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The management of facial paralysis continues to evolve. Understanding the facial nerve
anatomy and the different methods of evaluating the degree of facial nerve injury are
crucial for successful management. When the facial nerve is transected, direct coapta-
tion leads to the best outcome, followed by interpositional nerve grafting. In cases
where motor end plates are still intact but a primary repair or graft is not feasible, a
nerve transfer should be employed. When complete muscle atrophy has occurred,
regional muscle transfer or free flap reconstruction is an option. When dynamic
reanimation cannot be undertaken, static procedures offer some benefit. Adjunctive
tools such as botulinum toxin injection and biofeedback can be helpful. Several new
treatment modalities lie on the horizon which hold potential to alter the current

= facial reanimation

= hypoglossal-facial
nerve transfer

= free tissue transfer

treatment algorithm.

Facial paralysis can be a devastating consequence resulting
from blunt and penetrating trauma to the head and neck, as
well as surgical injury, either accidental or due to involvement
by tumor. In addition, the etiology can be attributed to a
variety of other causes, ranging from infectious to metabolic
and is frequently idiopathic in nature. Treatment of the
injured intratemporal facial nerve is historically controver-
sial. Reanimation of the paralyzed face is an interesting and
frequently evolving field. In this review, we will discuss the
anatomy of the facial nerve, the etiology of facial nerve injury,
the management of the traumatized facial nerve, and the
assessment and treatment strategies for the patient suffering
from facial paralysis.

Anatomy

The course of the facial nerve is divided into six segments
(=Fig. 1). Originating within the pons in the facial nucleus,
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the motor fibers of cranial nerve VII are joined by those of the
nervus intermedius before entering the temporal bone
through the internal auditory meatus. The narrowest seg-
ment of the intratemporal facial nerve, the labyrinthine
segment, extends from the internal auditory meatus to the
geniculate ganglion, where the cell bodies of special visceral
afferent neurons carrying taste from the anterior two-thirds
of the tongue are located. It is at the geniculate where the
nervus intermedius joins the facial nerve proper, and
the greater superficial petrosal and lesser petrosal nerves
exit the facial nerve.

The tympanic segment of the nerve extends posteriorly
from the geniculate ganglion to the second genu, where the
facial nerve turns inferiorly, transitioning to the vertical or
mastoid segment. Bony dehiscence is most common in the
tympanic segment, in the area immediately adjacent to the
oval window. The nerve to the stapedius and the chorda
tympani can be found exiting the vertical segment. The nerve
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Fig. 1 Temporal bone anatomy and intratemporal facial nerve
segments.

exits the temporal bone through the stylomastoid foramen,
yielding the extratemporal portion of the nerve, which
proceeds to innervate all muscles of facial expression from
their deep surfaces except for the levator anguli oris, bucci-
nator, and mentalis, which are innervated from their super-
ficial aspects.1

Surgical landmarks that aid in identification of the main
trunk of the facial nerve are the tympanomastoid suture, the
tragal pointer, the posterior belly of the digastric muscle, and
the styloid process. The tympanomastoid suture line is locat-
ed approximately 6 to 8 mm lateral to the stylomastoid
foramen. The nerve lies inferior and medial to the tragal
pointer, and its depth can be approximated by that of the
posterior belly of the digastric muscle, lying lateral to the
styloid process.

The facial nerve then enters the parotid gland, where the
main trunk branches into the upper and lower divisions at the
pes anserinus (=Fig. 2). The nerve further divides into five
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Fig. 2 Extratemporal facial nerve branches (temporal, zygomatic,
buccal, marginal mandibular and cervical branches). Facial nerve
branches generally innervate deep to the facial muscles with the
exceptions of levator anguli oris, buccinators, and mentalis muscles.
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main branches: the temporal, zygomatic, buccal, marginal
mandibular, and cervical.

The temporal branch lies within the superficial muscular
aponeurotic system (SMAS) at the level of the zygomatic arch.
It usually consists of several branches rather than one lone
nerve, the anterior most of which can be approximated at a
point midway between the anterior aspect of the zygomatic
arch and the helical root.? The marginal mandibular branch
usually lies deep to the layer of the platysma and SMAS along
the body of the mandible, or within 1 to 2 cm of its inferior
border.

Etiology

Facial paralysis can result from a wide range of causes. A list of
causes can be found in =Table 1.

Consequences

Facial paralysis can result in significant disfigurement, having
severe implications for both the patient’s emotional and
physical well-being. Ophthalmologic consequences include
diminished effectiveness of lacrimation, brow ptosis, ectro-
pion, epiphora, and lagophthalmos. These may lead to corneal
damage from exposure keratopathy, potentially proceeding
to blindness or even globe rupture.>* Loss of muscular
support to the nasal valve may lead to nasal obstruction.
Ineffective contraction of the perioral musculature can result
in insufficient oral competence, poor swallowing function,
dysarthria, and ptyalism.”

Assessment

Precise characterization of facial nerve paralysis must be
accomplished to provide proper patient counseling regarding
prognosis and treatment. The House-Brackmann 6-point
scale of facial nerve function is the most commonly used
standardized tool for assessing the degree of facial weak-
ness.%” This scale is deficient, however, in terms of character-
izing facial paralysis localized to one particular facial
distribution. Other scales include the Terzis-Noah, Burres-
Fisch, Nottingham, and Sunnybrook.3-"

Careful assessment and documentation of facial nerve func-
tion should include a detailed description of the status of
motion of the upper, middle, and lower face. Special attention
should be paid to the eye not only in terms of eyelid closure,
lower lid laxity, and brow height but also to visual acuity,
presence of Bell phenomenon, and corneal irritation. Aside
from overall symmetry, other important functional consider-
ations include nasal valve collapse and oral competence.

Injury to the intratemporal portion of the facial nerve can
result in total facial paralysis, as well as dysgeusia. Damage to
the geniculate and proximal to this region can lead to
decreased lacrimation due to injury to the preganglionic
parasympathetic fibers that supply the lacrimal gland carried
in the greater superficial petrosal nerve. Damage to the nerve
proximal to the take-off of the nerve to the stapedius can
result in hyperacusis in the affected ear.
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Table 1 A review of medical literature (1900-1990), various causes of facial palsy

Birth

Pregnancy

Molding

Hypertension

Forceps delivery

Acute porphyria

Dystrophia myotonica

Vitamin A deficiency

Mobius syndrome (facial diplegia associated
with other cranial nerve deficits)

Neoplastic

Trauma

Benign lesions of parotid

Basal skull fractures

Cholesteatoma

Facial injuries

Seventh nerve tumor

Penetrating injury to middle ear

Glomus jugulare tumor

Altitude paralysis (barotrauma)

Leukemia

Scuba diving (barotrauma)

Meningioma

Lightning

Hemangioblastoma

Neurologic

Sarcoma

Opercular syndrome (cortical lesion in facial motor area)

Carcinoma (invading or metastatic)

Millard-Gubler syndrome (abducens palsy with
contralateral hemiplegia caused by lesion in base
of pons involving corticospinal tract)

Anomalous sigmoid sinus

Carotid artery aneurysm

Hemangioma of tympanum

Infection

Hydradenoma (external canal)

External otitis

Schwannoma

Otitis media Facial nerve tumor (cylindroma)
Mastoiditis Teratoma
Chickenpox Hand-Schuller-Christian disease

Herpes zoster (Ramsay Hunt syndrome)

Fibrous dysplasia

Encephalitis

Neurofibromatosis type 2

Poliomyelitis (type 1)

Toxic

Mumps

Mononucleosis

Thalidomide (Miehlke’s syndrome, cranial nerves VI and

VII with congenital malformed external ears, and deafness)

Leprosy

Ethylene glycol

Influenza

Alcoholism

Coxsackievirus

Arsenic intoxication

Malaria

Tetanus

Syphillis

Carbon monoxide

Scleroma

Diphtheria

Tuberculosis

latrogenic

Botulism

Mandibular block anesthesia

Acute hemorrhagic conjunctivitis (enterovirus 70)

Antitetanus serum

Gnathostomiasis

Vaccine treatment for rabies

Mucormycosis

Post immunization

Lyme disease

Mastoid surgery

Cat scratch

Parotid surgery

AIDS

Dental

Metabolic

Embolization

Diabetes mellitus

lontophoresis (local anesthesia)

Hyperthyroidism

Posttonsillectomy and adenoidectomy

(Continued)
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Table 1 (Continued)

Idiopathic

Autoimmune syndrome

Bell’s, familial

Amyloidosis

Temporal arteritis

Thrombotic thrombocytopenic purpura

Periarteritis nodosa

Multiple sclerosis

Gullain-Barre syndrome (ascending paralysis)

Myasthenia gravis

Osteopetrosis

Melkersson-Rosenthal syndrome (recurring Alternating
facial palsy, furrowed tongue, fasciolabial edema)

Hereditary hypertrophic neuropathy (Charcot-Marie-Tooth
disease, Déjérine-Sottas disease)

Sarcoidosis (Heerfordt syndrome-uveoparotid fever)

Nerve Function Testing

Electroneurography (ENog) and electromyography (EMG) are
the mainstays of facial nerve testing. ENog is an objective test
that measures evoked compound muscle action potentials
using skin electrodes. Nerve injury is expressed as percentage
of function relative to the normal side. When ENog is unde-
tectable, EMG testing can be attempted.

EMG measures voluntary muscle response with needle
electrodes placed in the target muscles that detect action
potentials during muscle contraction with a functioning
nerve. Muscle that has been denervated displays fibrillation
potentials, while muscle that is in the process of reinnerva-
tion demonstrates polyphasic potentials.'? Electrical silence
in a patient with long standing facial paralysis indicates
severe muscle atrophy and degradation of motor end plates.

Nerve conduction studies are best performed at least
10 days after injury to allow for Wallerian degeneration of
axons to occur to avoid confounding results.'> EMG cannot
reliably ascertain the severity of nerve injury before this
time.'214

Intratemporal Facial Nerve Trauma

Epidemiology and Classification

The facial nerve is affected in 7 to 10% of temporal bone
fractures.'~"” These injuries typically occur from falls, motor
vehicle accidents, and assault, as well penetrating trauma,
such as gunshot wounds. Temporal bone fractures are tradi-
tionally classified into longitudinal, transverse, or mixed
types, depending on their orientation relative to the petrous
ridge.’®1° New classification schemes designate temporal
bone fractures as violating or sparing the otic capsule and
may be more predictive of clinical outcomes.?®!
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Approximately 70 to 80% of fractures can be classified as
longitudinal, resulting from a temporoparietal impact; 10 to
30% transverse, resulting from an frontal or occipital injury;
and 0 to 20% are mixed in nature.’??3 Facial nerve involve-
ment is seen in anywhere from 10 to 25% of longitudinal
fractures and is more common in transverse fractures, occur-
ring in 38 to 50% of cases.?’-?*

Timing of Paralysis

When the facial nerve is involved, the ensuing paralysis is
immediate in 27% of cases and has a delayed presentation in
73% of patients.'® Most commonly, injury is localized to the
perigeniculate region or, less commonly, the second genu.'?
Paresis was noted in 23% of cases in Darrouzet’s series of 115
cases, immediate complete paralysis in approximately 51% of
cases, and delayed complete paralysis in approximately
15%."3 In this study, the onset of facial paralysis was indeter-
minate in approximately 11% of patients.

Surgical Indications

Immediate complete paralysis warrants surgical exploration.
Cases of complete paralysis in which the onset of paralysis is
indeterminate should be treated as immediate in nature.'31°
Delayed paralysis or incomplete paresis should be treated
medically, with high-dose steroids.'>2%24 A good prognosis
should be anticipated in these cases. In the studies by Dahiya
et al and Brodie and Thomson, 100% of patients with delayed
onset facial weakness that were selected for conservative
treatment recovered function to a House-Brackmann grade II
or better.'®-20

Surgery is indicated in immediate paralysis, when neural
degeneration of 90% or higher is noted on ENog.?*%° Surgical
decompression is generally performed through a middle
cranial fossa and transmastoid approach in the case of
serviceable hearing, or a translabrynthine approach in the
case of a dead ear. Some advocate exploration based on the
conditions earlier when ENog is performed within 6 days of
the onset of paralysis.?>?®~2® The theory behind surgical
intervention in these delayed cases is decompression of a
developing intraneural hematoma.'-?

While some authors hold the ENog finding of > 90% degen-
eration paramount in the decision to proceed to the operating
room,?* others utilize a combination of electrodiagnostics and
computed tomographic (CT) findings, especially if the timing of
paralysis is unknown.'>2%2% If a fracture involving the fallopian
canal cannot be demonstrated on CT, observation is warranted
for 6 to 12 months, with the hope of recovery.'>2%3% Still, others
rely on the presence of immediate, complete paralysis alone as a
trigger to surgically intervene.'®3

Operative Findings

When explored, most injured nerves demonstrate damage
due to impingement by bony spicules, contusion, stretch
trauma, intraneural hematoma, surrounding fibrosis, or crush
injury rather than complete transection.?’ In these cases,
decompression is performed, with incision of the perineural
sheath in the case of intraneural hematoma. Transection is
treated with primary neurorrhaphy using fine suture or fibrin
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glue, or an interpositional nerve graft when primary anasto-
mosis is not possible.31‘33 Patients who undergo surgery can
expect a House-Brackmann grade III or better after a 2-year
follow-up, with just under half of these patients demonstrat-
ing near normal function.'32°

Decompressive surgery is frequently delayed for reasons
including the treatment of life threatening injuries suffered in
the original trauma, referral delay, or poor neurological
status.?’ Operating on these patients in a delayed fashion is
reasonable, as this delay does not necessarily worsen their
prognosis, and surgery can still be of benefit even 3 months
following injury.zz'29

Idiopathic Facial Paralysis

The initial management of acute idiopathic facial paralysis, or
Bell palsy, traditionally consists of corticosteroids, antiviral
agents, observation, or surgical decompression. While there
is good evidence to support the use of prednisone in the acute
setting,>*73® the role of antiviral medications is far more
ambiguous.37 Surgical decompression of the intratemporal
facial nerve in the setting of acute idiopathic facial palsy has
been recommended when electrostimulatory testing dem-
onstrates a loss of more than 95% of nerve fibers before day 14
following injury, though the exact timing of decompression is
not clear.>%38 At present, there is insufficient data to provide a
sound recommendation regarding surgical decompression in
these cases, and the role of surgery remains controversial.>®

Facial Paralysis: Treatment Considerations

The treatment of facial paralysis must be tailored to the
individual patient, and the surgeon must select the appropri-
ate course of action based on the circumstances surrounding
nerve dysfunction.*® The etiology and severity of the paraly-
sis will obviously play a role in deciding whether treatment
should be aimed at long-term restoration of facial function, or
if temporary management is appropriate, either when nerve
recovery is expected, or as a means of bridging the interval
between a surgical reanimation and the onset of neural
conduction. Similarly, the duration of paralysis is of para-
mount importance in selecting treatment, as the complete
degradation of motor end plates after 2 years usually renders
reinnervation procedures futile.

The patient’s age and comorbidities factor into the decision
making process as well. Many of the surgical options for facial
reanimation are complex, lengthy operations, ill suited for
elderly and frail individuals, who are unlikely to tolerate such
procedures without a high risk of perioperative morbidity.
Finally, the expectations and goals of the patient must be
reconciled with those of the surgeon to ensure that appropri-
ate care is given.

The goal of treatment is the restoration of symmetry in all
three facial zones; upper, middle, and lower face. This is
accomplished through modifying either the affected side, the
contralateral, normal side of the face, or both.

Generally speaking, surgical options for the treatment of
facial paralysis consist of primary neurorrhaphy, interposi-
tional nerve grafting, nerve transfers, muscle transfers, free-
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tissue flaps with micro-neurovascular anastomosis, and static
slings, weights, and tissue rearrangement. Primary nerve
repair should be performed whenever possible, with the
exception to this being long standing facial paralysis with
degeneration of motor end plates.*’

In cases of immediate injury due to penetrating trauma in
the intraparotid region, surgical exploration should be un-
dertaken. The wound should be copiously irrigated and
appropriate antibiotics should be administered. The proximal
and distal portions of the nerve must be identified. The use of
an electric nerve stimulator can be useful in identification of
distal branches. Ragged edges should be freshened and the
neurorrhaphy performed. If there is insufficient length of
nerve for primary repair, an interpositional graft from the
great auricular nerve, sural nerve, or other suitable donor
nerve should be performed.

The section that follows will delineate treatment options
for facial paralysis according to each anatomic region.

Upper Face
Management of the upper third of the face centers around the
protection of the eye, and the restoration of brow symmetry.

Eye
The primary goal in addressing the eye in facial paralysis is the
preservation of vision. Exposure keratopathy can be avoided
initially by instituting supportive measures, such as the use of
lubricating eyedrops, and ointment. Botulinum toxin can be
injected into Muller muscle and the levator palpebrae supe-
rioris to counteract lagophthalmos in a temporary fashion.*42
In a similar approach, hyaluronic acid may also be injected
into the upper lid in a plane superficial to the levator
aponeurosis and tarsal plate to promote eye closure.3

The implantation of a static weight to load the upper lid and
achieve eye closure has been successfully performed, since the
1960s (~Fig. 3).** Gold weight implantation in conjunction with
lateral tarsorrhaphy has been shown to generate complete eye
closure in 83% of patients after one procedure.*® In this report by
Tan, 14% of patients required a revision procedure to optimize
their lid weight, with two cases being malpositioned or infected.
Platinum may confer a greater benefit than gold due to the
higher density and superior biocompatibility of platinum.* One
review of 100 patients receiving thin profile upper lid implants
demonstrated a reduction in capsule formation and extrusion
compared with gold.*®

The development of ectropion in patients with facial
paralysis contributes to exposure Kkeratitis by leading to
corneal desiccation through worsened lagophthalmos and
lacrimal dysfunction.*”* The position of the lower lid should
be assessed, noting any widening of the lid aperture. Lateral
ectropion can be surgically addressed by a lateral tarsal strip
procedure or a lateral transorbital canthopexy, while laxity in
the medial portion of the lower lid can be corrected by
performing a transcutaneous, transcaruncular, or precarun-
cular medial canthopexy. Decreased morbidity has been
noted with the medial canthopexy.*%->

Dynamic reanimation of the eye may be accomplished by
nerve transfers, such as cross-facial nerve grafting (CFNG),
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Fig. 3 Demonstration of gold/platinum weight being secured to
upper eyelid tarsus.

hypoglossal nerve transfer, and direct orbicularis oculi neu-
rotization, or by muscle transfer procedures, borrowing from
the frontalis, temporalis, or free muscle flaps.>'~>3 Evidence
suggests that better results are obtained with nerve transfer
procedures, rather than by using muscle transfers.”>

Brow

Brow ptosis leads to cosmetic deformity as well as functional
derangements by exacerbating dermatochalasis, thereby en-
croaching upon the upper visual field. This can be successfully
mitigated with surgical brow elevation.’* Techniques include
various open brow approaches, as well as the endoscopic
method. While both can achieve similar degrees of brow
elevation,”® the endoscopic lift has the advantage of less
sensory disturbance, alopecia, and a faster recovery.”® Better
results can be attained using adjunctive procedures to address
hyperactivity seen on the contralateral side of the brow.>’

Midface

Treatment of the midface aims to alleviate the obstruction of
the nasal airway and to counteract the forces of gravity on the
malar soft tissues.

Cheek
Paralysis of the midface is of concern, mainly as it relates to
nasal valve stenosis and the exacerbation of ectropion by
dependent stretching of the canthal ligaments. Surgical pro-
cedures to counteract this are aimed at lifting the soft tissues
of the middle and lower face. The extended minimal access
cranial suspension lift, described by Verpaele et al, is a simple
technique that was designed to improve the aging neck and
lower two-thirds of the face.’® While it bolsters the support of
the lower lid by lifting the midface, it can lead to a redundancy
of lower lid skin. In the study by Elner et al, mobilization of the
suborbicularis oculi fat and periosteum was performed to
provide midfacial lifting and to minimize ectropion.”®

Chan and Byrne describe the difference between patients
with a neutral vector, where a line dropped vertically from
the anterior edge of the lower lid contacts the malar skin, and
those with a negative vector, where the malar skin lies
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posterior to the coronal plane of the lower 1id.°® These
authors note that patients with a negative vector are likely
to require more extensive measures to prevent ectropion,
such as a midface lift, than patients with a neutral vector, who
may be correctable with a tarsal strip procedure.

Nose

Symptomatic stenosis of the nasal valve can be easily cor-
rected with suturing techniques, though there are concerns
that the benefits of these procedures may be temporary.®'-62
Alex and Nguyen described a minimally invasive suture
suspension targeted at the mid and lower face that served
to improve the nasal airway, verbal articulation, cosmesis,
and oral sphincter competence.63 A percutaneously placed
Gore-Tex sling to suspend the nasolabial fold demonstrated
comparable improvements.®*

Other procedures have shown benefit in terms of their
ability to improve nasal breathing. While clearly improving
facial symmetry, rhytidectomy has the potential to augment
the nasal airway as well.®>% Finally, functional septorhino-
plasty may be of benefit in select patients with facial paralysis
who complain of nasal obstruction, though this may be due to
preexisting nasal-septal deformity, or nasal valve collapse.

Lower Face
Disability in the lower face resulting from facial paralysis
consists mainly of oral incompetence, manifesting as ptya-
lism, and difficulty with eating and drinking, poor articula-
tion, and loss of smile and expressivity. Static slings,
suspended from the zygomatic arch or deep temporal fascia
to support the oral commissure and upper lip, lead to the
elevation of these structures and the recreation of the naso-
labial fold (~Fig. 4).%” Such slings can be constructed from
fascia lata, Gore-Tex, or Alloderm (LifeCell Corporation,
Bridgewater, NJ),°® and are most favorable in patients with
long-standing paralysis, extensive medical comorbidities,
and those who are otherwise poor-operative candidates.
Facial lifting procedures mentioned earlier, such as the
extended minimal access cranial suspension can serve a
similar purpose. Lower lip reanimation can also be accom-
plished by means of a Palmaris longus tendon transfer, which
is easily performed in the outpatient setting.®

Primary Neurorrhaphy

The decision to perform a dynamic reconstruction over static
repositioning hinges mainly on the timeframe of the paraly-
sis. For acute traumatic injuries, such as iatrogenic nerve
sectioning or penetrating wounds, primary repair of the
nerve renders the best outcome.*! The best results are
accomplished with a tension-free coaptation,70 as tension
on the neurorrhaphy seems to diminish perfusion and neural
regeneration.”! An interpositional nerve graft should be used
when primary repair is not feasible. Common donor sites
include the great auricular or sural nerves. Coaptation of the
nerve at a site more proximal than the stylomastoid foramen
should be avoided, when possible, as the arrangement of
nerve fibers in this region is less favorable and can lead to
greater synkinesis.”>’3
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Fig. 4 An inferior displacement of the affected oral commissure, oral incompetence, upper and lower lip asymmetry are commonly seen with
facial paralysis. Upper lip philtral ridge is also commonly displaced to the unaffected side. Static suspension of lower lip can be used to address
gross lip asymmetry, drooling and oral incompetence. Fascia lata, Gore-Tex and Alloderm can be used to suspend in a superoposterior vector as

seen in the right image.

Cross-Facial Nerve Graft

When primary repair or interpositional nerve grafting are not
feasible, nerve transfers represent the next rung on the ladder
of facial reanimation in cases less than 2 years out from injury.
The CENG, first introduced by Scaramella,”* relies on periph-
eral branches of the contralateral, intact facial nerve to
innervate corresponding areas of the paralyzed hemiface to
produce spontaneous and purposeful facial movement. Use of
the CFNG is limited to cases in which nerve injury has
occurred within 2 years, before the facial musculature has
atrophied, and while motor end plates remain intact.

Criticism of the CFNG revolves around its unpredictabili-
ty,”> due to the long distance axons must travel to their
targets, while the muscles continue to atrophy. To combat
this, the “babysitter” procedure, described by Terzis and
Konofaos, has been recommended when the CFNG is per-
formed on patients who suffered their nerve injury greater
than 6 months before surgery. The theory behind this tech-
nique states that a partial hypoglossal nerve transfer accom-
plished in the same setting as the CFNG will provide more
rapid neural input, preventing loss of motor end plates while
the CFNG matures.*’

The “babysitter” procedure, studied in 20 patients with
facial paralysis, resulted in full contraction and symmetrical
smile in 10% of patients, and a near symmetrical smile in
65%.”® The CFNG does carry the risk of disrupting the non-
paralyzed donor facial nerve, though this can be mitigated by
mapping the nerve and transferring nondominant
branches.”’

Nerve Transposition

When transfer of the contralateral facial nerve is not an
option, ipsilateral transfer of hypoglossal, masseteric, spinal
accessory, ansa cervicalis, recurrent laryngeal, and phrenic
motor nerve fibers is possible. Hypoglossal nerve transfer is
the most commonly described, followed by the masseter

motor nerve. While the hypoglossal nerve transfer historical-
ly entails its complete transection,’® modification of this
technique with transfer of 50% of the hypoglossal nerve fibers
provides similar outcomes, but with less tongue weakness
and swallowing dysfunction.”®-°

The modern-day hypoglossal nerve transfer provides re-
animation to a House-Brackmann grade II of VI, yielding
spontaneous motion with resting facial symmetry
(~Fig. 5).>7° Either the superior or inferior half of the nerve
can be transferred with similar results.! Success has also
been shown in hypoglossal nerve transfers performed for
facial nucleus palsy.8?

The masseter nerve represents a good candidate for nerve
transfer due to its good size match, length, easy dissection,
and minimal impact on masticatory function when dissected
intramuscularly to a distal segment.® Transfer of the masse-
ter nerve has been shown to result in a more rapid return of
facial function compared with hypoglossal transfer with
nerve grafting.® Faria et al studied 10 patients who under-
went masseter nerve transfer, and observed the return of
voluntary symmetrical smiling in 90% of cases.®> The obser-
vation of physiologic activity of the masseter during sponta-
neous smile lends additional strength to its candidacy as a
workhorse donor for nerve transfer procedures.®®

The nerve to the masseter can be reliably found approxi-
mately 3 cm anterior to the tragus, approximately 1 cm
inferior to the zygomatic arch, and approximately 1.5 cm
deep to the SMAS.®” Another method of locating the nerve
uses the “subzygomatic triangle,” which is formed from the
zygomatic arch, the temporomandibular joint, and the course
of the frontal branch of the facial nerve.®® The authors of this
cadaveric study who described the triangle were able to
identify the nerve in an average time of 10.2 minutes.
Dissection is not without risk, however, as any functioning
upper branches of the facial nerve can be potentially
injured.®
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Fig. 5 Split hypoglossal nerve to facial nerve transfer. Either superior or inferior half of the hypoglossal nerve can be transferred. Less tongue
morbidity is noted with this technique compared to classic hypoglossal nerve to facial nerve transfer in which the entire hypoglossal nerve is

transferred.

Combination reinnervation procedures to provide sepa-
rate neural input to the upper and lower face have been
described as well. In a case of radical parotidectomy, Volk et al
used an interpositional nerve graft of the great auricular
nerve to restore continuity of the proximal facial nerve to the
distal upper facial branches, and a simultaneous hypoglossal
facial nerve interpositional jump graft technique (instead of
classic cross-nerve suturing technique) to the lower distal
facial nerve branches.® This strategy demonstrated no syn-
kinesis between the upper and lower facial branches and no
significant tongue morbidity.

Regional Muscle Transfer
Dynamic muscle transfer can be performed by transposing
regional muscle or by free muscle flap transfer. The mainstay
of regional muscle transposition is the temporalis muscle
transfer, originally described for lower facial reanimation,
involving rotation of the temporalis over the zygomatic arch
and anchoring it to the oral commissure. Unfortunately,
several untoward effects are common, such as bulkiness in
the region of the zygomatic arch, depression of the temple,
chronic temporomandibular joint dysfunction, and a lack of
orthodromic muscle contraction.”?°1-%2

An improvement on the temporalis muscle transfer is the
temporalis tendon transfer, initially developed by McLaugh-
lin® and further developed by Labbe and Huault>* The
technique involves removing the temporalis tendon from its
insertion on the coronoid process of the mandible and reat-
taching it to the oral commissure through a transbuccal or
nasolabial fold incision (~Fig. 6).>> A modification of the
procedure involves removal of the coronoid process, through
which fascia lata can be passed and then anchored to the facial
musculature.®® Transfer of the tendon avoids excess tissue
density in the region of the zygomatic arch, excessive temple
depression, and renders a high degree of patient satisfaction.®”
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Masseter muscle transposition is thought to be less ad-
vantageous than the use of temporalis tendon due to the
limited range of tissue rotation and subsequent masticatory
difficulties. A cadaver study suggested the use of a partial
masseter transfer, as the dissection of six cadavers revealed a
favorable branching pattern of the masseter nerve, with each
branch traveling in concert with a vessel pair, creating a
neurovascular pedicle on which a partial muscle transposi-
tion can be based.”®

Other options for local muscle transposition include the
anterior belly of the digastrics muscle for depressor anguli
oris and depressor labii inferioris paralysis. Attachment of the
anterior digastric to these target muscles serves to restore
depressor function and oppose action of the lip elevators,
rendering a more symmetric smile.>>?

Free-Tissue Transfer
Free-tissue transfer was first developed for facial reanimation
by Harii et al, using a gracilis free flap.’® A two-stage proce-
dure is described'® in which a CENG is performed until a
positive Tinel test can be elicited in the paralyzed nasolabial
fold, usually 4 to 6 months following surgery. The free muscle
flap is placed at this point, with coaptation of the flap’s motor
nerve to the distal portion of the CFNG. Fifty percent of
patients in Chuang group had a satisfactory result, but revi-
sion procedures were frequently needed to enhance the
result.'%°

Single-staged free-tissue transfer can be accomplished
using a latissimus dorsi free flap with immediate coaptation
of the thoracodorsal nerve to the contralateral facial nerve.
Using this procedure, 72% of patients in a 33 patient cohort
showed at least symmetry at rest.'®! A larger study of 351
single-stage latissimus dorsi transfers demonstrated identifi-
able muscle contraction in 87% of cases, with an average time
to onset of 6.48 months.'?2
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Fig. 6 Dynamic temporalis muscle transfer can be performed by releasing the temporalis muscle tendon from the coronoid process using either a
transcutaneous approach (as seen in the diagram) or a transoral approach. Once the temporalis tendon is released from the coronoid process, it
can be secured to paralyzed oral commissure. This technique avoids excess tissue bulk noted over the zygomatic arch and temporal hallowing that

can result from classic temporalis muscle transfer technique.

Single-stage gracilis free flap reanimation procedures have
been described as well, with innervation to the ipsilateral
masseter nerve.'%3104 A comparison between 40 patients
receiving single-stage latissimus dorsi free flaps innervated
by the contralateral facial nerve and 10 patients undergoing
single-stage gracilis flaps coapted to the ipsilateral masseter
nerve was performed by Biglioli et al.'® The authors noted
voluntary and spontaneous smiling in 92.5% of latissimus
flaps, whereas the gracilis group demonstrated spontaneous
smile in only 10%. Evidence supporting free gracilis flaps
innervated by the masseter nerve has shown that this tech-
nique leads to greater dynamic displacement of the oral
commissure, as well as increased contraction velocity com-
pared with those innervated by CENG techniques.'%®

Selection of Neural Input

It is not surprising that use of the contralateral facial nerve
seems to provide superior spontaneous emotional expressiv-
ity over the masseter nerve and this finding has been corrob-
orated.'9” As mentioned earlier, there is evidence that the
masseter has some physiologic activity during spontaneous
smile,%® and spontaneous activity can be found in free muscle
flaps supplied by the masseter nerve.'%® Therefore, it is
recommended by some authors that the masseter nerve be

relegated to salvage cases, after a prior, failed unilateral
reanimation based on a CFNG to a gracilis flap, or a single-
stage latissimus flap.'%%110

Double innervations have been performed as well. Biglioli
et al implemented gracilis free flaps that were coapted to both
the ipsilateral masseter nerve and the contralateral facial
nerve simultaneously.'"" This technique provided voluntary
flap contraction at 3.8 months postoperatively, and sponta-
neous contraction at 7.2 months.

In addition to the gracilis and latissimus dorsi, the pectoralis
minor muscle has been used for free-tissue transfer, in the
setting of facial paralysis, with good results.''? Another option
is the free abductor hallucis muscle, which was studied in 45
patients.’'3 All muscle flaps demonstrated contractile activity,
as measured on EMG, 6 months after surgery. After 2 years,
when graded with the Toronto Facial Grading System and the
Facial Nerve Function Index, the affected side demonstrated
statistically significant improvements. Complications occurred
in 9.8% of patients, consisting of one total flap loss (2.2%),
suboptimal flap function due to postoperative infection or
hematoma (4.4%) and a hypertrophic scar formation (2.2%).
Donor nerves included buccal branches of the contralateral
facial nerve or the mylohyoid branch of the ipsilateral trigemi-
nal nerve, with a faster onset of muscle activity in patients with
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flaps innervated by the mylohyoid nerve. Donor site morbid-
ities include partial loss of abduction function of the big toe
and medial donor foot numbness. Normal daily walking was
achieved by 3 months after surgery.

Another potential option from the lower extremity is the
extensor digitorum brevis muscle. A cadaveric study exam-
ined the neurovascular supply to this muscle to assess its
potential for transfer as a free muscle flap for facial reanima-
tion.'" The conclusions drawn were that the muscle could be
useful in restoring eyelid function, as well as that of the nasal
ala and upper lip with the distal tendon of the extensor
digitorum brevis, which splits into four branches. Further-
more, it has a long vascular pedicle based on the dorsalis pedis
artery and it is not bulky.

More complex reconstructive efforts are described as well,
including the simultaneous use of an anterolateral thigh free
flap and a temporalis tendon transfer after radical parotidec-
tomy.'"> The thigh flap was used to provide contour and
volume, while the temporalis tendon transfer was performed
with the aid of fascia lata harvested from the thigh, to support
the lower lip. In addition, cable grafts were taken from the
motor nerve to the vastus lateralis to graft the facial nerve
branches in an interpositional fashion.

Bilateral Paralysis

Cases of bilateral facial nerve paralysis carry with them the
additional challenge of having no functional facial nerve from
which to supply innervation. In addition to using the masse-
ter nerve for bilateral simultaneous gracilis transfers,''®11”
end-to-side anastomosis between the hypoglossal nerve and
the motor branch to the gracilis has been used on bilateral
sides of the face in this situation.''® The spinal accessory
nerve can be used for simultaneous bilateral gracilis-based
free-tissue reanimation as well.'"®

Nonoperative Therapy

Options for the rehabilitation of patients suffering from
facial paralysis who cannot undergo or do not desire
surgery do exist. Physical therapy, in the form of neuro-
muscular facial retraining can be performed utilizing tech-
niques such as biofeedback, where a patient practices with
the assistance of a mirror or an EMG device,'2° with both
strategies performing with comparable success.'?! A re-
view of 160 patients with facial paralysis who underwent
therapy with alternative techniques, such as biofeedback,
massage, and meditation demonstrated improvement in
patients’ scores on a facial grading scale that were durable
with continued treatment.!%?

In addition, the injection of botulinum toxin A has been
used to combat synkinesis in facial paralysis patients, and has
been shown to improve patients’ quality of life scores.'?
Low-dose botulinum toxin injection in 11 patients success-
fully eliminated synkinesis in 7 cases, after no more than 3
applications, though long-term follow-up was lacking.'??
Botulinum toxin can also be injected into the normal side
of the face, weakening it, while simultaneously strengthening
the paralyzed half, thereby improving symmetry as an ad-
junct to unsuccessful prior surgical therapy.'?* Some benefi-

Craniomaxillofacial Trauma and Reconstruction  Vol. 8 No. 1/2015

cial effects were noted to persist at 6 months even after the
pharmacologic effects of the toxin had run their course.

Future Developments

Future directions for management of the paralyzed face
include the use of nerve conduits to aid in guiding axonal
growth to the desired target muscle. Artificial nerve graft
channels can be manufactured from a wide range of materi-
als, both biological and synthetic in origin, such as silicone,
polyamide, collagen, and polylactide, with biodegradable
polymers having the advantage of absorption without a
remnant foreign body. Current trends in nerve conduit engi-
neering are geared toward designing channels that can
engage in biochemical signaling and create a scaffold for
neurogenesis, directing axonal growth through cell binding
domains and the release of neurotrophic factors while sup-
porting the adhesion of glial cells.'2>126

The development of an implantable, dynamic, artificial
muscle may represent a future option for facial reanimation.
An electroactive polymer artificial muscle, constructed from
silicone, was studied in a gerbil model, where implants were
stimulated electrically, for several weeks, successfully creat-
ing motion. While significant further research is needed, the
artificial muscle implant was well tolerated, without appre-
ciable inflammation or adverse effect.'?’”

Other research in prosthetic facial reanimation has been
directed toward providing a system, triggered by the non-
paralyzed hemiface, and modulated by a processor, that can
deliver electrical stimulation to denervated facial muscula-
ture via an electrode array, thereby eliciting contraction and
preventing muscle atrophy.'?® There is some encouraging
evidence to suggest that electrical stimulation may even be
able to reverse some of the changes seen in chronic muscle
denervation.'?° Others have considered using a low-powered
electrode array to maintain muscle density, in a “babysitter”
role, in cases where spontaneous recovery is anticipated.128

Conclusion

The management of facial paralysis continues to evolve.
When the nerve is transected, direct coaptation leads to
the best outcome, followed by interpositional nerve grafting.
In cases where motor end plates are still intact but a primary
repair or graft is not feasible, a nerve transfer should be
employed. When complete muscle atrophy has occurred,
regional muscle transfer or free flap reconstruction is an
option. When dynamic reanimation cannot be undertaken,
static procedures offer some benefit. Adjunctive tools such as
botulinum toxin injection and biofeedback can be helpful.
Several new treatment modalities lie on the horizon which
hold potential to alter the current treatment algorithm.
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