasi, and levator anguli oris; the buccal branches
exclusively innervate the buccinator and risorius muscles; the marginal mandibular and buccal
branches innervate the orbicularis oris muscle; the marginal mandibular branch of the facial nerve
supplies the depressor anguli oris, depressor labii inferioris, and mentalis muscles; and the cervical
branch of the facial nerve innervates the platysma.

It can therefore be assumed that communications between specific CNV and CNVII branches pro-
vide proprioceptive innervation to concrete muscles (Table 1), although individual differences may
exist, and some muscles can receive innervation from more than a trigeminal branches.

Superficial branches of the trigeminal and facial nerves

In the present review, only the superficial branches of CNV and CNVII innervating the face will be
considered, especially the cutaneous branches arising from CNV because all the branches of the facial
nerve should be regarded as superficial.

The branches of CNV that have a subcutaneous trajectory are (i) from the ophthalmic division: the
supraorbital (n. supraorbitalis) and supratrochlear (n. supratrocleais) nerves (originated from the di-
vision of the frontal nerve), the upper eyelid branches of the lachrymal nerve (n. lacrimalis), the
external nasal branch (r. nasales laterales) of the anterior ethmoidal nerve (n. ethmoidalis anterior;
originated from the nasociliary nerve), and the infratroclear nerve (n. infratrochlearis); (ii) from the
maxillary division: the infraorbital nerve (n. infraorbitalis), which emerges onto the face from the
infraorbital foramen, and the zygomaticofacial nerve (r. zygomaticotemporalis); (iii) from the
mandibular division: the auriculotemporal nerve (n. auriculotemporalis), the buccal nerve (n. buccalis),
and the inferior alveolar (n. alveolaris inferior) and mental (n. mentalis) nerves. It is generally agreed
upon that CNVII runs deep to the facial superficial musculoaponeurotic system (SAMS), and only
sensory nerves (CNV) pass through the SMAS to provide innervation to the facial skin, but this topo-
graphical division is not universally accepted.>®4°
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Table 1

Several trigeminal nerve branches (left column) communicate with the main divisions of the facial nerve (central column) to
provide sensory innervation to the muscles (right column) they innervate. Therefore, the facial muscles innervated by a branch of
the facial nerve also receive fibers from the trigeminal branch with which it communicates, and each facial muscle receives both
motor (facial) and sensory (trigeminal) innervation. Data in this table are based on the literature cited in the manuscript.

Trigeminal connections with Facial nerve branches Facial muscles innervated
Auriculotemporal Facial trunk
Great auricular nerve Temporofacial and
cervicofacial divisions
Zygomaticotemporal Temporal Fontalis
Supraorbital Procerus
Auriculotemporal Depressor supercilii

corrugator supercilii
Orbicularis oculi

Supraorbital Zygomatic Orbicularis oculi
Supratroclear Zygomaticus major
Buccinators Zygomaticus minor
Buccal Levator labii superioris aleque nasi
Zygomaticofacial Levator anguli oris
Auriculotemporal

Infratrochlear Buccal Orbicularis oculi Zygomaticus major
Infraorbital Zygomaticus minor
Buccal Levator labii superioris aleque nasi
(communicating buccal nerve) Levator anguli oris
Mental Buccinators
Buccinator zygomaticofacial Risorius
Auriculotemporal

Buccinator Marginal mandibular Orbicularis oris
Mental Depressor anguli oris depressor

labii inferioris mentalis
Cervical Platysma

Facial and trigeminal nerve communications

CNVII exhibits a highly variable and complicated branching pattern and forms communications
with several other cranial nerves, especially with the branches of all the three divisions of CNV.4! 44 A
review of the available studies on trigeminofacial communications by Hwang et al** shows that in
studies using dissection, the maxillary branch had the highest frequency (95.0% + 8.0%) of commu-
nication with CNVII, followed by the mandibular branch (76.7% + 38.5%) and the ophthalmic branch
(33.8% + 19.5%). However, when the Sihler's stain method was used to stain the nerves, it was observed
that all the maxillary and mandibular branches, and 85.7% (12/14 hemi-faces) of the ophthalmic
branches had communications with the facial.® Interestingly, communication between the infraorbital
nerve and the different branches of CNVII are regularly found just below the infraorbital foramen,
forming the infraorbital plexus*’° (Figure 1).

CNVII can receive proprioceptive information from the cervical nerves, which are frequency
communicated (65.2 + 43.5%; Ref. 45).

Communications of trunk and two major divisions of the facial nerve with the trigeminal nerve

The auriculotemporal nerve shows unique multiple communications with the CNVII trunk, which
are known as communicating auriculotemporal nerves, and are highly consistent yet highly variable in
their communication patterns.*®°%>! The observations of Kwak et al*® of over 30 hemi-heads showed
that these communications occur within the parotid gland (93.3% of the cases) and join the upper
division (temporofacial) of the facial nerve posteriorly at the border of the masseter. Functionally, these
communications consistently innervate some of the muscles responsible for upper facial expression
(e.g., frontalis, orbicularis oculi, and zygomaticus major muscles)’® and presumably are also respon-
sible for their proprioception.
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I
33.8+19.5%* 95%%* 76.7 + 38.5%*
100%** 100%** 85.7%**

Figure 1. Schematic representation of the three trigeminal nerve branches, namely ophthalmic (red), maxillary (blue), and
mandibular (green), and their relationships with the facial nerve. Numbers indicate the percent of communications between the
three main trigeminal branches and the facial nerve (without specification of the branch) in cadaveric dissections (*; Ref. 45) or
using the Sihler stain method (**; Ref. 46). The image was modified from the original by Diamond et al.*®

Interestingly, although independent of CNV, a connection between the great auricular nerve
(composed of branches of spinal nerves C2 and C3) and CNVII trunk has been consistently observed
(100%) in 25 adult cadavers.””

Communications of the temporal branch of the facial nerve with the trigeminal nerve (Figure 2A)
Shimada et al,>' and more recently Odobescu et al,>> described the connections between the
zygomaticotemporal nerve of CNV2 and temporal branches of CNVII piercing the superficial layer of the
deep temporal fascia. Moreover, the temporal branch receives connection from the horizontal branch
of the supraorbital nerve*? [44% according to Hwang et al®*: 85.7% according to Yang et al*®] and the
auriculotemporal nerve.*?

Communications of the zygomatic branch of the facial nerve with the trigeminal nerve (Figure 2B)

The zygomatic branch of CNVII is anastomosed with the buccal nerve of CNV3>> and the zygoma-
ticofacial nerve of CNV2.>! This connection may be related with both the interchange of sensory fibers
and postganglionic parasympathetic secretomotor directed to the lacrimal gland.”® Furthermore,
connections between the zygomatic branch and the auriculotemporal, supraorbital, buccinator,** and
supratrochlear (50%)*° nerves were demonstrated.

Communications of the buccal branch of the facial nerve with the trigeminal nerve (Figure 2C; Figures 3 and 4)

The buccal nerve, a sensory branch of CNV3, communicates with the buccal branch of CNVII at its
peripheral position through a thick branch commonly called the communicating buccal nerve,’”>>7
which is located at the outer layer of deep fascia of the anterior portion of the buccinator muscle®
or within the buccinator and orbicularis oris muscles.”’ Moreover, the buccal branch communicates
with the infraorbital, buccinators, and auriculotemporal nerves“®; the infratrochlear, infraorbital, and
zygomaticofacial nerves [85.7%, 28.6% and 41.7% of the cases, respectively“®]; and the mental nerve.”'>®

A recent cadaveric study conducted on 40 hemi-faces by Tansatit et al®® identified triple (25%),
double (62.5%), and single (10%) communications between the buccal branch of the facial nerve and the
infraorbital nerve of the trigeminal nerve. The most common type of communication occurred be-
tween the lower trunk of the buccal nerve and the lateral labial branch of the infraorbitary nerve (70%)
deep to the levator labii superioris muscle. In Yang's et al's*® study, the communications between these
nerves reached 100%.
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Figure 2. Schematic representation of the communications between the four main branches of the facial nerve, namely temporal
(A), zygomatic (B), buccal (C), and marginal mandibular (D), with the superficial trigeminal branches. These nerves and the con-
nections with the trigeminal branches are colored in red. The image was modified from the original by Diamond et al.**

Communications of the mandibular branch of the facial nerve with the trigeminal nerve (Figure 2D; Figures 3
and 4)

Several authors have reported interconnections between the marginal mandibular branch of CNVII
and the mental nerve of CNV3 in 100% of the cases.*"6°:5860 NMoreover, the marginal mandibular
nerve is anastomosed with the buccinator nerve.*® The frequency of communication between the
cervical branch and the marginal mandibular branch of the facial nerve was 24.7 + 1.7%.4
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Figure 3. Cadaveric dissection of the left facial nerve in a male, 66 years old. The parotid gland, but not the parotid duct, was
removed. The facial nerve branched within the parotid gland into five branches, which were largely connected at the initial seg-
ments. 1: facial nerve, 2: temporal branches, 3: zygomatic branches, 4: buccal branches, 5: mandibular branches, 6: cervical
branches, 7: connections between primary facial divisions, 8: parotid duct, 9: masseter muscle, 10: zygomatic major muscle, 11: facial
artery, and 12: facial vein. This picture was obtained from our own dissections and was performed at the Area of Anatomy and
Human Embryology, Department of Morphology and Cell Biology, University of Oviedo, Spain.

Figure 4. Details of the dissection of the facial nerve on the left side of a hemi-head (male, 66 years old) showing the connections
observed between the infraorbital CNV2 and the zygomatic branch of CNVII (red arrow) and between the mental CNV3 and the
mandibular CNVII (red arrow). 1: zygomatic branch, 2: infraorbital nerve CNV2, 3: mandibular branch, 4: mental nerve CNV3, 5:
facial vein, 6: facial artery. This picture was obtained from our own dissections and was performed at the Area of Anatomy and
Human Embryology, Department of Morphology and Cell Biology, University of Oviedo, Spain.
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The enigma of the facial muscles proprioception

Although the neuroanatomy and the neurology of the facial muscles is actually well known,'! some
aspects of their neurobiology remain elusive, and proprioception is one such aspect.'"?%6! What is the
manner in which the proprioceptive stimuli that originated in facial muscles reaches the central
nervous system? At present, it is accepted that they are generated in CNV nerve fibers and reach the
mesencephalic nucleus of CNV to be processed.'?° This necessarily implies that the trigeminal sensory
nerve fibers receive proprioceptive inputs from the facial muscles, and surely, they travel along the
communications between CNV and CNVIL'®!%? Therefore, accurate knowledge of these communi-
cations is necessary to preserve these communications when performing a surgical or medical inter-
vention on the face as a disruption of these connections might alter facial muscle proprioception. These
communications have clinical significance for the recovery of damaged facial expression muscles,
treatment of hemi-facial spasm, and surgical procedures for facial reconstruction and neck dissec-
tion.>> Surgeons and esthetic doctors should be aware of these nerve communications, which are
important during facial reconstructive surgery, nerve transfer procedures, and minimally invasive
surgeries. Unfortunately, there are large individual and intra-individual (left vs. right sides of the face),
differences that make the identification of these nerve communications difficult; however, at least
those communications that are regarded as constant must be kept in mind when acting on the face. The
improvement of imaging methods®*%> will probably allow to localize these communications in a few
years.

Nevertheless, the facial muscles are devoid of proprioceptors, and therefore, facial movements lack
a conventional proprioceptive feedback system, which is only in part vicariate by cutaneous afferents.'!
According to Connor and Abbs,°! the sensory apparatus of the facial skin can serve the purposes of
proprioception because modifications of the facial skin during facial movements result in cutaneous
mechanoreceptor discharge. Mechanical forces cause the movement of skin and facial hair, which in
turn activate the trigeminal ganglion mechanosensitive neuronal fibers (low-threshold mechanore-
ceptors) that activate the skin or hair follicles.°® However, because facial muscles lack typical pro-
prioceptors'’ and the cutaneous facial mechanoreceptors are unable to substitute them
successfully,®'"%7 further research must be conducted to identify them. Surely, new knowledge of the
molecular events during the mechanotransduction®® 7% might contribute to solve this important
biological and clinical problem.
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