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“The facial expressions of human beings fascinate me because they convey both the 
lowest, most bestial pleasures and the strongest and gentlest emotions of the 
spirit.”—Sir Charles Bells (1774–1842)

Facial paralysis is a devastating condition, which substantially affects a 
patient’s quality of life. The face is one of the most visible parts of the body, 
and facial expressions are critical in human communication, social interac-
tion, and self-esteem. Injuries to the facial nerve have important functional 
consequences, such as corneal damage from the impariment of blinking and 
the derangement of speaking and eating from the loss of oral continence.

Facial paralysis is a fascinating and dynamic field, full of constant innova-
tions, with a vast variety of surgical approaches and techniques. Reanimation 
of the paralyzed face is considered by many to be one of the most challenging 
endeavors in reconstructive surgery, as it requires knowledge of multiple 
complex surgical techniques and disciplines, such as peripheral nerve sur-
gery, microvascular surgery, and aesthetic facial surgery. As reconstructive 
surgeons with interest in facial palsy, we are passionate and enthusiastic 
about new technical innovations and surgical approaches to improve the qual-
ity of life of patients with paralyzed faces. Success in providing the best clini-
cal outcomes in the rapidly changing field of facial reanimation relies on 
multidisciplinary collaborations. In this book, we wanted to honor our pre-
cious multidisciplinary collaborations and bring up all aspects of therapies by 
including experts from various disciplines and specialties.

This work, Facial Palsy: Techniques for Reanimation of the Paralyzed 
Face, is a collaborative effort among international experts aiming to provide 
the most comprehensive and detailed overview of the most pertinent surgical 
procedures, including a wide spectrum of innovative and cutting-edge 
approaches and an up-to-date guide to every aspect of reanimating the 
paralyzed face.

This book is structured in six parts and 38 chapters. The first part focuses 
on general principles in facial paralysis, including diagnosis, nonsurgical 
treatments, and documentation of patient outcomes. The second part is related 
to facial nerve anatomy and reconstruction techniques, including nerve repair, 
nerve grafts, vascularized nerves, and nerve transfers. The third and fourth 
parts address the surgical management of long-standing facial palsy, includ-
ing smile reanimation techniques and rehabilitation of the paretic eye. The 
fifth part relates to symmetrization of the paralyzed face and ancillary proce-
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dures. The sixth and final part focuses on current new frontiers and innova-
tions in reconstructing the paralyzed face.

We are deeply grateful to all authors who devoted an enormous amount of 
time to this comprehensive coverage of current state-of-the-art knowledge. 
Your time is a most precious gift—to this book, to the medical society, and to 
our patients—a gift that can never be returned. Thank you! Moreover, we 
heartily thank the Springer Nature team—von Behrens Inga, Sasirekka 
Nijanthan, Martina Himberger, and Daniela Heller—for their continuous pro-
fessional assistance throughout this project.

Andrés: I would like to dedicate this book to my mentors throughout my 
career: my first chief and mentor, Dr. Francisco Martelo, for introducing me 
to plastic surgery; Dr. Pedro Cavadas for showing me what is possible in 
reconstructive microsurgery; Professor Fu-Chan Wei, for your example of 
leadership and excellence; and Professor David Chuang, for encouraging me 
and inspiring me to go into the fascinating field of facial paralysis. I also 
dedicate this book to my wonderful wife, Debora, and my daughters, Nadia 
and Olivia, for your endless love, support, and patience. You are the biggest 
success of my life.

John: I dedicate this book and offer my deepest gratitude to my mentors: 
Professor Manfred Frey, who introduced me to his beloved field of the reani-
mation of the paralyzed face; Professor Rafael Leopold Walzer, for showing 
me amazing and exciting insights in your trick box of plastic and reconstruc-
tive microsurgery; Professor Thomas Rath, for globally broadening my view 
of plastic surgery; Professor Fu-Chan Wei, for your care, leadership, and 
excellence; and Professor David Chuang, for your amazing inspirations to 
think outside the box. Moreover, I dedicate this book to my family for your 
unfailingly support, endless love, and everlasting belief in me.

Last but not least, we would like to express our most sincere gratitude to 
all patients who have made this book possible by sharing and permitting the 
publications of photographs related to their treatments. You are a true source 
of inspiration for all of us.

It is an honor to serve you.
With us, reconstructive surgery has not been a purpose, but a passion.

Uppsala, Sweden Andrés Rodríguez-Lorenzo  
Vienna, Austria  Chieh-Han John Tzou   
2020
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Facial Paralysis: Etiology, 
Diagnosis, and Medical Treatment

Lars Jonsson

1.1  The Facial Nerve

The main portion of the facial nerve, cranial 
nerve VII (CN VII), consists of motor fibers 
innervating the facial musculature for voluntary 
and involuntary emotional movements. This is its 
most important function. The nerve also carries 
motor fibers to the stapedius, posterior auricular, 
occipital belly of occipitofrontalis, posterior belly 
of the digastric and stylohyoid muscles. It also 
comprises parasympathetic and sensory compo-
nents that are carried by the intermediate nerve of 
Wrisberg. The long and inextricable motor path-
way of the facial nerve from the cortical region 
through the brain, brain stem, temporal bone, 
and parotid gland to the facial muscles makes 
it susceptible to injury and disease. Depending 
on the location of injury and origin of disease, 
facial nerve disorders will present differently in 
the clinic. Knowledge of nerve anatomy as well 
as clinical signs of diseases affecting the nerve 
is thus essential in diagnosing and treating facial 
nerve dysfunction. This chapter reviews the more 
common causes of facial paralysis and discusses 
relevant early medical treatment strategies.

1.2  Facial Nerve Pathways

The control of facial muscle movements has a 
complicated and spread central neural represen-
tation. Movements are dually controlled, volun-
tary and/or involuntary emotional. There are at 
least five bilateral cortical representations that 
project to the four paired facial subnuclei in the 
pons—these subnuclei selectively innervate vari-
ous facial muscle groups. The primary motor cor-
tex (M1) and the ventral lateral premotor cortex 
on the lateral side and the supplementary motor 
region (M2) on the medial aspect of each hemi-
sphere are important for the facial voluntary 
control. The rostral (M3) and caudal cingulate 
cortex (M4) on the medial side of the hemi-
spheres receive information from the limbic sys-
tem and are essential for involuntary emotional 
facial movements, for overview see Müri [1]. The 
central innervation of the upper facial muscles is 
bilateral while the regulation of the lower part of 
the face mainly is contralateral. One vital clinical 
sign is therefore the preservation of forehead and 
eye closure function in a central (contralateral) 
lesion contrary to the reduced tone and weak-
ness seen in these muscles on the affected side 
of a peripheral facial lesion  (Figs. 1.1 and 1.2). 
A central (supranuclear) facial injury is often 
accompanied by tongue weakness and hemipare-
sis starting with thumb, finger, and hand move-
ments on the ipsilateral side to facial paralysis 
due to the close relation of these motor centers in 

L. Jonsson (*) 
Department of Surgical Sciences, 
Otorhinolaryngology and Head and Neck Surgery, 
Uppsala University, Uppsala, Sweden

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50784-8_1&domain=pdf
https://doi.org/10.1007/978-3-030-50784-8_1#DOI


4

the cortex and internal capsule. Signs and appear-
ance of central and peripheral facial palsy (Bell’s 
palsy) are illustrated in Table 1.1. From a clinical 
viewpoint, the disparity of the central pathways 
between the voluntary corticofacial projections 
and involuntary emotional projections explains 
why emotional responses are intact (except for 
cases of severe unilateral brain damage) in upper 
motor neuron (supranuclear) facial paralysis 
affecting the corticobulbar tract responsible for 
voluntary facial movements.

A lesion affecting the pontine facial motor 
nucleus and/or the facial nerve peripheral to the 
nucleus usually affects both the upper and lower 
facial muscles. If the peripheral facial palsy origi-
nates from a central lesion of the nucleus or fasci-
cle, other signs from nearby structures most often 
will be present. The palsy is usually accompanied 
by other nearby neurological signs with gaze 
palsy/internal strabismus on the side of facial 
paralysis, plus contralateral hemiparesis, ataxia, 
and cerebellovestibular signs [2]. Preservation of 
the forehead, which is a sign of a central (supra-
nuclear) lesion, may, however, appear with a 
selective lesion in the nucleus as well as intra- or 
extratemporal portion of the facial nerve.

Before the facial nerve emerges from the pons, 
fibers loop around the nuclei of CN VI (abducens 
nerve). The nerve accompanies the CN VIII (ves-
tibulocochlear nerve) in the cisternal and audi-
tory internal meatus pathways. After entering its 
own bony canal (the fallopian canal in the tempo-
ral bone), the nerve makes two bends and divides 
in labyrinthine, horizontal tympanic, and vertical 
mastoid segments before leaving the skull base 
through the stylomastoid foramen. The laby-
rinthine portion ends at the geniculate ganglion 
where the nerve makes its first external bend. At 
this point, the greater petrosal nerve exits with 
parasympathetic motor fibers to the sphenopala-
tine ganglion and supply the lacrimal, nasal and 
palatinal glands. In the horizontal tympanic por-
tion, a second nerve branch exits for the stapedial 
muscle, which protects the inner ear from loud 
noise. In the vertical mastoid segment, visceral 
branches forming the chorda tympany provide 
submandibular and sublingual gland innervation 
as well as taste to the anterior two-thirds of the 
tongue  (Fig. 1.3).

Fig. 1.1 Central facial paralysis on the right side. Central 
lesion on the left side and contralateral (right) lower facial 
musculature affected (drooping corner of the mouth and 
less pronounced nasolabial fold). Upper facial muscula-
ture (eye and forehead) unaffected

Fig. 1.2 Left-sided peripheral facial paralysis. Ipsilateral 
lower and upper facial musculature affected with drooping 
corner of the mouth, less pronounced nasolabial fold, lagoph-
thalmos/wide eye and less pronounced forehead wrinkles. 
Published with oral and written permission from the patient

L. Jonsson
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Table 1.1 Characteristics of central and peripheral facial palsy (Bell’s palsy)

Central Peripheral facial palsy
Forehead wrinkle Normal Weakened/flaccid
Eye closure Normal Lagophthalmos/wide eye
Nasolabial fold/oral commissure Less pronounced/drooping Less pronounced/drooping
Onset Rapid (seconds to minutes) Hours to 2–3 days
Associated symptoms Weakness arm/leg, slurred speech, double vision, 

ataxia vertigo (cerebellovestibular symptoms), 
problems swallowing

Periauricular and/or neck 
pain, hyperacusis, taste 
disturbance, reduced tearing

Age (years) > 60 20–60

Occipitalis
muscle

Nucleus
solitarius

(rostral
gustatory

portion)

Superior
salivatory

nucleus

Spinal nucleus of
trigeminal nerve

Internal acoustic
meatus

1

2

3

6

4
5

Geniculate ganglia

Nerve to stapedius

Stylomastoid foramen

Petrotympanic fissure
and chorda tympani nerve

Posterior belty of digastric
muscle

Stylohyoid muscle

Piatysma muscle

Submandibular ganglion

Submandibular
gland

Subtingual
gland

Buccinator
muscle

Anterior
2/3rds of tongue
Anterior
2/3rds of tongue

Orbicularis
oris muscle

to oral and pharngeal
mucosal glands

to nasal
mucosal
glands

from the
soft palette

Lacrimal
gland

Orbicularis
oculi muscle

Frontalis
muscle

Pterygopalatine
ganglion

Foramen
lacerum

Greater petrosal
foramen and nerve

Motor nucleus
of CN VII

MAJOR BRANCHES:
1. Temporal nerve
2. Zygomatic nerve
3. Buccal nerve
4. Mandibular nerve
5. Cervical nerve
6. Posterior auricular nerve

Fig. 1.3 Overview of the facial nerve components (parotid gland removed). (By permission from Cranial Nerves 3rd 
Ed. © 2010 Wilson-Pauwels, Stewart, Akesson, Spacey, PMPH-USA)
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In the internal auditory canal, the facial nerve 
is accompanied by the intermediate nerve of 
Wrisberg, which contains sensory and parasym-
pathetic fibers. Sensation of the external auditory 
canal, pinna, mastoid, and palate mucosa is car-
ried by afferent fibers, as is taste in the anterior 
two-thirds of the tongue. The parasympathetic 
fibers emerge in the superior salivatory nucleus 
while taste fibers end in the nucleus of tractus 
solitarius. The sensory afferent fibers terminate 
in the nucleus of the spinal tract of the trigeminal 
nerve, CN V  (Fig. 1.4).

The facial nerve exits the skull base through 
the stylomastoid foramen. It gives off the 
posterior auricular nerve for sensation of the 
periauricular area before traveling anteriorly 
through the parotid gland and dividing into 
five terminal branches that supply the muscles 
of facial expression; the temporofrontal, zygo-
matic, buccal, marginal mandibular, and cervi-
cal branches.

1.3  Terminology and Grading 
of Facial Palsy

The literature uses different terms to describe 
the severity of a peripheral palsy, which can be 
confusing. The term palsy can be divided into 
paresis, which indicates some facial muscle 
function, whereas paralysis indicates a complete 
loss of function (flaccid face). Palsy may also be 
described as incomplete or complete, the former 
meaning still some facial muscle function, while 
the latter means total loss of function with a flac-
cid face. The terms incomplete and complete are 
most often used in the early stage of palsy, but 
also in the recovery stage of palsy. A better ter-
minology for this would instead be incomplete or 
complete recovery. In summary, the term palsy 
respective paralysis is often assimilated with 
each other in the literature.

Evaluating and describing facial function 
requires an objective and reliable measurement 

Internal
genu

Abducens nucleus (CN VI – somatic motor)

Nucleus solitarius rostral gustatory portion
(special sensory)

Motor nucleus of CN VII
(branchial motor)

Superior salivatory nucleus
(parasympathetic motor)

Pontine trigeminal nucleus
(general sensory)

Pons

Pontomedullary junction

Medulla

Nucleus solitarius caudal portion
(visceral sensory)

Geniculate ganglion

Nervus
intermedius

portion of CNVII

CN VIII

CN VII

Spinal trigeminal nucleus

Fig. 1.4 Facial nerve motor, parasympathetic and sensory nuclei in the brain stem. (By permission from Cranial Nerves 
3rd Ed. © 2010 Wilson-Pauwels, Stewart, Akesson, Spacey, PMPH-USA)
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system that can be used both in the acute stage 
and to assess the course of recovery over time. 
Grading facial function is also an instrument for 
clinical prediction of non-recovery in Bell’s palsy 
[3]. The most widely used systems today are the 
gross scaled House–Brackmann [4] system and 
the regional weighted Sunnybrook facial grading 
systems [5]. Grading scales in facial palsy are 
described in Chaps. 2, 3.

1.4  Evaluation of Peripheral 
Facial Palsy

At the initial examination, first determine if the 
facial weakness is of central or peripheral ori-
gin. A central lesion with thrombosis, hemor-
rhage, tumor, or trauma affecting the voluntary 
corticofacial projections may cause weakness of 
the lower contralateral face with flattened naso-
labial fold and dropped corner of the mouth. 
Forehead wrinkle and eye closure is, contrary to 
a peripheral palsy, intact due to bilateral corti-
cal  representation of the upper face. Facial emo-
tional involuntary expressions are not affected. 
Loss of involuntary emotional facial movements 
indicates involvement of cingulate corticofacial 
projections. Acute ischemic cerebral stroke from 
an arterial obstruction, contrary to the peripheral 
type, results in an immediate onset of palsy.

1.5  Causes of Peripheral  
Facial Palsy

A number of diseases are related to/or cause 
peripheral facial palsy. A lesion that involves the 
facial nerve in the cerebellopontine angle often 
affects CN VIII with sensorineural hearing loss, 
tinnitus, and vertigo. Most common are vestibu-
lar schwannomas and meningiomas. Acute idio-
pathic facial palsy (Bell’s palsy), most probably 
located to the meatal segment and facial heman-
giomas, neuromas, acute and chronic (choles-
teatomas) ear infection, temporal bone fractures 
involving the facial canal are other conditions 
affecting the facial nerve. Topognostic testing 
may help locate the level of intratemporal lesion. 

Decreased lacrimation indicates a lesion proxi-
mal to the branch of the greater petrosal super-
ficial nerve, hyperacusis, and loss of gustation 
proximal to the stapedial respective chorda tym-
pani branches.

The proportion of causes of facial nerve dis-
orders varies in the literature. One reason is that 
referral centers may differ when comparing facial 
nerve disorders that are examined and treated at 
the respective institutions. Furthermore, stan-
dards for reporting the different causes of facial 
nerve disorders are lacking. Table  1.2 summa-
rizes the most common main causes of facial 
disorders from the results of three large studies 
including 8291 cases. The studies included cases 
examined in 1963 and 1996 with 3721 cases—
3650 patients— [2], 2570 patients seen over 
25 years (year of examination not stated) in the 
study of Peitersen published 2002 [6], and 2000 
cases of facial palsy between 2003 and 2013 by 
Hohman and Hadlock 2014 [7]. The predomi-
nating causes are idiopathic facial palsy (53%), 

Table 1.2 Proportion (percent) of the main causes of 
peripheral facial palsy based on three studies including 
8291 facial nerve disorders, Schaitkin and colleagues 
2000 [2], Peitersen 2002 [6] and Hohman & Hadlock 
2014 [7]

Main cause of peripheral facial palsy
Proportion 
(percent)

Idiopathic including Bell’s palsy 53
Trauma (including iatrogenic) 14
Tumor (including benign tumor, 
malignancy, cholesteatoma and 
postresection tumor)

9

Herpes zoster oticus 6
Congenital/birth/neonatal 5
Infection (excluding herpes zoster) 4
Stroke, central nervous disease (lesion) 
and vascular brainstem

2

Facial hyperkinesis/spasm 1
Other—Not classified 6

Reference [2] by permission from Thieme Publishers, 
New York, United States, reference [6] copyright © Acta 
Oto-Laryngologica AB (Ltd) by permission Taylor & 
Francis Ltd., Abingdon, United Kingdom, http://www.
tanfonline.com on behalf of Acta Oto-Laryngologica 
AB (Ltd) and the late author’s son Claus Peitersen and 
reference [7] by permission from the publisher Wiley, 
United States, © 2013 The American Laryngological, 
Rhinological and Otological Society, Inc.
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trauma (14%), tumor (9%), herpes zoster (6%), 
congenital palsy (5%), and infection (4%). It 
should however be noted that the etiological pro-
portions varied between studies. In the study of 
Peitersen [6], idiopathic palsy had a percentage 
of 66 compared with 38 percent in the study of 
Hohman and Hadlock [7]. May reported as many 
as 849 of 3721 (23%) traumatic cases compared 
with 95 of 2570 (4%) reported by Peitersen [6].

1.6  Differential Diagnosis 
of Peripheral Facial Palsy

Lower motor neuron lesion is the most frequent 
cause of facial nerve disease. The most common 
clinical sign is ipsilateral facial muscle weakness 
and, more seldom, stimulation. In rare cases, 
both sides of the face may be affected [8]. As 
previously mentioned, the acute idiopathic form 
of palsy (Bell’s palsy) is the commonest type. 
Nevertheless, a number of differential diagno-
ses (discussed in Sect. 1.7) have to be excluded 
when a patient presents with a facial palsy. The 
comprehensive book on the facial nerve by May 
and Schaitkin reviews the causes of facial paraly-
sis and classifies them in groups that have since 
been widely used in the literature [2]. Table 1.3 
presents a differential diagnosis of facial palsy 
and attempts to grade the most common etio-
logical factors with the help of two large stud-
ies published during this century, 2500 cases by 
Peitersen published in 2002 [6] and 2000 cases 
of facial palsy seen between 2003 and 2013 by 
Hohman and Hadlock [7].

1.7  Bell’s Palsy

Bell’s palsy, named after the Scottish surgeon 
and anatomist Sir Charles Bell, presents as rapid 
(usually maximal development within 48 h) uni-
lateral weakness or paralysis of the face due to 
acute dysfunction of the peripheral facial nerve 
with no readily identifiable cause and some 
recovery within 3–6  months [9]. Bell’s palsy 
accounts for 50–70% of peripheral facial pal-
sies and the annual incidence is about 30 per 

100,000 individuals. There is no difference in 
gender or side of the face, and no seasonal clus-
tering. Peak incidence is between ages 30 and 
60. Diabetes mellitus, hypertension, and preg-
nancy (third trimester and 2 weeks postpartum) 
are considered as risk factors. Ipsilateral pain 
around the ear or in the neck  (50–60%), taste 
disturbance (35%), and/or hyperacusis (30%) 
are concomitant symptoms.

The rate of misdiagnosis of Bell’s palsy by the 
initial consulting clinician has been reported to 
be approximately 1% but also as high as 10.8% 
[10]. Approximately 7% of Bell’s palsy patients 
will have a recurrence—either ipsilateral or 
contralateral—to previous palsy. Contralateral 
(alternating) recurrent palsy is usually benign 
and the need for extended investigation is not so 
urgent [10]. An ipsilateral (recurrent palsy) recur-
rence, however, requires a meticulous search for 
another etiology. Searching for a neoplasm of the 
facial nerve (schwannoma) or temporal bone and 
parotid gland is also required. The Melkersson–
Rosenthal syndrome with recurrent facial palsy, 
fissured tongue and periodic lip or facial swelling 
as well as sarcoidosis is another differential diag-
nosis to be considered. The diagnosis of Bell’s 
palsy should be reevaluated if there is deviation 
in history, new or worsening neurologic findings, 
new symptoms and/or clinical findings or if there 
are no signs of recovery within 3–4 months [11, 
12] (Table 1.4).

The etiology and pathogenic mechanism in 
Bell’s palsy is by definition not known. A  possible 
cause of nerve injury is inflammation of the facial 
nerve, which might be related to herpes simplex 
virus type 1 and/or varicella zoster reactivation 
(zoster sine herpete). The virus theory is sup-
ported by the presence of herpes simplex virus 
type 1 DNA in facial nerve endoneural fluid and/
or tissue from posterior auricular muscle in Bell’s 
palsy patients [13]. Edema of the facial nerve 
within the fallopian canal has been noticed dur-
ing decompressive surgery for Bell’s palsy and 
the finding of facial nerve contrast enhancement 
(mainly the meatal/labyrinthine segment) on 
MRI may be explained by inflammatory damage 
to the blood-nerve barrier, with increased vascu-
lar permeability and/or venous congestion [14].
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Table 1.3 Cause of peripheral facial palsy and approximate frequency

Cause of peripheral facial palsy
Approximate frequency 
Hohman and Hadlock  [7]

Approximate frequency 
Peitersen  [6]

Bell’s palsy—idiopathic (54%) 761 1701
Neoplastic (10%) 355 105
Acoustic neuroma/vestibular schwannomaa (includes 
neurofibromatosis type 2)
Head and neck cancera

Facial nerve tumor
Parotid tumor lesions (benign and malignant)
Metastatic carcinoma
Cholesteatoma
Leukemia
Lymphoma
Meningioma
Glomus jugulare tumor
Hemangioblastoma
Sarcoma
Anomalous sigmoid sinus
Carotid artery aneurysm
Hemangioma of tympanum
Hidradenoma
Teratoma
Histiocytosis
Fibrous dysplasia
Temporal bone myeloma
Carcinomatous encephalitis
Endolymphatic sac tumors
Fibrosarcoma
Ossifying hemangioma
Granular cell myoblastoma
Infection (7%) 151 148
Herpes zoster
Lyme neuroborreliosis
Acute and chronic otitis/mastoiditis
HIV
Mononucleosis
Poliomyelitis
Meningitis/encephalitis
Tuberculosis
Mumps
Malignant external otitis
Chickenpox
Coxsackie virus
Influenza
Acute suppurative parotitis
Leprosy
Malaria
Sinus thrombosis
Syphilis
Scleroma

(continued)
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Table 1.3 (continued)

Cause of peripheral facial palsy
Approximate frequency 
Hohman and Hadlock  [7]

Approximate frequency 
Peitersen  [6]

Botulism
Mucormycosis
Leptospirosis
Zika virus
Acute hemorrhagic conjunctivitis
Gnathostomiasis
Mucormycosis
Cat scratch disease
Congenital/birth/neonatal age (6%) 99 169
Non-syndromic
Congenital unilateral lower lip paralysis
Möbius syndrome
Forceps delivery
Myotonic dystrophy
Trauma (5%) 113 95
Skull base fracture
Facial soft tissue and bone injuries
Middle ear injury
Genetic and metabolic (4%) 82 80
Diabetes
Pregnancy associated
Hyper/hypothyroidism
Hypertension
Alcoholic neuropathy
Autoimmune/neurologic/others (3%) 32 124
Melkersson–Rosenthal syndrome
Sarcoidosis
Multiple sclerosis
Collagenosis
Guillain–Barré syndrome
Myasthenia gravis
Amyloidosis
Hereditary hypertrophic neuropathy (Charcot–Marie–
Tooth disease)
Dejerine–Sottas disease
Temporal arteritis
Thrombotic thrombocytopenic purpura (TTP)
Periarteritis nodosa
Osteopetrosis
Osteogenesis imperfecta
Kawasaki disease
Iatrogenic (3%) (not including postresection or 
postradiation acoustic neuroma/head and neck cancer)

143 0

Oral surgery
Head and neck surgery
Otologic surgery
Cosmetic surgery
Neurosurgery

L. Jonsson



11

Medical treatment of Bell’s palsy is based on 
the theory that inflammation and edema produced 
by herpes virus of the facial nerve is implicated in 
its cause. Many trials, limited in size, studying the 
efficacy of corticosteroids in Bell’s palsy had been 
carried out before two large Class I randomized 
and placebo-controlled multi-center Bell’s palsy 
trials were published in 2007 and 2008: a Scottish 
study including 551 patients treated with pred-
nisolone and/or aciclovir [15] and a Scandinavian 
study including 829 patients treated with pred-
nisolone and/or valaciclovir [16]. In both trials, 
evidence for the efficacy of oral corticosteroid 
treatment (compared with no prednisolone) started 
within 72 h after onset of palsy was demonstrated. 
In the study of Sullivan and co- workers [15], early 
treatment with prednisolone  25 mg twice per day 

Table 1.3 (continued)

Cause of peripheral facial palsy
Approximate frequency 
Hohman and Hadlock  [7]

Approximate frequency 
Peitersen  [6]

Temporal artery biopsy
Mandibular block anesthesia
Antitetanus serum
Rabies vaccination
Dental
Sagittal split osteotomy
Embolization
Central lesion (2%) 79 34
Central nervous lesion and disease/stroke
Vascular brainstem lesion/stroke
Millard–Gubler syndrome (lesion in base of pons with 
abducens palsy and contralateral hemiplegia)
Toxicity (0%) 0 0
Thalidomide
Tetanus
Diphtheria
Carbon monoxide
Lead intoxication
Ethylene glycol
Arsenic intoxication
Alcoholism
Anticancer drugs
Not classified (6%)

Modified after Schaitkin and colleagues 2000 [2]. Approximate frequency according to average numbers given by 
Peitersen 2002 [6] including 2570 patients and Hohman and Hadlock 2014 [7] including 2000 patients
aIncludes postresection and postradiation. Reference [2] by permission Thieme Publishers, New York, United States, 
reference [6] copyright © Acta Oto-Laryngologica AB (Ltd) by permission Taylor & Francis Ltd., Abingdon, United 
Kingdom, http://www.tanfonline.com on behalf of Acta Oto-Laryngologica AB (Ltd) and the late author’s son Claus 
Peitersen and reference [7] by permission from the publisher Wiley, United States, © 2013 The American Laryngological, 
Rhinological and Otological Society, Inc.

Table 1.4 History and findings/symptoms that should 
reevaluate the diagnosis of Bell’s palsy

History Findings/symptoms
Gradual onset of 
palsy
No improvement 
within 3–4 months
Living in a 
Borrelia-endemic 
area
Risk factors for HIV
Facial skin cancer
Systemic cancer

Vertigo, hearing loss, tinnitus
Bilateral facial palsy
Other cranial nerve 
involvement
Febrile illness, fatigue, 
malaise, radicular pain, and 
general headache 
(borreliosis)
Limb or bulbar weakness
Parotid gland enlargement
Otitis media
Vesicles in external ear/ear 
canal, tympanic
membrane and/or oropharynx
Cervical adenopathy
Facial swelling/fissured 
tongue
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for 10 days significantly improved the chances of 
complete recovery at 3 and 9 months. In the trial 
of Engström and colleagues [16], patients given 
prednisolone  60 mg daily for 5 days then tapering 
to 10 mg daily (total treatment time 10 days) had 
a significantly shorter time to complete recovery 
and a significantly higher rate of recovery at 3, 
6, and 12 months. With these two Class I stud-
ies as base, the guideline development group in 
the clinical practice guidelines of the American 
Academy of Otolaryngology—Head and Neck 
Surgery Foundation published in 2013 recom-
mends a 10-day course of either prednisolone  
50 mg for 10 days or prednisolone (the guideline 
says prednisone) 60 mg for 5 days with a 5-day 
taper initiated within 72 h of symptom onset [11]. 
The efficacy of corticosteroids was also stated in 
the Cochrane Database of Systematic Reviews 
published in 2016 in which the authors concluded 
that the available moderate- to high-quality evi-
dence from randomized controlled trials shows 
significant benefit from treating Bell’s palsy with 
corticosteroids [17]. The benefit of corticosteroid 
treatment for Bell’s palsy after 72 h is less clear 
since Class I studies with treatment started after 
this time point are lacking [11]. In his guide-
lines based on a combination of data and theo-
retical mechanism of action, Vrabec discusses 
that the prognosis for those with complete palsy 
(compared with incomplete) is much poorer, and 
that treatment is advocated even if presentation 
is delayed for more than 1 week. After 2 weeks 
from onset, it is unlikely that any treatment will 
impact the recovery [18]. With caution regarding 
side-effects taken into consideration, this rea-
soning seems logical until further knowledge on 
the effect of delayed corticosteroid treatment is 
obtained.

The theory that Bell’s palsy is related to a viral 
herpes infection has led to numerous treatment 
trials on the effect of antivirals of which aciclo-
vir and valaciclovir are most studied. Including 
the abovementioned Class I studies [15, 16] both 
guideline development groups in the clinical 
practice guidelines of the American Academy 
of Otolaryngology—Head and Neck Surgery 
Foundation published in 2013 and the Cochrane 
Database of Systematic Reviews published in 

2015 concluded that antiviral therapy alone in 
Bell’s palsy is no better than placebo with respect 
to facial recovery [11, 19]. Antiviral treatment in 
combination with corticosteroids was studied in 
the two Class I trials by Sullivan and co-workers 
[15] and Engström and colleagues [16] and the 
addition of antivirals to corticosteroids was not 
proven to be of benefit in Bell’s palsy. Several 
Bell’s palsy studies of lower methodologi-
cal class have reported minor improvements in 
facial nerve recovery with the addition of anti-
virals to corticosteroids so a small benefit with 
combination therapy cannot be excluded [11]. 
The guideline development group in the clinical 
practice guidelines of the American Academy 
of Otolaryngology—Head and Neck Surgery 
Foundation published in 2013 concluded that 
patients may be offered combination therapy if 
treated within 72 h of palsy onset, with a large 
role for shared decision-making. Gagyor and col-
leagues [19] concluded in the Cochrane Database 
of Systematic Reviews published in 2015 that 
low-quality evidence from randomized con-
trolled trials shows a benefit from the combina-
tion of antivirals with corticosteroids compared 
with corticosteroids alone for the treatment of 
Bell’s palsy of various degrees of severity. If 
the patient is given combination therapy, peroral 
antiviral valaciclovir 1000 mg 3 times daily for 
7 days can be recommended.

In general, mild palsy and signs of improve-
ment within the first 2 weeks indicate a shorter 
time for recovery. Patients with poor improve-
ment after 8  weeks are at high risk for suffer-
ing sequelae. Recovery has generally reached 
its maximum after 9 or 12  months. In severe 
cases, synkinesis develops after approximately 
3–4 months and may deteriorate up to 12 months 
after onset of palsy [20]. Recurrent Bell’s palsy, 
on the same or opposite side, occurs in about 7% 
of cases. About 70% of patients with Bell’s palsy 
recover completely within 6  months without 
treatment [6]. The remainder will suffer sequelae 
that consist of residual palsy, contracture, and 
synkinesis.

Due to inadequate eye closure and/or reduced 
tearing in most Bell’s palsy patients, topical eye 
care to protect the cornea from dryness and abra-
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sion needs to be initiated as soon as possible: 
lubricating eye drops at least 6–8 times daily, fre-
quent closure of the upper eye lid with a finger 
by the patient and tight glasses (sun- or sports 
glasses) at day time, eye ointment at night, lat-
eral eye lid cross-taping, patching and, in severe 
cases, a moisture chamber. In case of ocular 
symptoms such as pain, irritation, or itching, the 
patient should immediately be referred to an eye 
specialist. Patients with severe, persistent lag-
ophthalmos also should have an ophthalmologic 
evaluation [11].

The effect of surgery for treatment of Bell’s 
palsy is dubious and the literature gives no clear 
recommendations. Since the initial injury is 
thought to be located in the meatal/labyrinthine 
portion of the facial nerve only, transmastoid 
decompression of the facial nerve is insufficient. 
Middle fossa decompression, including the meatal 
portion, in patients diagnosed with a severe palsy 
(House–Brackmann score VI, electroneurogra-
phy >90% nerve degeneration, and no response 
on voluntary electromyography) and operated 
on within 2  weeks after onset was reported to 
improve outcome compared with corticosteroid 
treatment only in a case control study by Gantz 
and colleagues [21]. The Cochrane Database 
of Systematic Reviews published in 2013 by 
McAllister and co-workers concluded that only 
very low quality evidence has emerged from ran-
domized controlled trials and that this is insuf-
ficient to decide whether surgical intervention 
is beneficial or harmful in the management of 
Bell’s palsy [22]. The clinical practice guidelines 
of the American Academy of Otolaryngology-
Head and Neck Surgery Foundation from 2013 
state that limited data support surgical decom-
pression of the meatal facial nerve segment in 
patients with complete palsy and demonstrating 
severe denervation on electrodiagnostic testing 
within 2 weeks. It also discussed the substantial 
costs and rare but serious risks (including sei-
zures, unilateral hearing loss, cerebrospinal fluid 
leak, and injury to the facial nerve) with this type 
of surgery. The subject still remains controversial 
and in their conclusion, the panel could make no 
recommendation regarding surgical decompres-
sion for Bell’s palsy [11].

Acupuncture by needle insertion alone or 
combined with drugs is a treatment modality 
used for Bell’s palsy. The Cochrane Database 
of Systematic Reviews by Chen and colleagues 
published in 2010 [23] concluded that the quality 
of the six included randomized clinical trials was 
inadequate to allow any conclusion about the effi-
cacy of acupuncture for Bell’s palsy. The clinical 
practice guidelines of the American Academy 
of Otolaryngology—Head and Neck Surgery 
Foundation from 2013 summarized that random-
ized clinical trials do support the use of acupunc-
ture but these trials were downgraded due to poor 
quality. The panel was unable to determine the 
ratio of benefit to harm and could make no recom-
mendation regarding acupuncture in Bell’s palsy 
[11]. Li and colleagues, who included 14 ran-
domized controlled trials involving 1541 Bell’s 
palsy individuals in their meta-analysis from 
2015, reported that there is insufficient evidence 
to support the efficacy and safety of acupuncture 
[24]. To summarize, evidence-based recommen-
dations for acupuncture for Bell’s palsy treatment 
are currently lacking.

Sequelae from severe Bell’s palsy are per-
sistent facial muscle weakness, facial muscle 
contracture, and synkinesis. In the acute stage 
of severe palsy, the face is flaccid with droop-
ing corner of the mouth, less pronounced naso-
labial fold, and a wide eye with lagophthalmos. 
In the recovery phase starting after 3–6 months, 
contracture of the facial muscles develops with 
pulled up corner of the mouth (shortening of 
lip elevator muscles), deepening of the nasola-
bial fold, and a smaller eye with contraction of 
the orbicularis oculi muscle. Synkinesis, which 
develops 3–6 months after onset of palsy, is an 
involuntary movement in one region of the face 
produced during intentional movement in another 
facial region (Fig. 1.5). The prevailing theory for 
its mechanism of development is that injured 
axons undergo aberrant regeneration resulting 
in innervation of facial muscles other than those 
originally innervated [25]. Mild synkinesis is 
present in about 15% and moderate to severe 
synkinesis in around 7% of Bell’s palsy patients 
1  year after onset [20]. The most common and 
troublesome synkinesis affects the muscles of 
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the eye and mouth. Rehabilitation and manage-
ment of synkinesis in facial palsy are discussed 
in Chaps. 4 and 31, respectively.

1.8  Acquired Peripheral Facial 
Palsy in Children

Bell’s palsy is the leading etiology of acquired 
acute peripheral facial palsy in children (about 
40–50%) but is 2–4 times less frequent than in 
adults. Its estimated yearly incidence has been 
reported as about 6 cases per 100,000  in ages 
1–15 years, but in a large population-based epi-
demiologic study it was reported as 18.8 per 
100,000 person-years with an increase by age 
[26]. There are no large randomized controlled 
Bell’s palsy treatment trials on the effect of cor-
ticosteroids and/or antivirals in the pediatric 
population. Etiological factors that can cause 
peripheral palsy in children resemble those in 
adults. Infectious causes from otitis media and 
Lyme disease (especially in borrelia-endemic 
areas) are more common in children than in 
adults. Other infectious causes in children (as 

well as adults, see Table 1.3) are herpes zoster 
(Ramsay Hunt syndrome), Epstein–Barr virus, 
cytomegalovirus, adenovirus, rubella, mumps, 
HIV, Haemophilus influenzae, Mycoplasma 
pneumoniae, tuberculosis, leprosy, and syphilis. 
Kawasaki disease (mucocutaneous lymph node 
syndrome) is a rare acute systemic vasculitic 
condition that mainly affects children under 
the age of five and may be accompanied by 
peripheral facial palsy. The association between 
severe hypertension and peripheral facial palsy 
is mainly described in children. Facial palsy can 
occur in head trauma with fracture of the tem-
poral bone, blunt cheek injury, parotid- and ear 
surgery, and in vestibular schwannoma surgery 
for neurofibromatosis type 2. Cholesteatoma of 
the ear may also cause peripheral facial palsy 
in children. Tumors and hemopathies as a cause 
are rhabdomyosarcoma of the temporal bone, 
Langerhans cell histiocytosis, vestibular and 
facial schwannoma, parotid tumor, leukemia, 
and hemophilia. Slow progress (beyond weeks) 
after onset of palsy or lack of improvement after 
3  months suggests a neoplastic or neurologi-
cal cause. Recurrent facial palsy may relate to 
Bell’s palsy or Melkersson–Rosenthal syndrome 
(recurrent or persistent orofacial edema, fissured 
tongue, and relapsing peripheral facial palsy). 
Alternating recurrent palsy seldom is second-
ary to causal neoplasm but ipsilateral recurrent 
palsy needs more comprehensive investiga-
tion. Acquired bilateral facial palsy may be due 
to neurologic disease such as Guillain–Barré 
syndrome, Lyme borreliosis, most of the other 
above mentioned viral and bacterial infections 
(including meningitis), Kawasaki disease, and 
sarcoidosis.

The role of corticosteroid treatment for Bell’s 
palsy in children is inclusive due to lack of con-
trolled trials. The clinical practice guidelines of 
the American Academy of Otolaryngology—
Head and Neck Surgery Foundation from 2013 
note that despite the absence of quality trials 
supporting corticosteroid use in children, and 
given the presumed similar disease process and 
benefit- harm ratio of Bell’s palsy in adults and 
children, corticosteroids may be considered in 
pediatric patients with a large role for caregiver 

Fig. 1.5 Contracture of the facial muscles with pulled up 
corner of the mouth, deepening of the nasolabial fold, 
smaller eye and involuntary facial movements (synkine-
sis). (Published with oral and written permission from the 
patient)
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participation in the decision [11]. Prednisolone 
may be given in doses of 1  mg/kg (maximum 
60 mg/day) per day for 7 days tapered over the 
following days, started within a week of onset 
(ideally 72  h) [27]. There is no evidence sup-
porting the use of antiviral therapy alone [11], 
but addition of antivirals to prednisolone  (espe-
cially in severe palsy) has been suggested as 
treatment in children with Bell’s palsy. As for 
adults, it is important to protect the eye to pre-
vent corneal ulcers in children with peripheral 
facial palsy.

Simultaneous bilateral peripheral facial palsy 
can be seen in diseases of infectious, neurologi-
cal, idiopathic, neoplastic or traumatic, autoim-
mune, iatrogenic, and toxic origin. This is a very 
uncommon form of palsy and accounts for less 
than 1% of peripheral facial palsy patients. It 
requires a careful diagnostic evaluation in order 
to find the appropriate therapy [2]. The most 
common causes are Guillain–Barré syndrome, 
Lyme disease, “bilateral Bell’s palsy-herpes sim-
plex type 1,” Melkersson–Rosenthal syndrome, 
sarcoidosis (Heerfordt’s syndrome), Epstein–
Barr and cytomegalovirus, HIV, meningitis, leu-
kemia, and lymphoma. Trauma with skull base 
fracture and congenital diplegia seen in Möbius 
syndrome are other causes for bilateral peripheral 
facial palsy (Table 1.5).

1.9  Herpes Zoster Oticus or 
Ramsay Hunt syndrome

Herpes zoster oticus or Ramsay Hunt syndrome 
is an acute peripheral facial palsy accompanied 
by ipsilateral vesicular eruptions in the ear canal, 
auricle, or mucous membrane of the oropharynx. 
About 50–75% of patients experience ipsilateral 
vestibulocochlear symptoms with vertigo and/
or sensorineural hearing loss, more severe in the 
high frequency range. The annual incidence of 
the disease is about 4 per 100,000 individuals. 
Herpes zoster oticus is the most common infec-
tious cause of acute peripheral facial palsy in 
adults and accounts for around 5–10% of periph-
eral facial palsy cases. Its etiopathology includes 
the reactivation of latent varicella zoster virus in 

the geniculate ganglion of the facial nerve. The 
diagnosis of herpes zoster oticus is mainly clini-
cal via the auricular vesicular herpetic eruptions 
(Fig.  1.6) that appear in approximately 85% of 
cases, but in unclear situations, skin/blister anal-
ysis by PCR and serologic and/or cerebrospinal 
examination may add information. Since the 
palsy may precede vesicular eruptions, herpes 

Table 1.5 Underlying causes of simultaneous bilateral 
facial palsy

Guillain–Barré syndrome
Borreliosis
Bilateral Bell’s palsy
Melkersson–Rosenthal syndrome
Sarcoidosis (Heerfordt’s syndrome)
Bacterial meningitis
Epstein–Barr virus
Leukemia
HIV
Lymphoma
Syphilis
Chickenpox
Zika virus
Herpes zoster oticus
Rabies immunization
Granulomatosis with polyangiitis
Botulism
Pontine infarction
Brain stem encephalitis
Kawasaki disease
Amyloidosis
Leptospirosis
Others
Skull base fracture
Mandibular fractures
Congenital diplegia (Möbius syndrome, thalidomide 
toxicity)
Diabetes mellitus
Myotonic dystrophy
Myasthenia gravis
Bone disorders (sclerosing bone dysplasia, 
osteogenesis imperfecta, cleidocranial dysostosis)
Acute porphyria
Hypothyroidism
Pregnancy
Benign intracranial hypertension
Bilateral neurofibromas
Prepontine or intrapontine tumor
Charcot–Marie–Tooth syndrome
Bilateral acute or chronic otitis media
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zoster oticus may be misdiagnosed with Bell’s 
palsy. Even with eruptions present, a Bell’s diag-
nosis with external otitis is sometimes incorrectly 
made. The facial palsy in herpes zoster oticus 
may be accompanied by multiple cranial nerve 
involvement and generally is more severe, which, 
even with treatment, results in a higher number 
of patients with sequelae (50%) compared with 
Bell’s palsy. In contrast to Bell’s palsy, her-
pes zoster oticus with facial palsy never occurs 
simultaneously on both sides and recurrence is 
extremely rare. Large prospective randomized 
controlled studies are lacking but the suggested 
treatment for herpes zoster oticus includes per-
oral antiviral valaciclovir (500  mg two times 
daily for 1 week) and peroral corticosteroids in 
doses as for Bell’s palsy. In severe cases, peroral 
valaciclovir may be replaced with intravenous 
antivirals. For individuals 60 years or older, vac-
cinating against varicella zoster virus decreases 
the risk of herpes zoster.

1.10  Lyme Disease 
(Neuroborreliosis)

The most common manifestation of Borrelia 
infection is erythema migrans (25–89%), neu-
roborreliosis (16–29%), and arthritis (3–41%). 
Other less common manifestations are acroder-
matitis chronica atrophicans, lymphocytoma, 
and carditis. Lyme neuroborreliosis is caused 

by a central nervous system infection due to 
the tick- borne spirochete Borrelia burgdorferi. 
Borrelia may invade the central nervous system 
directly via tissues, along peripheral nerves or by 
hematogenous dissemination. Neuroborreliosis 
is often manifested by cranial nerve engage-
ment. Peripheral facial palsy is the most com-
mon neurologic manifestation (approximately 
10%) and is often accompanied by radicular 
pain. Peripheral facial palsy caused by neu-
roborreliosis is more common in children and 
increasing risk factors are onset during peak 
season in an endemic area and a history of an 
erythema migrans lesion. Patients may have a 
preceding or concomitant febrile illness, fatigue, 
malaise, radicular pain, and general headache, 
in contrast to the more localized periauricular 
pain that occurs in approximately 50% of Bell’s 
palsy patients. In areas endemic for Borrelia 
burgdorferi, Lyme neuroborreliosis is estimated 
to cause up to 25% of peripheral facial palsies 
and should therefore always be considered as 
a cause of palsy in these regions, especially in 
bilateral cases and/or if the patient is a child. 
Borrelia is found in the Northern temperate zone 
in Europe, Central and North America, and parts 
of Northern Asia. In peripheral facial palsy cases 
in endemic areas, serologic testing for immuno-
globulin G and M antibodies to Borrelia burg-
dorferi antibodies should be performed in the 
acute stage and at follow-up within 4–6 weeks. In 
patients with clinical signs and/or increasing risk 
factors (especially children) for Borrelia, cere-
brospinal examination for mononuclear pleo-
cytosis and Borrelia antibodies should always 
be considered. Treatment consists of peroral 
doxycycline 100 mg two times daily for 14 days. 
Children aged ≥8 years are treated with peroral 
doxycycline 4 mg/kg once daily for 10 days and 
children <8  years are given intravenous ceftri-
axone 50–100  mg/kg once daily for 10  days. 
In addition to antibiotics, extra corticosteroid 
treatment for peripheral facial palsy caused by 
Borrelia has been advocated, but larger random-
ized controlled studies to prove this are currently 
lacking. Findings supporting caution in using 
corticosteroids in this type of palsy have also 
been reported.

Fig. 1.6 Auricular vesicular herpetic eruptions in a 
patient with herpes zoster oticus (Ramsay Hunt syn-
drome). (Published with oral and written permission from 
the patient)
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1.11  Sarcoidosis

Sarcoidosis is a systemic granulomatous disease 
of unknown etiology but similarities with the 
two other granulomatous disorders tuberculosis 
and leprosy have been put forward. It is more 
common in females than males and peak age 
is between 20 and 40  years. The most affected 
organs are the lungs (85%) followed by lymph 
nodes (65%), liver, skin, and eyes. Radiology and 
strong clinical evidence of multisystem involve-
ment, together with biopsy findings of non- 
caseating epitheloid cell granulomas in addition 
to negative cultures for bacteria, mycobacteria 
and fungi, support a diagnosis of sarcoidosis.

The central nervous system is involved in 
sarcoidosis in approximately 10% of cases. The 
clinical picture involves a peripheral neuropathy 
or chronic basal meningitis (rarely acute men-
ingitis) with multiple cranial nerves. Peripheral 
facial palsy, which may be unilateral alternating 
or recurrent, as well as simultaneous bilateral, 
is the most common neurological manifesta-
tion of sarcoidosis. In Heerfordt’s syndrome, 
which includes peripheral facial palsy, uveitis, 
enlarged parotid gland, and fever, the underly-
ing disease is sarcoidosis. Radiological diagno-
sis for sarcoidosis includes chest CT for showing 
hilar lymphadenopathy and positron emission 
tomography (PET)/CT/MRI for identifying sites 
suitable for biopsy and assessing inflammatory 
active sarcoidosis. Biopsy of lymph node, skin, 
brain, meninges, or muscle demonstrating non- 
caseating epitheloid cell granulomas strongly 
indicates a diagnosis of sarcoidosis. Serum ACE 
is significantly higher in most (approximately 
80%) patients with active sarcoidosis. Serum 
angiotensin-converting enzyme (ACE) levels are 
significantly higher in active sarcoidosis patients 
compared with controls. MRI is a sensitive tool 
for detecting neurological lesions. Cerebrospinal 
fluid findings include lymphocytic pleocyto-
sis (which may also be found in borreliosis and 
viral disease), elevated protein levels and, in 
some patients, low glucose levels. Cerebrospinal 
fluid should also be analyzed for ACE levels. 
Corticosteroids are the first-line medical treat-
ment in neurosarcoidosis. To lower corticosteroid 

doses, immunosuppressive drugs may be added. 
Treatment with tumor necrosis factor alfa block-
ers has also been described.

1.12  Guillain–Barré Syndrome

Guillain–Barré syndrome is an acute to subacute 
inflammatory polyradiculoneuropathy. It is char-
acterized by the development of bilateral weak-
ness or paralysis, areflexia, paresthesia, pain, and 
autonomic dysfunction, thus representing a het-
erogeneous group of immune-mediated neuropa-
thies. In most cases, a demyelinating process with 
a relatively short recovery period is found, but in 
its severe form, secondary axonal injury occurs. 
Severe sequelae from Guillain–Barré syndrome 
are seen in about 20% of patients. The annual 
incidence is about 1–2 per 100,000 individuals 
and its origin is an autoimmune reaction directed 
against peripheral nerves and nerve roots. An 
association with vaccines, but also with infec-
tion by cytomegalovirus, Epstein–Barr virus, 
Influenza A virus, Mycoplasma pneumoniae, 
and Campylobacter jejuni has been reported. 
Bilateral facial palsy is common and occurs in 
about 50% of cases, often with one side affected 
before the other. Miller Fischer Syndrome, a 
triad of ataxia, areflexia, and ophthalmoplegia is 
a variant of Guillain–Barré  syndrome that also 
may occur with facial palsy. Neurophysiological 
examination shows multifocal demyelination/
axonal injury. Cerebrospinal fluid findings with 
raised protein content and elevated albumin quo-
tient strengthen the diagnosis. Pleocytosis is not 
prevalent in Guillain–Barré syndrome and if it 
occurs, Borrelia or HIV infection must be consid-
ered. Medical treatment with immunomodulation 
is performed by plasmapheresis or intravenous 
immunoglobulin G therapy.

1.13  Melkersson–Rosenthal 
Syndrome

Melkersson–Rosenthal syndrome is a rare mul-
tidisciplinary disease characterized by a triad 
of symptoms with recurrent orofacial edema 
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(mainly upper lip), facial palsy, and lingua plicata 
(a deeply fissured tongue). Its annual incidence 
is approximately 0.3 per 100,000 individuals. 
The cause of the disease is unknown. Typical 
histology of the orofacial edema shows a non- 
caseating granulomatous infiltration demonstrat-
ing similarities with that of Crohn disease and 
sarcoidosis. Melkersson–Rosenthal syndrome 
affects all age groups, but onset is most often 
seen in young adulthood. The most frequent 
sign is lingua plicata and the most common ini-
tial symptom is edema, which eventually affects 
most patients and gradually becomes persistent. 
Facial palsy appears in approximately 30–50% 
of cases but the complete triad form is only 
seen in about 20–25%. Onset of palsy is usually 
associated with ipsilateral orofacial swelling. 
Relapsing (recurrent or alternating) facial palsy 
may occur as well as bilateral symptoms (bilat-
eral facial palsy and bilateral orofacial edema). 
Medical treatment for Melkersson–Rosenthal 
syndrome is symptomatic. Non-steroid anti-
inflammatory drugs and systemic and/or intrale-
sional corticosteroids have remained a mainstay 
of therapy. Oral antimicrobials have also been 
reported effective. Other less evaluated treat-
ments include thalidomide, tumor necrosis factor 
alfa blockers, hydroxychloroquine, methotrex-
ate, dapsone, azathioprine, and mycophenolate 
mofetil. Plastic surgery of disfiguring refrac-
tory orofacial edema may be considered. Total 
facial nerve decompression has been suggested 
to prevent further attacks of facial paralysis and 
its sequelae.

1.14  Ear Infection

The incidence of peripheral facial palsy asso-
ciated with ear infection, including cholestea-
toma, accounts for about 2–3% of all peripheral 
palsies [2, 6, 7]. Acute otitis media is an infec-
tion localized to the mucosa or mucoperiosteum 
of the middle ear and may be complicated by an 
acute peripheral facial palsy. Other concomitant 
complicating symptoms may occur from the 
inner ear with sensorineural hearing loss and ver-

tigo. A pre-existing dehiscence of the tympanic 
segment of the fallopian canal is a predispos-
ing factor for facial palsy. Literature shows that 
the majority of cases are children and that the 
palsy may be the first sign of acute otitis media 
with or without mastoiditis. Before antibiotics, 
otitis media was responsible for a greater pro-
portion of facial palsies. Intravenous antibiotic 
therapy should be initiated and acute myringot-
omy drainage with bacterial culture performed. 
With treatment, the prognosis for facial recov-
ery in general is favorable. Mastoidectomy is 
performed in cases of complicating acute mas-
toiditis and/or subperiosteal abscess. In cases of 
suspected complications (cholesteatoma/bone 
destruction/sigmoid sinus thrombosis), com-
puted tomography (thin-sliced) is mandatory. 
Adding corticosteroids to the medical therapy 
may be considered but convincing reports for 
their effectiveness are lacking.

Two forms of chronic otitis media associated 
with peripheral facial palsy are found: chronic 
suppurative otitis media without cholesteatoma 
and chronic otitis with cholesteatoma. In contrast 
to the acute form of otitis media, which mainly 
affects children, peripheral facial palsy in chronic 
otitis media mostly affects youths and adults. 
The palsy in chronic suppurative otitis media 
with perforation of the tympanic membrane may 
present as an acute or slowly progressing facial 
palsy. Prompt treatment with intravenous broad- 
spectrum antibiotics after bacterial culture from 
middle ear discharge as well as from blood must 
be commenced. Computed tomography is needed 
to evaluate for dehiscence and/or bone destruc-
tion within the temporal bone. Pathologic tissue 
with destruction, progressing disease, and dete-
rioration of facial function demands explorative 
surgery and facial nerve decompression with 
elimination of pathological tissue. Cholesteatoma 
is a non-malignant tumorous process with focal 
regions of keratinizing squamous epithelium 
mostly located to the middle ear or mastoid, 
which may erode surrounding bone. Congenital 
cholesteatoma occurs in children and acquired 
cholesteatomas, which are in the majority, are 
primarily found in adults. Peripheral facial palsy 
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associated with chronic otitis with cholesteatoma 
needs immediate management in the same man-
ner as for chronic suppurative otitis media. MRI 
may add further information (cholesteatoma 
shows characteristic reduced diffusion). Surgery 
includes facial nerve decompression and removal 
of cholesteatoma.

1.15  Intratemporal Facial Nerve 
Trauma

Trauma accounts for about 5% of all peripheral 
facial palsies. Facial palsy due to intratemporal 
injury is often associated with external trauma. 
The most common cause of temporal bone frac-
ture is motor vehicle accidents [7] although seat 
belts and air bags have reduced these injuries. 
Computed tomography with thin slices is the 
radiological method for mapping the extent of 
injury. It is important to look for cerebrospinal 
fluid leakage. Temporal bone fracture lines are 
classically described in relation to the long axis 
of the petrous pyramid as longitudinal, oblique, 
and transverse. Transverse fractures account for 
about 10% of the total but facial palsy is observed 
in 40–50% of them as opposed to longitudinal 
fractures (80–90% of total) in which palsy occurs 
in just 20%. Peripheral facial palsy is twice as 
common in fractures that cross the otic capsule 
(also results in sensorineural hearing loss) com-
pared to fractures that do not intersect the cap-
sule. An immediate palsy from head injury will 
be apparent as soon as the patient is examined 
in the hospital. Delayed onset of palsy can occur 
within an interval of 4–5 days. Delayed palsy has 
a better prognosis than the immediate type and 
it is generally agreed that delayed palsies should 
be conservatively treated with corticosteroids 
as medical treatment. Treatment of immediate 
palsy depends on the patient’s general neurologic 
condition after the head injury, severity of palsy 
on electroneuronography as well as computed 
tomography findings. Surgical exploration of the 
facial nerve has to be considered in cases with 
poor prognosis preferably within 2  weeks after 
onset.

1.16  Extratemporal Facial Nerve 
Trauma

Injury to the face may wound the facial nerve 
main trunk or its branches. These injuries account 
for around 1.5% of peripheral facial palsies. The 
most common trauma is penetrating, lacera-
tion, slash, and facial fracture to the soft tissue. 
Careful examination of the separate facial nerve 
branches is important since edema and bruis-
ing may mask palsy. Penetrating nerve injuries 
need prompt exploration and identification of cut 
nerve branches. Primary nerve repair results in 
better recovery compared with rerouting or graft-
ing (see Chap. 6).

1.17  Iatrogenic Facial Nerve 
Trauma

Iatrogenic injury to the facial nerve causes 3% 
of all peripheral facial palsies. Patients operated 
for removal of vestibular schwannoma at the cer-
ebellopontine angle comprise one of the largest 
iatrogenic groups and in larger acoustic neuroma 
referral centers, these patients account for up 
to 9% [7]. Facial palsy also occurs after tumor 
resection alongside any part of the intratemporal 
or extratemporal facial nerve, including temporal 
bone tumors, parotid tumors, and head and neck 
cancer. In tumor surgery, volitional sacrificing of 
the facial nerve frequently must be performed to 
obtain radicality. Other causes of iatrogenic injury 
to the facial nerve are mastoid surgery, middle ear 
surgery, oral surgery, cosmetic surgery (face lift), 
neurosurgery, and temporal biopsy surgery [7]. If 
unexpected facial palsy occurs after surgery and 
the intactness of the nerve is unclear, facial nerve 
exploration has to be carried out.

1.18  Tumor

Benign and malignant tumors account for around 
5% of peripheral facial palsies [2, 6, 7]. Clinical 
suspicion of a tumor as cause of peripheral facial 
palsy is raised with gradual onset, fluctuating 
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or recurrent palsy, hearing loss on the palsy 
side, and ipsilateral parotid or ear tumor mass. 
Benign tumors as cause of facial palsy are ves-
tibular schwannoma (often starts with hearing 
loss) at the cerebellopontine angle and facial 
neuroma and hemangioma in the intratemporal 
portion. Malignant tumors in the temporal bone 
consist of squamous cell carcinomas (primary or 
metastatic) and basal cell carcinomas. Malignant 
tumors located in the region of the parotid gland 
as cause of palsy are mucoepidermoid carcino-
mas, adenoid cystic carcinomas, adenocarci-
nomas, and squamous cell carcinomas. Tumor 
resection (in some cases also reconstructive sur-
gery) and reanimation surgery followed by onco-
logical treatment is the option for these malignant 
tumors.

1.19  Peripheral Facial Palsy 
in Newborn, Congenital 
Facial Palsy

The incidence of peripheral facial palsy at birth, 
so-called congenital facial palsy, is between 1 and 
2 per 1000 newborns. The palsy is categorized as 
traumatic or developmental and distinguishing 
between the two is important since prognosis and 
therapy differ. The spontaneous recovery rate in 
congenital traumatic palsy is approximately 90%, 
while developmental facial palsy in general will 
not improve. The most common cause of uni-
lateral congenital palsy is birth- related trauma. 
Primipara, birth weight more than 3500 g, pro-
longed labor, and forceps delivery are risk factors 
for trauma. Signs of birth-related injury include 
face or skull lacerations or hematomas as well 
as mastoid hematomas and hemotympanum. 
Other anomalies, bilateral palsy or cranial defi-
cits indicate developmental background. Except 
for history and clinical findings, early-stage 
computed tomography and/or MR imaging may 
help differentiate traumatic (fracture of the skull 
base) from developmental palsy (ear anomalies). 
Furthermore, congenital traumatic palsy, in con-
trast to developmental palsy, initially shows nor-
mal electroneurographic and electromyographic 
responses at birth. In severe traumatic palsies, 

which also contrast to developmental palsies, 
synkinesis will develop after 3–4 months.

The causes of developmental facial palsy may 
be isolated (non-syndromic) or related to syn-
dromes. Family history of congenital facial palsy 
indicates a developmental origin. In Möbius syn-
drome with an incidence of approximately 1 per 
50,000 births, bilateral facial nerve palsy and uni-
lateral or bilateral abducens palsy are the most 
typical features. Other cranial nerves (especially 
hypoglossal) may also be affected and deformi-
ties of the head, trunk (pectoral muscles), and 
limbs (syndactylism and club foot) may accom-
pany the cranial nerve defects. The pathogenesis 
of facial palsy in Möbius syndrome is thought 
to be caused by a nuclear or peripheral lesion. 
Oculoauriculovertebral syndrome is a spectrum 
of craniofacial disorders with unilateral abnor-
malities related to first and second branchial 
arches. Hypoplasia of the maxilla and mandible, 
microtia, and abnormally small mouth opening 
are clinical features of this syndrome. In addition 
to facial palsy, sensorineural and/or conductive 
hearing loss is frequent in hemifacial microsmia. 
Goldenhar syndrome, a variant of oculoauricu-
lovertebral syndrome, also includes cleft palate, 
vertebral anomalies and epibulbar dermoids, 
as well as the above mentioned malformations. 
Symptoms affect both sides of the face in 10–30% 
of cases, with the right side usually more severely 
involved. Heart defects, kidney problems as well 
as central nervous system abnormalities may be 
present in this syndrome.

Congenital unilateral lower lip palsy, also 
called asymmetric crying facies, is confined to 
the lower lip depressor muscles innervated by the 
mandibular branch of the facial nerve. At rest, the 
face is symmetric but when crying or laughing 
drooping of the lower lip towards the unaffected 
side is seen. Congenital unilateral lower lip palsy 
is one of the commonest forms of congenital 
palsies. Sometimes this type may be associated 
with other malformations of which heart disease 
is most common. Other grounds or related dis-
orders to congenital facial palsy are CHARGE 
syndrome (colobomata, heart defects, atresia of 
choanae, retarded growth, genital hypoplasia, and 
ear abnormalities), facioscapulohumeral muscu-
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lar dystrophy, 22q11 deletion syndrome, osteo-
petrosis (Albers-Schönberg disease), and the use 
of thalidomide or misoprostol during pregnancy.
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A Multi-modal Approach 
to Outcome Tracking in Facial 
Palsy
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and Tessa A. Hadlock

Key Points
• Outcome assessment in facial palsy ought to 

be multi-modal, including patient-reported 
outcome measures, clinician-graded scoring 
systems, objective assessment tools, and lay-
person and spontaneity assessment.

• Patient-reported outcome measures are required 
to assess the psychosocial impact of facial nerve 
dysfunction, as experienced by patients.

• Clinician-graded scoring systems and objec-
tive assessment tools are needed to rate sever-
ity of disease and the effects of interventions. 
Time and cost constraints are being decreased 
with automation.

• Layperson assessments have been used to deter-
mine impacts of facial palsy on attractiveness, 
disfigurement, and non-verbal communication.

• A novel approach using machine learning 
algorithms to assess the emotionality of smil-
ing has been developed and shown to correlate 
with layperson assessments. A means of 
objectively quantifying spontaneity of smile 
has also been developed.

2.1  Introduction

Outcome tracking in facial palsy is critical in 
order to improve future outcomes. Currently, 
outcome measurement tools in facial palsy can 
be classified into patient-reported outcome mea-
sures, clinician-graded scoring systems, objec-
tive assessment tools, and emerging systems 
assessing spontaneity and incorporating lay-
person assessments. The ideal outcome mea-
surement approach must address the complex 
dysfunction that occurs in facial palsy, by assess-
ing patient-experienced morbidity, and outcomes 
of interventions from both the patient and clini-
cian perspective. This approach should also make 
objective measurements and provide a common 
language for future research [1]. Clearly a panel 
of outcome measures are required to capture all 
of these various domains, and such a panel should 
be sensitive to change, simple, and low cost to 
encourage widespread implementation [2].
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2.2  Patient-Reported Outcome 
Measures

Patient-reported outcome measures (PROMs) 
should be utilized to capture the significant psy-
chological and quality of life impacts associated 
with facial nerve palsy [3–5]. However, a recent 
survey of clinicians observed that the majority do 
not employ a PROM in the assessment of facial 
palsy patients [6]. The Facial Disability Index 
(FDI) and the Facial Clinimetric Evaluation 
(FaCE) scale are facial palsy specific surveys that 
assess the functioning of facial muscles from the 
patient’s perspective and the effect that dysfunc-
tion has on patients’ quality of life [7, 8]. Both 
have been validated; however, neither specifically 
assess the role of synkinesis in the patient’s bur-
den of morbidity [9]. To this end, the Synkinesis 
Assessment Questionnaire (SAQ) can be used as 
an adjunct or independent PROM tool for assess-
ment of synkinetic impacts on patients’ quality 
of life.

Introduced in 2001, the Facial Clinimetric 
Evaluation (FaCE) scale aims to measure both 
facial impairment and quality of life [8]. It has 
quickly become the most widely used PROM in 
facial palsy patients [6, 10]. The tool includes 
Likert-type questions and visual analogue scales 
covering facial movement, oral movement, lac-
rimal control, social function, facial comfort, 
and eye comfort. Scores for these domains are 
summed to yield the FaCE scale score. This scale 
ranges from 0 (worst) to 100 (best). The FaCE 
scale has demonstrated concurrent and conver-
gent validity with the HBGS and is thought to 
assess psychometric outcomes more completely 
than other PROMs [9].

The Facial Disability Index (FDI) consists 
of ten Likert-type questions addressing physi-
cal function and social function [7]. The index 
includes questions covering normal activities of 
daily living, such as drinking from a cup. The 
scores are collated giving a score from 0 (worst) 
to 100 (best). Developed in 1996, the tool has 
undergone validation testing [7, 9].

The Synkinesis Assessment Questionnaire 
(SAQ) was developed in 2007  in order to spe-
cifically address the deficiency of established 

PROMs to observe synkinesis-specific issues for 
patients [11]. The SAQ consists of nine items 
answered with five Likert-type responses. The 
answers are summated yielding a range from 0 to 
100, higher scores representing worse synkinesis. 
The SAQ has demonstrated good retest reliabil-
ity and construct validity [11, 12]. SAQ focuses 
on patient experience with synkinesis and can be 
combined as an adjunct with a facial palsy spe-
cific PROM.

2.3  Clinician Grading Scoring 
Systems

Historically, various clinician-graded scoring 
systems have been advocated with no single 
scale being universally utilized. Such tools are 
subjective assessment of facial function and have 
continually been proposed over the past 50 years 
[13]. Each tool assesses static and dynamic asym-
metry. Only some scales contain regional assess-
ment or determine degree of synkinesis.

The most widely used scale for facial nerve 
severity assessment is House–Brackmann grad-
ing scale (HBGS) [14]. After being adopted by 
the American Academy of Otolaryngology-Head 
and Neck Surgery in 1985, it remains the standard 
in the United States. The HBGS assesses overall 
facial nerve function using a six-point scale, from 
normal function to total paralysis. It accounts for 
secondary defects and synkinesis, can measure 
large changes over time and has good interob-
server and intraobserver reliability [14–22]. 
HBGS has been modified several times and used 
to measure outcomes in facial nerve reanimation, 
though this was not its original purpose [20, 23]. 
There are no regional subdomain scores in HBGS 
and so it is insensitive to regional improvements, 
which limits its utility in outcome measurement 
[24–27]. However, its simplicity and widespread 
use have ensured it remains a favored communi-
cation tool between clinicians.

The Sunnybrook Facial Grading Scale (SFGS) 
is a regional-based composite score, assessing 
facial symmetry at rest, symmetry with volun-
tary facial movements and synkinesis [26]. It 
was developed in 1996 in order to address limita-
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tions of the HBGS. Calculation of the SFGS is a 
three- step process: quantify the symmetry of the 
eye, cheek, and mouth at rest; assess five stan-
dard facial movements; and evaluate the face for 
synkinesis during facial expressions. These com-
ponent scores are weighted and the composite 
score is produced on a continuous scale (0–100). 
Compared to HBGS, SFGS has a greater abil-
ity to detect change [28] and has high intraob-
server and interobserver reliability irrespective of 
observer experience [19, 24, 29–31]. The scale 
is time-consuming to employ and retains an ele-
ment of subjectivity.

The Sydney facial grading system is similar 
to  the Sunnybrook system, involving a regional 
assessment of facial movement. Unlike the 
Sunnybrook scale, the Sydney approach breaks 
down the facial regions based on branches of the 
facial nerve and corresponding muscle groups 
[19]. The Sydney system has strong correlation 
with the Sunnybrook system [19]; however, it is 
not widely utilized and lacks proper assessment 
of intraobserver reliability.

Noting the limitations of the HBGS, the revised 
Facial Nerve Grading Scale 2.0 (FNGS2.0) was 
introduced in 2006 [32]. This system assesses 
four regions of the face based on movement 
(scored 1–6) and accounts for synkinesis (scored 
0–3). The summed score is then converted to a 
HBGS grade. Studies have shown high correla-
tion between the FNGS2.0 and HBGS with con-
sistently high interobserver reliability [13, 21, 27, 
32, 33]. The FNGS2.0 has been shown to better 
measure synkinesis when compared to the HBGS 
over time [21].

The Yanagihara scale was introduced in 1976 
and was one of the earliest widely accepted out-
come measure systems and remains in use in 
Japan [34]. The Yanagihara method is a regional 
system that assesses ten facial movements which 
are graded on a four-point scale. The summed 
score characterizes the spectrum of facial palsy 
from normal movement to total paralysis. Facial 
palsy resolution is defined as a score greater than 
36 with no associated synkinesis or facial muscle 
contraction [34, 35]. The Yanagihara scale pro-
vides useful regional information and correlates 
well with patient self-evaluation [36]. However, 

the scale is unweighted, potentially resulting in 
an inability to highlight specific facial move-
ments [18], only captures ocular synkinesis, and 
has low intraobserver reliability.

The Terzis Facial Grading System (TFGS) 
observes the cosmetic and functional outcome 
of facial reanimation with respect to contraction 
and symmetry [37]. It was developed in 1997 
specifically as a grading tool for comparing sur-
gical outcome with pre-operative state. It is easy 
to implement, offers dynamic movement assess-
ment and evaluates important endpoints: sym-
metry at rest, and with smiling [38, 39]. Its use 
has been widespread due to its ease of application 
[40–45]. Unfortunately, it lacks regional assess-
ment of function, ignores synkinesis and has not 
been comprehensively validated.

eFACE is a comprehensive application for cli-
nician grading of facial symmetry in unilateral 
facial palsy [46]. Using a digital interface, the 
observer scores 15 visual analogue scales with 
regard to static, dynamic movement and synkine-
sis. The complete spectrum of possible dysfunc-
tion is represented by the sum score of 0–100, 
with 100 representing normal function. The 
eFACE application has been demonstrated to be 
quick, sensitive to change, have high resolution 
for regional scoring (which have been weighted 
according to expert consensus [47]), accurately 
assesses synkinesis and have high inter-, intrao-
bserver and retest reliability [46, 48, 49]. The 
eFACE application enables a quick assessment 
of facial palsy outcome in a zonal manner, yet 
remains a subjective tool.

2.4  Objective Assessment 
Systems

Objective assessment systems have been devel-
oped to evaluate outcomes in a consistent manner 
[2, 13]. Photography with staged facial move-
ments is the most commonly utilized objective 
tool by clinicians [6], yet video-based analysis 
techniques remain poorly integrated into clini-
cal practice as they can be expensive and time- 
consuming. The increasing utilization of machine 
learning in medicine has enabled development of 
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efficient, cheap, and objective measurement sys-
tems in facial palsy patients [1, 50, 51].

The Facial Assessment by Computer 
Evaluation (FACE) application is more com-
monly referred to as the MEEI Facegram. 
Developed in 2012 and available from the Sir 
Charles Bell Society website, the MEEI Facegram 
can assess any frontal view photograph [2]. It is 
relatively quick and easy to implement as it does 
not require markers to be placed. Utilizing the 
average iris diameter of 11.8 mm, measurements 
of excursion of the eyebrow, palpebral fissure 
width, excursion of the commissure, and lip mea-
surements are calculated by the user, scaled and 
converted into a vector.

The application of machine learning to facial 
palsy photography assessment is represented by 
the Emotrics objective tool [50]. Developed in 
2018 and available as a freeware application, the 
Emotrics package is a facial landmark algorithm 
that automatically calculates facial displace-
ments from standard frontal photographs. Smile 
excursion and symmetry, brow symmetry, and 
palpebral width are measured. Additionally, the 
application can also assess differences between 
two separate images, thus proving useful tool to 
automatically compare pre- and post-operative 
phtographs [50].

An innovative videography assessment 
tool was developed by Frey et al. in 1994 [52]. 
Utilizing markers attached to facial landmarks 
and four video cameras in conjunction with a 
computer, a dynamic 3D video analysis was 
obtained. The system identified pairs of facial 
points to compare movement of the brows, 
eyes, nose, and mouth. Unfortunately, imple-
menting such a system in clinical practice was 
time- consuming and expensive, preventing its 
widespread adoption. Subsequent work simpli-
fied this method to a single camera, calibration 
grid and mirror system located behind the patient 
[53]. Paired with a facial analysis software pack-
age, this has resulted in an automatic standard-
ized objective assessment tool that is a sensitive 
and reliable quantitative facial outcome measure-
ment tool [54].

An alternative 3D videography assess-
ment tool is the FACIAL CLIMA system [55]. 

Developed in 2008, the system requires reflec-
tive markers and three positioned infrared 
cameras to evaluate facial movements for the 
patient. The system is capable of calculating 
distances between landmarks, velocities, and 
areas for facial palsy analysis [55]. It is easy 
to use and quick; however, similar to other 3D 
videography tools, the need for specialized 
equipment and cost have prevented its wide-
spread adoption.

3D stereophotogrammetry techniques are 
becoming more commonplace and may ultimately 
supersede 2D landmark-based assessment [56], 
though presently these tools are used predomi-
nantly in research settings [57]. A major advantage 
of 2D outcome measurement systems is that imag-
ing is simple to record using standard cameras, 
large databases currently exist, to which machine 
learning approaches can be applied [50, 58].

2.5  Emerging Systems

Recent studies have characterized the layper-
son impression of facial palsy, highlighting the 
important role of dynamic facial movements, 
particularly smiling [59–62]. The layperson may 
be the ideal assessor of a facial palsy outcome 
as they ultimately decide if patients are able to 
communicate emotion non-verbally or appear 
disfigured when attempting to smile [1, 63]. 
In practice, routine layperson assessments are 
impractical due to logistical issues and patient 
confidentiality.

Layperson assessment studies have identified 
the negative aesthetic consequence of unilateral 
facial palsy in patients [60, 64]. This is a com-
plex domain for assessment and is potentially 
best suited to the layperson interpretation [1]. In 
a layperson comparison of normal subjects and 
facial palsy patients, significantly lower attrac-
tiveness scores were reported for patients with 
facial paralysis, which was improved by reani-
mation surgery [60]. In an effort to better assess 
disfigurement in facial paralysis, over 500 lay-
persons assessed disfigurement in facial paralysis 
patients performing standard facial expressions. 
The layperson’s disfigurement rating was signifi-
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cantly correlated with the clinician-graded facial 
function (eFACE). Additionally, it was noted that 
patients with worse dynamic subscores were con-
sidered more disfigured by laypersons [62].

Facial movements play an integral role in non- 
verbal communication, which is greatly impaired 
in facial palsy patients [3, 65, 66]. The layper-
son assessment is sensitive to these differences. 
Machine learning tools developed on large data-
bases of facial expressions once validated could 
potentially serve as a proxy for the layperson 
assessment, circumventing the issues of privacy 
and practicality involved with utilizing layperson 
assessment in practice [1, 51].

Spontaneous smiling is an important outcome 
of smile reanimation and there are a number of 
different approaches to its assessment. Though 
various studies have defined spontaneous smile, 
currently no standardized assessment tool has 
been adopted in practice [67–71]. Despite the 
proposed “Tickle test” to elicit the patient to 
laugh, many authors make their assessment dur-
ing a conversation with the patient [69, 70, 72, 
73]. Such a process is open to confounding and 
confirmation bias [1, 74]. A standardized means 
of eliciting a spontaneous smile is through a 
standardized series of humorous videoclips. The 
spontaneous smile  assay has been validated to 
elicit at least one spontaneous smile in over 95% 
of both normal subjects and facial palsy patients 
[67]. Quantifying the spontaneous smile out-
come following reanimation surgery is extremely 
difficult and also prone to bias and error when 
performed by clinicians [74]. Another machine 
learning program has been developed to assess 
the emotionality of spontaneous smiling from 
videoclips of facial palsy patients watching 
humorous videos [51, 74]. Hopefully, objective 
tools such as these will lead to improvement of 
spontaneity outcomes for patients.

2.6  Conclusion

No ideal single tool exists that is appropriate for 
facial palsy outcome tracking. Clinician grading 
scoring systems remain widely utilized, particu-
larly for ease of communication. PROMs should 

be implemented in order to gain an understanding 
of the impact of interventions on patient-reported 
quality of life. Objective assessment tools are 
available and will gain greater adoption in clini-
cal practice as their utility is better understood. 
Layperson assessments, and automated equiva-
lents, will continue to give valuable insights 
into interesting subdomains of facial function 
such as emotionality and spontaneity following 
reanimation.

In summary, the complete approach to out-
come measures in facial palsy (P.A.L.Sy) should 
include [1]:

• Patient-reported outcome measures
• Automated and clinician-graded scoring systems
• Layperson assessment equivalent
• Spontaneous smile analysis

Disclosure Statement Dr. Hadlock, Dr. Dusseldorp, and 
Dr. Meares have nothing to disclose. No funding was 
received for this article.
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Documentation and Imaging 
in Facial Palsy

Tsz Yin Voravitvet, Chrisovalantis Lakhiani, 
and Tommy Nai-Jen Chang

3.1  Documentation in Facial 
Palsy

3.1.1  Overview

The facial palsy patient poses a unique problem to 
reconstructive surgeons. The myriad etiologies, 
symptoms on presentation, and clinical course 
pose a substantial sum of variables that affect 
reconstructive planning. Thus, standardized and 
detailed documentation are of paramount impor-
tance for assessing the need for reconstruction, 
surgical planning, and tracking outcomes. To 
date, while no universally standardized method 
of facial palsy documentation exists, substantive 
methods incorporate the factors of disease etiol-
ogy, degree of facial nerve involvement, presence 
of synkinesis, and progression of symptoms. As 
such, photo- videographic evidence are supple-
mentary but necessary for a complete clinical 
record and communication between practitioners.

Current systems can be classified into mea-
sures of impairment, or quality of life. With 
regard to the former, the most commonly used 
scales today are the House–Brackmann Facial 
Nerve Grading System and the Sunnybrook 

Facial Grading System. The House–Brackmann 
Facial Nerve Grading System was developed in 
1985 by otolaryngologists Drs. John House and 
Derald Brackmann [1]. It is divided into 6 cat-
egories or grades, with Grade 1 being normal 
and Grade 6 being total paralysis. This scale ben-
efits from its ease of use and rapid application. 
However, it suffers from the limitations of not 
individually reporting facial zones (facial nerve 
branch injury) and limited reporting of synkine-
sis. In contrast, the Sunnybrook Facial Grading 
System (developed by Dr. Julian Nedzelski at 
Sunnybrook Hospital in Toronto in 1994) scores 
discrete facial zones both at rest and with vol-
untary contraction. A patient receives points for 
the degree of normal resting tone or movement. 
The degree of synkinesis is then measured at the 
forehead, eye, and mouth and subtracted from 
the total score. A maximum total score of 100 is 
normal in this system. The Sunnybrook Facial 
Grading System benefits from its versatility by 
examining the patient at rest and with voluntary 
movement, inclusion of synkinesis in the final 
scoring, and division of mimetic measurements 
into zones of facial nerve injury.

Contrastingly, the Facial Clinimetric Evalua-
tion (FaCE) Scale was developed at the Baylor 
College of Medicine in 2001 as a patient- graded 
instrument for evaluating quality of life in the 
facial palsy patient [2]. This study has been 
well- validated and corroborated compared to 
the Facial Disability Index and Medical Out-
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comes Study Short Form 36 (SF-36) Question-
naire and quality of life index. It requires the 
patient to self- report their degree of synkinesis, 
discomfort, quality of life in daily activity, and 
social interference.

At the Chang Gung Memorial Hospital, 
Linkou Medical Center in Taiwan, a novel facial 
palsy documentation system is employed that 
was designed by Dr. David Chwei-Chin Chuang. 
Unlike the previous systems mentioned, this 
documentation method aims to be comprehen-
sive, including information on etiology, history, 
presentation, palsy of the unique branches of the 
facial nerve, as well as appearance at rest and 
with mimetic contraction (Fig.  3.1). The verti-
cal column is for the documentation of intended 
movements, whereas synkinetic movements 
would be documented in the horizontal row. This 
system is employed at the initial visit; however, 
the other validated scoring systems are used as 
well for tracking outcomes (Fig.  3.2). For the 
purposes of this chapter, we shall be discussing 
the method employed at our institution, as well 

as the resources utilized for assessing, scoring, 
and tracking our outcomes. These include photo- 
videographic recordings, which we shall discuss 
in the following section.

3.1.2  Patient Assessment

As with any disease presentation, it is impera-
tive to begin with a thorough history and physical 
examination. For the facial palsy patient, rel-
evant historical data include the onset and tim-
ing of symptoms, supposed etiology (infectious, 
traumatic, iatrogenic, or congenital), laterality, 
subjective visual impairment, and progression of 
the disease. In the case of iatrogenic or infectious 
etiology, it is imperative to ensure that no further 
treatments will be required, or that the disease 
has stabilized. Relevant data collection includes 
previous operative records and the current dis-
ease status documentation, especially in some 
patients who have received prior reconstructive, 
ablative, or cosmetic procedures.

Name: Gender: Chart No: Left / Right side Birth date(Age): Address:

Tel:

Date of Palsy:Cause of facial nerve palsy:

Present Illness

Past History:

Family history:
Physical Examination
At Rest
: symmetry vs. asymmetry (mild, moderate, severe)

(tension or hypertonicity at paretic side, oculofacial synkinesis, deep nasolabial fold, hypertrophy of corrugator, lower lip retraction, chain dimples,
neck bands, others___________________ )

Bell’s phenomenon present (yes / no)

Date of First Visit:

Blink (yes / no)

At Dynamic movement

Synkinesis Eye
(narrowing)

Upper lip
(contracture)

Lower lip
(contracture)

Chain
(dimpling)

Plastysma
(neck bands)

Face asymmetry
(mild, moderate, severe) No Synkinesis

Forehead raise

Eye closure :
lagophthalmos (       ) mm

Smile : visible tooth
(0  1  2  3  4  >4)

Lower lip pull-down

Whistling

M F

Palsy Weak Non-palsy

Palsy Weak Non-palsy

Palsy Weak Non-palsy

Fig. 3.1 Facial paralysis special chart in Chang Gung Memorial Hospital, Linkou Medical Cener, designed by 
Professor David Chwei-Chin Chuang

T. Y. Voravitvet et al.
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Prior to beginning the physical examination, 
one must ask for and take into account any pre-
vious facial palsy history (i.e., on the contralat-
eral side), related syndrome, or prominent facial 
asymmetry from any other cause. The physi-
cal examination begins with the patient at rest. 
It is essential to look for facial asymmetry, co- 
contracture, tension or hypertonicity at paretic 
side, oculofacial synkinesis, deep nasolabial fold, 
hypertrophy of corrugator, lower lip retraction, 
chin dimples, and any neck band. The presence or 
absence of the Bell’s phenomenon must also be 
separately addressed. Examination with dynamic 
movement then proceeds with documentation of 
the following functions, which correspond to the 
facial nerve branches:

• Forehead raise
• Eye closure
• Smile
• Lower lip pulling down
• Whistling

When asking the patient to activate the func-
tion of each facial nerve branch, one must also be 
searching for the presence of any synkinesis or 
co-contracture.

Finally, patient follow-up outcomes are 
recorded using House–Brackmann Scale [1], 
Chuang’s Smile Score System [3], Chuang’s 
Smile Cortical Adaptation Staging System [4] 
(Table 3.1), and Terzis and Noah Aesthetic and 
Functional Grading System [5].

3.2  Imaging in Facial Palsy 
Overview

Photography and to some extent videography 
have become indispensable components of the 
reconstructive surgeon’s documentation proto-
col. These tools serve not only to assist in track-
ing a patient’s clinical course, but also to allow 
for operative planning, transmission of informa-
tion, and afford some degree of medico-legal pro-
tection. With regard to the latter, it is important 
to note that informed consent should always be 
obtained for the procurement and use of patient 
photographs and recordings.

For the facial palsy patient, photo- videography 
takes on the added role of serving to objectively 
measure outcomes. While there have been several 

Facial Nerve Evaluation
House-Brackmann scale:

Before treatment

Chuang’s smile score system:

Chuang’s smile cortical adaptation staging system:

Terzis and Noah Aesthetic and Functional Grading System:

0 1 2 3 4

1 2 3 4 5

I II III IV V VI

After treatment : 1st year 2nd year 3rd year longer postop

Before treatment

After treatment : 1st year 2nd year 3rd year longer postop

Before treatment

After treatment : 1st year 2nd year 3rd year longer postop

Before treatment
After treatment : 1st year 2nd year 3rd year longer postop

I II III IV V

Fig. 3.2 Facial 
paralysis special chart 
for follow-up

Table 3.1 Chuang’s Smile Score System

Score Visible teeth Contracture Synkinesis
0 None or minimal 

central incisor
–0.5 –0.5

1 Full or near-full 
central incisor

–0.5 –0.5

2 Full central incisor 
and part of lateral 
incisor

–0.5 –0.5

3 Full central incisor, 
lateral incisor, and 
canine

–0.5 –0.5

4 Full central incisor, 
lateral incisor, canine, 
and premolar or more

–0.5 –0.5

3 Documentation and Imaging in Facial Palsy
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systems for analysis proposed, there is not yet a 
single universally adopted standard for photo-
videographic analysis of the facial palsy patient. 
Some may prefer to take measurement from still 
photographs [6], while others may employ stan-
dardized scales, such as the Scaled Measure of 
Improvement in Lip Excursion system [7]. At the 
Chang Gung Memorial Hospital, our most used 
photographic grading system is the Chuang’s 
Smile Excursion Score [3] due to its simplic-
ity and reproducibility (Table 3.1). This score is 
graded from 0 to 4 and focuses on smile evalua-
tion only. A score of 0 will have no or minimal 
central incisor show, whereas a score of 4 will 
have full central and lateral incisors, canine, and 
the first premolar. From this, 0.5 is subtracted if 
either contracture of synkinesis is present. The 
limitation of this grading system, however, is 
that it focuses only on smile correction as it was 
developed to track outcomes following recon-
struction of buccal branch injuries.

While we will here describe the methods of 
photo-videographic assessment employed at our 
institution, the primary factors of importance are 
standardization, repeatability, and clarity.

3.2.1  Composition and Positioning

Several resources have been developed with 
regard to photographic standards in plastic sur-
gery [8–10]. These include avoidance of shadow, 
maintaining consistent and unobtrusive lighting, 
use of a neutral, solid-color background, and a 
same photographer using a high-quality camera 
in order to get the consistent quality photos and 
videos (Fig. 3.3). As a general rule, facial pho-
tographs are recommended to be taken with a 
fixed- focal length lens to maintain consistency. 
Modern digital single lens reflex (D-SLR) cam-
eras afford the ability to easily change aperture, 
shutter speed, and exposure to achieve a high-
quality picture in most office lighting conditions. 
A 5-megapixel or more camera is also generally 
considered sufficient for medical photography. If 
possible, a tripod should be routinely employed 
to minimize blur. When possible, photographs 
should be taken by the same individual. A variety 

of commercially available software programs are 
now available for digitally cataloguing all photo-
graphs and recordings.

The protocol at our institution involves a 
standardized photograph and video recording 
at the pre-operative and each subsequent post-
operative visit. A tripod is always used, and pho-
tographs are taken at 2 m from the patient. The 
camera lens is set at the height of the nasal tip. 
Adjustments are made to set the inter-canthal 
line parallel to the horizontal axis of the photo-
graph. For the full-face anteroposterior view, the 
superior border of the head is framed by a small 
amount of background (about 10% of the verti-
cal height of the image). The inferior border of 
the image stops near the level of the supraster-
nal notch. Thus, we are able to capture an image 
from frontalis muscle function, orbicularis oculi 
closure, smile, and mentum, to the platysma. 
Photographs are then taken at rest, and with vol-
untary contraction.

Our procedure for capturing dynamic move-
ments is as follows:

 1. Frontal Branch: Patients are asked to elevate 
the forehead and create forehead wrinkles in 
order to evaluate frontalis muscle function. 
(Occasionally, this is difficult to observe and 
palpation of the forehead may be required to 
substantiate this finding.)

 2. Zygomatic Branch: It is imperative to observe 
for and document lid position first at rest. 
Subsequently, the patient is asked to close 
their eyes to examine for paralytic lagophthal-
mos. In the older patient, this finding may be 
further compromised by dermatochalasis. 
Video recordings are also taken at this stage to 
document lid lag and any concomitant 
synkinesis.

 3. Buccal Branch: The patient is asked to smile 
at a “mild” (“smile with ease”), “moderate,” 
and “full” (“smile with maximum effort”) 
dentured smile [11]. The patients are asked to 
pronounce the letter “E” as in “cheese” to 
facilitate smile performance and expose the 
teeth. Video documentation is used primarily 
for confirmation of the measurements made 
from photographs. In patients with missing 
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Pre-op

0.5 month
post-op

1.5 months
post-op

3 months
post-op

6 months
post-op

12 months
post-op

Fig. 3.3 A case demonstration to show a 30-year-old 
female who suffered from a left facial nerve schwannoma 
and underwent resection under the microscope. After 
the surgery, she developed a left sided neuropraxia. This 

improved over time. A single photographer (Dr. Tommy 
Nai-Jen Chang) using the same camera can get very con-
sistent high-quality serial photos to identify changes in 
facial expression
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teeth or malocclusion, the scoring is based on 
the predicted neutral dental position [12].

 4. Marginal Mandibular Branch: The isolated 
marginal mandibular nerve palsy can be 
checked by asking the patients to evert the 
lower lip. During the resting stage, the sym-
metry of the lip needs to be observed. If there 
is a palsy, the lip will deviate to the contralat-
eral (healthy) side.

 5. Cervical Branch: Patients are here asked to 
contract the neck muscles as in shaving.

3.2.2  Post-paralytic Facial 
Synkinesis (PPFS)

Other important parameters that need to be 
observed are the presence of co-contracture and 
synkinesis [10]. Facial synkinesis is an unwanted 
facial movement observed in a particular facial 
region accompanying a voluntary wanted one, 
usually caused by aberrant reinnervation among 
facial nerve fibers following nerve injury [11]. 
In the past, many physicians did not pay much 
attention to documenting the synkinesis status of 
the patient and overlooked this condition of facial 
paralysis. However, we now know the importance 
of this pathologic movement and the sequelae of 
this condition.

Facial synkinesis may occur not only during 
facial expression, but also at rest (i.e., the inter-
mittent blinking reflex causes intermittent cheek 
muscle twitching). Long-term unresolved synki-
nesis may result in permanent contracture, such 
as hypertrophy of the corrugator muscles, deep-
ened nasolabial folds, lower lip retraction, chin 
skin dimples, and neck bands [12]. As such, the 
photo documentation of this condition should 
be taken both at rest and dynamic movement. 
However, video recordings are able to provide 
much more detail with regard to these involuntary 
movements. It is important in these video record-
ings to use the standard AP view described, with 
exposure of the platysma in its entirety.

Following reconstruction, there is further 
benefit of video recording through offering the 

patient a record of how to perform induction 
exercises. Consistent recording throughout the 
follow-up period is able to track the stages of 
cortical adaptation to various nerve transfer tech-
niques [4].

3.3  Conclusion

Although there is no standard uniform grading 
system used at the moment, many reliable grad-
ing systems exist to aid the surgeon in assessing 
and following the patient. Photo-videographic 
data has become an indispensable tool for the 
purposes of documentation and planning. While 
it remains up to the surgeon to determine which 
methods suit his or her practice best, it remains 
important to employ consistent and thorough 
documentation for the purposes of reconstructive 
planning, tracking a clinical course, and measur-
ing outcomes.
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Pre- and Post-op Rehabilitation 
in Facial Palsy Patients

Othmar Schuhfried

Key Points
• The optimal functional recovery is the central 

aim of the rehabilitation in facial paralysis.
• The therapeutic strategies include facial 

exercise therapy of the mimic muscles, 
electromyography- biofeedback, electrother-
apy, massage, lymphatic drainage, and botu-
linum toxin injections.

• Methods of the clinical evaluation and follow-
 up assessments should be sensitive to changes 
with rehabilitation interventions.

Therapeutic options used in the rehabilitation in 
patients with facial dysfunctions include facial 
exercise therapy (physiotherapy, mirror therapy), 
electromyography (EMG)-biofeedback, electro-
therapy, massage, lymphatic drainage, and botu-
linum toxin injections. Although each modality 
has its indication, the facial exercise therapy is 
the basic intervention. The therapeutic strategy is 
based on the severity and course of the disease.

4.1  Facial Nerve Grading 
Instruments

Approximately every month the clinical assess-
ment should be repeated to assess possible 
improvement. Muscle strength of the mimic mus-
cle, static and dynamic facial asymmetry, and the 
presence of spasm and synkinesis should be eval-
uated. Synkinesis is the involuntary contraction 
of muscles that accompanies voluntary contrac-
tion of other muscles. For example when the 
patient smiles the eyelid closes on the affected 
side (synkinesis in the oculi and orbicularis oris 
muscle). In a large longitudinal multicenter study, 
synkinesis frequency was 21.3% at 12  months 
and synkinesis deteriorates between 6 and 
12 months [1]. The loss of facial symmetry and 
ability to smile and abnormal movement pattern 
create cosmetic and social problems. Therefore 
the evaluation of the quality of life and impair-
ment in social interaction is important [2].

4.2  House–Brackmann Score

The most popular method for assessing the severity 
of facial paralysis is the grading system according 
to House–Brackmann [3]. It analyzes the symme-
try, global mobility, stiffness, and synkinesis of the 
face. This scale ranges from 1 (normal) to 6 (severe 
dysfunction) and is therefore a rather rough scale 
that might be unable to detect subtle changes.
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4.3  Sunnybrook Score

This grading system measures three components 
of facial asymmetry: resting asymmetry, symme-
try of the voluntary movement, and synkinesis 
[4, 5]. A score of 100 points is related to normal 
facial symmetry. This score is sensitive to changes 
with rehabilitation interventions. Each component 
of this grading system is sensitive to change and 
individually contributes to a change in the com-
posite score [5]. The Sunnybrook  composite score 
at 1 month is a good predictor for synkinesis [1].

4.4  Chuang’s Smile Excursion 
Score

The smile excursion score assigns a score from 0 
to 4 to characterize patient’s smile based on the 
number of maxillary teeth exposed [6]. It is a 
simple, quick, and reliable system in evaluating 
smile before and after reanimation of the para-
lyzed face (Fig. 4.1).

Furthermore it is useful to perform an electro-
physiological assessment to evaluate the severity 
of the facial nerve lesion and prognose the time 
needed for recovery and the quality of recovery.

4.5  Exercise Therapy

Facial exercise therapy can improve functionality 
of the mimic muscle and therefore should always 
be included in the rehabilitation process. Facial 
exercises of the mimic muscles are the basic 
intervention and try to preserve muscular tone 
and activity, trophism, facial symmetry and to 
avoid abnormal movement pattern. Facial exer-
cise therapy is effective for facial palsy for the 
outcome functionality [7].

Facial exercise therapy should be performed 
by a specially trained facial physiotherapist or 
speech therapist. Facial exercise therapy must 
be adapted to the extent of the lesion, the pres-
ent facial activity, or any abnormal patterns of 
movement. Frequent repetitions and frequent 
daily sessions (individualized home program) are 
necessary. Repetition improves motor relearn-
ing. Based on the clinical evaluation, the facial 
exercises can be divided into four categories [8, 
9]: Initiation, Facilitation, Movement Control, 
Relaxation.

Initiation treatment category: If there are a 
moderate to severe facial asymmetry at rest, no 
visible muscle activity, and a flaccid mimic mus-
culature, the patients are placed in the initiation 
treatment category. Soft tissue mobilization and 
superficial massage are indicated. Active assisted 
range of motion exercises and small range move-
ment exercises are performed. Mass movements 
and overpowering by the muscle function of the 
uninvolved side of the face should be avoided 
(Fig. 4.2).

Facilitation treatment category: If there are 
a mild to moderate facial asymmetry at rest, an 
initiate facial movement, and no synkinesis, the 
patients are placed in the facilitation treatment 
category. Patients are instructed in individual-
ized soft tissue stretching and mobilization. 
Active and resistive exercise to increase facial 
movement excursion are appropriate. Awareness 

Fig. 4.1 Patient rated with 0 applying the Chuang’s smile 
excursion score. The smiling patient has no maxillary 
teeth visible on the paralyzed side of the face
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of signs of abnormal movement patterns (syn-
kinesis) and avoidance of mass movement is 
important. Emphasis is on slow, small move-
ments to gain symmetry. Mirror (visual) feed-
back or EMG-biofeedback can be used to learn 
adequate movements and to suppress abnormal 
muscle activity. Mirror mimic exercises and 
EMG- biofeedback could achieve the awareness, 
involvement, and engagement of patients in the 
recovery process.

Movement control category: If there are a 
mild to moderate facial asymmetry at rest and 
an initiate facial movement but synkinesis has 
developed, the patients are placed in the move-
ment control category. Patients are instructed 
in soft tissue massage of the facial muscles and 
relaxation techniques. The patients are guided 
in relearning isolate muscle contractions and to 
reduce muscle activity of abnormal patterns of 
movement. Producing desired facial movements 
without an accompanying synkinetic movement is 
the aim. Small range movement patterns are rec-

ommended. The emphasis is on controlling syn-
kinesis. Mirror feedback and EMG- biofeedback 
can be used to develop selective muscle control 
and decrease synkinesis [10].

Relaxation Category: If there are severe mus-
cular hypertonicity and synkinesis, the patients 
are placed in the relaxation category. The pri-
mary treatment for problems of facial twitches 
and spasm are relaxation exercises, such as 
modifications of the standard relaxation exer-
cises originally described by Jacobson and 
small rhythmic, alternating movements to relax 
muscles. Techniques to inhibit muscle activation 
include sustained stretching and cross-friction 
massage to reduce passive tissue restrictions. 
EMG- biofeedback is helpful to control the mus-
cle relaxation.

After supervised facial exercise therapy every 
patient is given a homework brochure to perform 
daily facial mimic exercises autonomously. A 
study showed that supervised exercises provided 
by a therapist are equally effective than facial 
exercises performed autonomously at home in 
terms of facial paresis recovery rate [11].

4.6  Electromyography- 
Biofeedback 
(EMG-Biofeedback)

In order to improve the perception of the correct 
movement sequences, an electromyography 
(EMG)-biofeedback apparatus can be used. Here 
the muscle activity is derived via EMG surface 
electrodes and visualized on an associated com-
puter screen. This facilitates the relearning of 
correct movements [12]. Whereas early efforts 
focus on global animation of the paralyzed face, 
as the problem of synkinesis is recognized, this 
technique is successfully directed to minimizing 
synkinetic motion. EMG-biofeedback electrodes 
can be placed simultaneously in muscles inner-
vated by different nerve branches to look for co- 
contraction and synkinesis [13]: frontalis muscle 
(temporal branch), orbicularis oculi muscle 
(zygomatic branch), zygomatic muscles (zygo-
matic branch), orbicularis oris muscle (buccal 
branch). The patient gets a feedback by a graph 

Fig. 4.2 Patient with a severe asymmetry of voluntary 
movement and overpowered muscle function of the unin-
volved side of the face. The loss of facial symmetry and 
ability to smile creates cosmetic and social problems
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on the monitor or a sound when he contracts the 
target muscle while simultaneously relaxing the 
synkinetic muscle. Therefore EMG-biofeedback 
helps the patient to perform selective muscle con-
trol and to decrease synkinesis. It is an objective 
means of measuring movements and outcome. 
Home-units can be used to perform EMG- 
biofeedback daily [13].

4.7  Electrical Stimulation

If the facial paresis is not spontaneously declin-
ing within 6 weeks, an electrostimulation of the 
mimic muscles can be started. If there is no 
electrophysiological sign of denervation and 
the reason of the facial palsy is neuropraxia, 
electrical stimulation with short impulses with 
a duration between 0.1  ms and 1  ms can be 
used. If there are electrophysiological signs of 
severe or complete denervation, triangular 
pulses (disturbances of accommodation of the 
denervated muscles) with a pulse duration of 
100–200 ms are required for this purpose. The 
stimulation should be performed for 5–10 min 
each muscle three sessions a week [14]. The 
current intensity should be as low as possible to 
initiate a twitch of the stimulated mimic mus-
cle. After ten therapy sessions, the stimulation 
should be paused for 1 month. If there is still no 
regeneration, a new electrotherapy session can 
be added. The electrical stimulation should not 
be used once contracture or synkinesis occurs 
[14]. The conclusion of a recent systematic 
review is that there is no evidence to support 
the use of electrical stimulation during the 
acute phase of recovery after Bell’s palsy and 
there is low-level evidence for patients with 
chronic symptoms [15].

After a muscular gracilis transplantation, 
the stimulation of the muscle transplant starts 
6  weeks after surgery. This is done daily for 
5–10 min until an arbitrary activity occurs (usu-
ally 4–8 months after surgery). Then the electri-
cal stimulation is ended and the focus is on active 
mimic exercises.

4.8  Massage

The aim of facial massage is to relax hypertonic 
muscles and to initiate mimic activity. External 
and intraoral facial massage are a useful supple-
ment [16]. Soft tissue massage with small ampli-
tude movements has been shown to promote 
muscle blood flow and keep the skin and muscles 
in optimum condition prior to reinnervation. 
Patients can also be instructed to perform self- 
massage techniques.

4.9  Manual Lymphatic Drainage

Manual lymphatic drainage maneuvers are con-
sidered to exert force on the interstitial fluids and 
thereby shifting them towards collaterals and/or 
normally functioning lymphatic vessels. These 
manipulations therefore not only soften tissues 
directly, but possibly also remove excessive local 
fluid. Lymphatic drainage can be used in the 
acute stage of an idiopathic facial nerve palsy, 
with the idea that it supports the reduction of the 
nerve’s swelling [16]. The manual lymphatic 
drainage also has a relaxing effect and the cuta-
neous stimulus has an initiating effect. The man-
ual lymphatic drainage can be recommended as a 
supportive method in the conservative therapy of 
idiopathic facial paralysis.

4.10  Botulinum Toxin

In the case of synkinesis, facial hyperkinesis, and 
imbalance, the application of the neurotoxin botu-
linum toxin A can be considered [17]. Botulinum 
toxin injections are a minimally invasive, well- 
tolerated technique that causes temporary paraly-
sis of hyperkinetic musculature. Nevertheless, side 
effects like induced lagophthalmos and keratitis, 
excessive facial weakness, and mild difficulty in 
talking, eating, or drinking are described [18]. The 
precise area or point and depth of injection are 
important. Before the injection of botulinum toxin, 
the patients should participate in a facial muscle 
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retraining program for a minimum of 16  weeks 
[9]. After application of botulinum toxin, facial 
exercise training is crucial for a successful out-
come. In the use of botulinum toxin in the man-
agement of facial paralysis, regular follow- ups and 
careful documentation should be undertaken.

The effect of complementary interventions 
such as acupuncture is dependent on the experi-
ence of the therapist. Positive therapeutic effects 
of acupuncture were described in the treatment of 
Bell’s palsy [19].

4.11  Postoperative Facial 
Rehabilitation

The postoperative rehabilitation interventions 
must always be agreed with the surgeon and his 
guidelines and prescriptions must be followed. 
Also, the individually healing and recovery pro-
cess must be taken into account.

4.11.1  Rehabilitation After 
Temporalis and Masseter 
Muscle Transposition

In the case of both temporalis and masseter muscle 
transposition, the innervation of the muscle 
depends on a nerve other than the facial nerve. 
Since the temporalis and masseter muscles are 
chewing muscles, the patients are instructed to bite 
while they smile. If no movement is visible, the 
patients are assigned to the initiation category. If 
movement is possible in the muscle, the patients 
are assigned to the facilitation category. Treatment 
includes teaching the patient how to exercise the 
transpositioned muscle while monitoring for syn-
kinetic movement. EMG- biofeedback can be used 
for facilitation of the desired movement. Patience 
and effort are required to overcome the difficulty 
dissociating and reassociating the function of 
chewing and smiling or chewing and closing the 
eye [20]. After months of training, motivated 
patients will undergo cerebral adaption and can 
learn to smile without clenching their teeth.

4.11.2  Rehabilitation After Labbé 
Technique

The rehabilitation should start 3 weeks after sur-
gery to prevent local adhesions. This begins with 
deep but soft massages of the tendon insertion 
into the commissure [21]. Furthermore, gentle 
exercises start and the symmetry of the face and 
smile, lip movement, swallowing, and articula-
tion are practiced. Using a mirror or EMG- 
biofeedback desirable movements are learned 
and unwanted movements are avoided. A smile is 
achieved by the movement of the lower jaw with 
consecutive contraction of the temporalis muscle. 
Over the time patients have to learn how to con-
tract the muscle and lift the corner of the mouth 
without clenching the teeth using brain plasticity 
capacities. A standardized protocol was devel-
oped by Lambert-Prou to achieve step by step a 
functional change of the temporal muscle to per-
form a spontaneous smile [22].

4.11.3  Rehabilitation After Nerve 
Transfers and Cross-Facial 
Nerve Grafting

The rehabilitation is similar to the facial motor 
rehabilitation for nonsurgical patients. If there 
are no visible muscle activities, patients are 
assigned to the initiation category. With little 
movements, the patients are assigned to the facil-
itation category. The most desirable result would 
be the complete return of the smile function and 
facial symmetry.

4.11.4  Rehabilitation After Free 
Gracilis Muscle Transfer 
for Reconstruction 
of the Smile in Irreversible 
Facial Palsy

In case of free gracilis muscle transfer, the trans-
planted muscle is completely separated from its 
original source of innervation, which is a branch 
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of the obturator nerve, and acquires a new source 
of innervation through the cross-face nerve graft, 
that is, through the contralateral healthy facial 
nerve. Thus, the muscle transplant undergoes a 
process of complete denervation and reinnerva-
tion until clinically evident and electrophysio-
logically measureable function can be registered 
[23]. After the surgery, special attention should 
be paid to reduce postoperative edema by soft 
tissue mobilization. Normally, clinically visible 
muscle function is not achieved before 6 months 
postoperatively. Patients undergoing free muscle 
transplantations for reconstruction of the smile 
are provided 6  weeks postoperatively with an 
electrical stimulation device and are instructed 
to stimulate the muscle transplant twice daily 
for approximately 10  min [16, 23]. The aim of 
this treatment is to facilitate motor re-education 
and prevent atrophy of the muscle transplant. If 
no motion is visible, patients are classified into 
the initiation category. If movements of the mus-
cular graft are present, they are classified into 
the facilitation category. Practicing small move-
ments is important and special lip exercises are 
performed.
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Electrophysiology in Facial 
Paralysis

Othmar Schuhfried

Key Points
• For the electrophysiological evaluation in 

facial paralysis, the most important methods 
are nerve conduction studies and the needle 
electromyography

• The aim is the verification of a peripheral 
lesion and determination of its extent

• The electrophysiological examination pro-
vides a decision support for therapeutic 
interventions

The electrophysiological evaluation of the facial 
nerve with nerve conduction studies (NCS) or 
needle electromyography (EMG) can be per-
formed to answer the following questions [1, 2]:

 1. Is the lesion peripheral?
 2. Severity of the lesion and what is the underly-

ing pathology: neurapraxia, axonotmesis, 
neurotmesis?

 3. Is there a chance for recovery?
 4. Is a surgical intervention necessary (electro-

physiological measures are one of the criteri-
ons for decision-making besides time of onset 
of the lesion, physical examination, underly-
ing pathology…)?

To evaluate the proximal segments of the 
facial nerve, blink reflex studies can be helpful.

5.1  Nerve Conduction  
Studies (NCS)

The maximum motor evoked action potential or 
the so-called compound muscle action potential 
(CMAP) is derived by surface electrodes from 
the mimic muscles after supramaximal transcuta-
neous stimulation of the facial nerve. The main 
trunk of the facial nerve can be stimulated either 
below the ear anterior to the mastoid, where it 
exits the stylomastoid foramen, or directly ante-
rior to the tragus. Selective branches of the facial 
nerve can be stimulated more distally.

5.1.1  Recording

Any of the following muscles can be used for 
recording: the frontalis, nasalis, orbicularis oculi, 
orbicularis oris, or mentalis (Fig. 5.1). The refer-
ence electrode can be placed over the same mus-
cle on the contralateral side of the face.

Avoiding interference with masseter CMAP is 
important (Fig. 5.2).
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5.1.2  Parameter

Compound muscle action potential (CMAP): The 
amplitude is proportional to the number of intact 
motor axons [1–4].

The latency: reflects conduction time along 
the fastest conducting fibers of the distal segment 
of the facial nerve.

CMAPs vary substantially from one patient 
to the other [5, 6]. Therefore the CMAPs of the 
affected side are compared with the healthy 
side. The following is postulated in this regard: 
the greater the nerve damage, the lower is the 
CMAP on the affected side compared to the 
healthy side. Severe degeneration of the nerve 
is suspected when the CMAP potential on the 
affected side is more than 90% lower than that 
on the healthy side (Fig. 5.3). In severe cases, 
there may be a complete loss of nerve stimu-
lability as an expression of complete degen-
eration. A definite determination of nerve 
degeneration can be demonstrated not earlier 
than 10–14 days after the onset of nerve dam-
age because a Wallerian degeneration takes 
that long to reach the mimic muscles [1, 2]. 

Fig. 5.1 Electrode configuration for nerve conduction 
studies: stimulation (blue electrodes) directly anterior to 
the tragus; recording from the frontalis muscle, nasalis 
muscle, and orbicularis oris muscle with adhesive elec-
trodes (red). The reference electrode is placed over the 
contralateral muscle. A ground electrode (green) is placed 
over the forehead, chin, or arm

30.5mA

5  ms / D1  mV / D
Fig. 5.2 Compound 
muscle action potential 
(CMAP) of the 
orbicularis oris muscle 
and interference 
(marked with the 
rectangle) with a 
masseter potential (small 
potential recorded 
before the origin CMAP 
of the mimetic muscle 
with a latency less than 
2 ms)
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Since the lesion site is usually proximal of 
the stimulation site, a reduction of the CMAP 
potential may be regarded as an expression of 
Wallerian degeneration. The degree of axonal 
loss has direct implication for the prognosis 
and the time required for recovery. The more 
the CMAP decrease, the slower the recovery 
will be. A distinct amplitude decrease and even 
the lack of the same (0–10% of the contralat-
eral side) point to heavy nerve damage and an 
incomplete clinical recovery [1].

For example, in the case with percentage 
degeneration of 50% compared to the not 
involved side but clinically complete palsy, we 
can draw that this facial paralysis may result par-
tially from conduction block and the prognosis 
might be good.

Serial NCS are recommended to predict the 
status of neural degeneration and the prognosis of 
the facial palsy. Due to the large intersubject and 
also intrasubject variability of the results (e.g., in 
healthy subjects of 22% of the CMAP of the 
nasal muscle) [6] and the fact that the late term 
results do not correlate well with clinical symp-
toms [7], NCS are only partly suitable for the 
purpose of monitoring.

In patients with hemifacial spasm, a response 
can be seen also in the muscle that is not directly 
innervated by the stimulated nerve branch. 
During stimulation of the zygomatic branch and 
recording from the orbicularis oculi muscle and 
simultaneously from the mental muscle, a poten-
tial can be recorded in both muscles (delayed 
response also in the mentalis muscle that is nor-
mally not innervated by the zygomatic branch) 
because of ephaptic spread and transmission.

5.2  Electromyography (EMG)

A procedure to demonstrate an axonal lesion of 
the facial nerve is the needle EMG of the mimic 
muscles. The crucial target muscles can be inves-
tigated: frontalis muscle (temporal branch), 
orbicularis oculi muscle (zygomatic branch), 
orbicularis oris muscle, nasalis muscle (buccal 
branch), mentalis muscle, depressor anguli oris 
muscle (marginal mandibular branch). Electrical 
activity of each muscle is recorded at rest and 
during volitional movement [1, 2, 8].

When the muscle is at rest, abnormal resting 
potentials so called pathological spontaneous 

5  mV / D 5  ms / D
Fig. 5.3 Side to side 
comparison of the 
compound muscle action 
potential (CMAP) of the 
orbicularis oris muscle 
showing severe nerve 
degeneration
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activity (positive sharp waves and fibrillations) 
are typical electromyographic signs of axonal 
damage and concomitant muscle denervation. 
Such pathological spontaneous activity does not 
occur in the presence of neurapraxia, but does 
occur in cases of acute axonal damage to the 
nerve. This sign of denervation does not appear 
earlier than 10–14 days after injury [8, 9]. In the 
mimic muscles, the assessment of pathological 
spontaneous activity can be difficult. Because of 
the usually small motor units, the narrow motor 
unit action potentials (MUAP) often look like 
fibrillations. In addition, for many patients it is 
not possible to completely relax these muscles.

The next step is to investigate the volitional 
activity of the mimic muscles. The configuration, 
duration, and amplitude of the recorded MUAPs 
are investigated by this procedure. The normal 
MUAPs of the mimetic muscles are smaller and 
shorter than those in the limb muscles (Fig. 5.4). 
Any MUAP with more than four phases is consid-
ered polyphasic and might herald nerve regenera-
tion. Additionally, the density of the interference 
pattern is evaluated during maximal volitional 
activity.

Needle EMG may also be helpful to answer 
the question of the optimal therapy option in 
facial neuropathy. When needle EMG reveals 
volitional activity, the nerve lesion is incomplete 
and at least a few axons are intact. Furthermore 

electrodes can be placed simultaneously in mus-
cles innervated by different nerve branches to 
look for co-contraction and synkinesis.

EMG can be used to monitor patients after 
nerve reconstruction. Signs of regeneration are 
frequently seen on needle EMG before the patient 
shows any clinical signs of recovery. Processes of 
reinnervation can be detected earlier by electro-
physiological analysis than by clinical analysis. 
Depending on the type of nerve reconstruction, 
reinnervation potentials can be found in the 
mimic muscles about 4–6 months after the nerve 
reconstruction procedure.

The findings of a low CMAP amplitude in 
NCS and pathological spontaneous activity 
(fibrillation potentials, positive sharp waves) with 
poor or no recruitment of normal configurated 
MUAPs in EMG are all consistent with an acute 
peripheral lesion.

5.3  Blink Reflex Studies

The blink reflex measures the entire reflex arc 
between trigeminal and facial nerves including 
proximal segments of the facial nerve [1, 2]. 
Neuropathies or compressive lesion of the facial 
or trigeminal nerve may be detected, as well as 
brainstem lesions.

In electrophysiological examination, the blink 
reflex is triggered by electrical stimulation of the 
supraorbital nerve. The stimulus response is reg-
istered simultaneously from both orbicularis 
oculi muscles. Afferent impulses are shifted by 
an oligosynaptic pathway to the ipsilateral facial 
nerve nucleus, whose stimulation causes an early 
and exclusively ipsilateral reflex component (R1) 
in the orbicularis oculi muscle after a latency of 
about 10 ms. The afferent impulses also descend 
to the caudal medulla oblongata. Ascending from 
this site and connected polysynaptically, these 
impulses reach both nuclei of the facial nerve so 
that the delayed stimulus response (R2) is regis-
tered bilaterally with a latency of about 30 ms. In 
view of the rapid habituation of the R2 response, 
a sequence of irregular low-frequency stimuli 
(below 0.5 Hz) is advisable. Only the R2 compo-
nent is seen on the contralateral side. The maxi-

Fig. 5.4 Electromyography: volitional motor unit action 
potential (MUAP) of the orbicularis oris muscle while the 
patient is pursing his lips
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mal difference in R2 latencies between the two 
sides is 5 ms. In cases of mild paresis, the sole 
pathological finding may be a reduction in the 
amplitude of the stimulus responses on the 
affected side. In cases of a more pronounced 
peripheral lesion, the amplitude of both blink 
reflex responses (R1 and R2) is either reduced 
and has a prolonged latency or is entirely absent 
at the affected side. In a central lesion, the first 
component (R1) is normal in terms of latency and 
amplitude.

The diagnostic value of the blink reflex lies in 
the fact that the facial nerve can be stimulated 
proximal to the site of the lesion through a reflex 
arc. The blink reflex can be used in chronic facial 
palsy to look for evidence of aberrant reinnerva-
tion: stimulating the supraorbital nerve and 
simultaneously recording from the orbicularis 
oculi and oris muscle.

5.4  Magnetic Stimulation

The facial nerve can be stimulated intracranially 
by magnetic stimulation. The absence of impulse 
conduction may be indicative of complete neura-
praxia or an interruption of axonal continuity. 
The results of magnetic stimulation are highly 
variable and its prognostic value is poor. 
Therefore, this procedure is not used for routine 
diagnostic investigation.

5.5  Outcome Indicators

Good prognosis: normal NCS after 10–14 days, 
late onset of Wallerian degeneration, no patho-
logical spontaneous activity in EMG after 
14–21  days, volitional EMG-activity, normal 
interference pattern, improving of volitional 

EMG-activity. Blink Reflex: R1 delayed or nor-
mal, reappearance of blink reflex within 2 weeks.

Poor prognosis: early onset of Wallerian 
degeneration, progressive decay of NCS- 
amplitude (CMAP) ≥90% reduction in com-
parison to the contralateral side, pathological 
spontaneous activity on EMG after 10–21 days, 
no volitional EMG. Blink Reflex: R1 absent.
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Key Points
• Facial nerve reconstruction requires the via-

bility of distal facial nerve branches, mimetic 
muscles, and motor end/plates.

• There are six types of facial nerve injuries: 
Nerve Injuries Type III or above will develop 
some degree of sequelae if not treated, from 
facial synkinesias, facial muscle weakness, or 
muscle contracture.

• The methods of facial nerve reconstruction 
include nerve decompression, direct nerve 
repair, interposition of nerve graft, nerve 
transfers, direct muscle neurotization, and 
end-to-side nerve repair.

• Timing of reconstruction is critical for optimi-
zation of outcomes, early intervention has in 
general yielded to better outcomes.

• The authors present a classification of Levels 
of Facial Nerve Injury in relation to the Method 
of Reconstruction in three levels: Level 1 or 

Central Nerve System or Intratemporal Nerve 
Injuries With Not Available Facial Nerve Stump, 
Level 2 or Intratemporal or Extratemporal 
Intraparotid Nerve Injuries with Available Facial 
Nerve Stump, and Level 3 or Extratemporal 
Extraparotid or Distal Nerve Injuries.

6.1  Introduction

Dysfunction of the facial nerve can occur after 
nerve insult due to trauma, cancer, or infection 
among others. It can be a result of an injury 
located at any level of the course of the nerve 
from its origin at the central nerve system until it 
reaches the neuromuscular junction at the 
mimetic muscles level. Due to its relatively 
superficial course, the facial nerve is one of the 
cranial nerves more sensitive to injuries in trauma 
or oncological resection in the head and neck 
area. The probability of its recovery depends on 
several factors such as level, severity, or time of 
the nerve injury.

Facial nerve reconstruction is defined as the 
group of surgical procedures that aim to restore 
the main facial nerve function by reinnervation of 
the mimetic muscles. Facial nerve reconstruction 
procedures therefore are indicated in stages of 
facial nerve injuries where the mimetic muscles 
are still not atrophied or absent, in oppose to 
long-standing or congenital facial paralysis, and 
have as requirement the viability of the motor 
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endplates and mimetic muscles thus allowing for 
possible reinnervation.

In this chapter, the authors describe the prin-
ciples of facial nerve reconstruction and the 
authors’ strategy and preferences in different lev-
els of injury.

6.2  Types of Facial Nerve Injuries

The prognosis of a facial nerve injury depends on 
the severity of the injury, among other factors. 
The classification of peripheral nerve injuries 
was described by Seddon [1] and Sunderland [2] 
in which the degree of nerve injury is associated 
to the integrity of the axons, its covering of 
myelin, and the different connective tissue layers 
of the nerve (epineurium, perineurium, and endo-
neurium) as displayed in Table 6.1.

If there is only a physiological block in nerve 
conduction, the degree of injury is called neuro-
praxia (Seddon) or Type I by Sunderland 
Classification. It is usually caused by nerve com-
pression and full recovery should be expected. 
There is no Tinel sign in neuropraxia as there is no 
nerve degeneration or regeneration. If the nerve 
injury leads to axonal disruption, it causes distal 
nerve degeneration (Wallerian degeneration) and 
the proximal end of the nerve tries to heal by a pro-
cess named nerve regeneration which translates 
clinically with the presence of Tinel sign. This level 
of injury is called axonotmesis in Seddon classifi-
cation and correlates with the Sunderland Types 
depending on which connective tissue layer of the 
nerve is affected: in type II only the axons are dis-

rupted, in type III the endoneurium is affected, and 
in type IV both endoneurium and the perineurium 
are affected, being a nerve fascicle disruption. In 
type II injuries, spontaneous recovery is possible as 
the axons will grow 1 mm/day through intact distal 
nerve fibers, and in type III injuries, there is axonal 
sprouting; however, the loss of endoneurium and 
the presence of intraneural scar create aberrant 
reinnervation where the axonal sprouting follows 
the “wrong” distal nerve channels and potentially 
creating facial synkinesias. Finally, when the nerve 
is totally transected including the outer connective 
tissue layer (epineurium), it is called neurotmesis 
(Seddon) or type V. In both type IV and V injuries, 
functional recovery is not possible without facial 
nerve reconstruction. Mackinnon et  al. [3] 
described type VI nerve injuries, where a combina-
tion of types II and IV of injury are encountered.

In facial nerve injuries type III or higher, it is 
unlikely full clinical recovery of the facial nerve 
function, with clinical sequelae in the form of syn-
kinesias due to aberrant reinnervation, muscle 
contracture or muscle weakness in form of incom-
plete or complete facial paralysis, therefore facial 
nerve reconstruction techniques may be indicated.

6.3  Methods of Facial Nerve 
Reconstruction

The reconstruction of the facial nerve includes a 
number of different surgical methods that aim for 
restoration of the facial nerve function, which 
involves guiding axons toward target organ 
(mimetic muscle) or removing scar tissue that 

Table 6.1 Types of nerve injuries

Type of injury
Nerve structure damage

Physiological 
nerve changes

Tinel 
sign

Prognosis without 
interventionSeddon Sunderland

Neuropraxia I Myelin sheath Conduction block No Complete recovery
Axonotmesis II Myelin sheath + Axon Wallerian 

degeneration
Yes

Neurotmesis III Myelin sheath + Axon + 
Endoneurium

Incomplete recovery 
with facial 
synkinesias

IV Myelin sheath + Axon + 
Endoneurium + Perineurium

Facial paralysis

V Myelin sheath + Axon + 
Endoneurium + Perineurium + 
Epineurium

Facial paralysis
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obstructs axons growing. Return of nerve function 
depends on several factors including the gap size 
between transected nerve segments and the type 
and condition of the organs being reinnervated [4].

Facial nerve reconstruction techniques use 
microsurgical magnification and instrumentation 
for exploration and repair of the facial nerve. The 
selection of the surgical method depends on sev-
eral factors including the type and time of injury, 
nerve gap, level of injury, or surgeon preference. 
Facial nerve reconstruction includes the follow-
ing methods that can be used as single procedure 
or in combination (Fig. 6.1): neurolysis or nerve 
decompression, direct nerve repair, interposition 
nerve graft, direct muscle neurotization, end-to- 
side and nerve transfers.

 (a) External Neurolysis or Nerve Decompres-
sion. In situation of compression of the 
facial nerve, usually within the temporal 
bone, nerve decompression by releasing the 
nerve from surrounding tight tissue allows 
to restore nerve conduction and function. 
The surgical decompression of intratempo-
ral facial nerve compression is usually per-
formed through a middle cranial fossa and 
transmastoid or translabyrinthine approaches 
based on hearing status. Despite there is no 
general consensus of the indication, some 
authors indicate facial nerve decompression 
in patient with complete acute facial paraly-
sis (House–Brackmann 6), greater than 90% 
nerve degeneration, and absent electromyog-

Fibrin glue

9/0 or 10/0 mini filament

A. Direct nerve
 repair

(end-to-end )

B. Interposition of
non vascularized

nerve graft

C. Interposition of
vascularized

nerve graft

D. End-to-side
nerve repair

E. Direct muscle
neurnotization

Fig. 6.1 Surgical 
methods for nerve 
reconstruction including 
direct nerve repair, 
interposition of 
nonvascularized and 
vascularized nerve 
grafts, end-to-side 
repair, and direct muscle 
neurotization
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raphy activity in patients with temporal bone 
fractures or in Bell’s Palsy [5].

 (b) Direct Nerve Repair. Direct coaptation of 
the transected ends is the method of choice 
in facial nerve injuries when possible. 
Direct nerve repair is performed using 
microsutures (epineural or fascicular, 9/0 or 
10/0 monofilament), fibrin glue, or both 
allowing for nerve continuity and appropri-
ate alignment of fascicles [4]. The nerve 
regeneration through the distal end of the 
repair occurs at an average pace of 1 mm/
day, depending on several factors that can 
influence the rate and quality of recovery 
[6]. One of the requisites to be able to do a 
successful direct nerve repair is the pres-
ence of healthy nerve stumps that allows for 
a tension-free nerve repair, therefore in case 
of a portion of the nerve is destroyed it is 
advisable to perform other techniques such 
as nerve graft interposition, nerve transfers, 
or end-to-side repair to provide more reli-
able nerve regeneration.

 (c) Nerve Graft Interposition. When there is not 
possible to do tension-free anastomosis due 
to the presence of a gap in the facial nerve, 
interposition of nerve grafts is necessary to 
bridge the nerve gap allowing for axonal 
growth and nerve regeneration. The use of 
autologous nerve grafts is the standard of 
care in reconstruction of nerve gaps [7], and 
the most commonly used donor nerves for 
autologous nerve grafting in facial nerve 
reconstruction are the sural and great auricu-
lar nerves. In case of long nerve gaps, com-
posite defects of nerve and soft tissue, or the 
presence of scarring bed, vascularized nerve 
grafts such as the vastus lateralis motor nerve 
or the lateral femoral cutaneous nerve have 
been used as interposition nerve flaps aiming 
to enhance the vascular supply of the nerve 
graft and increase nerve regeneration poten-
tial in combination with soft tissue recon-
struction [8].

 (d) Nerve Transfers. Nerve transfers uses of a 
donor nerve different from the ipsilateral 
facial nerve as a source of axons to innervate 
the mimetic muscle through the distal facial 

nerve, term that is also known as neurotiza-
tion. They are indicated when long segments 
of the facial nerve are irreversibly damaged, 
there is a lack of proximal facial nerve stump 
or in central nerve facial paralysis in the 
presence of intact distal facial nerve branches 
and viable mimetic muscles. Common clini-
cal scenarios include ablative oncology or 
trauma involving the brainstem and skull 
base [9, 10].

The most commonly used donor nerves in 
nerve transfers are the contralateral facial 
nerve, the masseter branch of the trigeminal 
nerve and the hypoglossal nerve, and less fre-
quently the spinal accessory nerve and 
phrenic nerves (Fig. 6.2). In case of selecting 
a donor nerve different of the facial nerve, 
spontaneous smile is only achieved in a 
group of patients, mostly described when 
using the masseter nerve transfer, therefore it 
is important an structured postoperative 
physiotherapy regime to increase the rate of 
central relearning that allows effortless smile. 
In addition, there is a risk of facial synkine-
sias associated with the activation of the 
original function of the donor nerve (biting 
when using the masseter, tongue movement 
with the hypoglossal nerve or shoulder eleva-
tion with the spinal accessory nerve for 
example), therefore efforts have been made 
to study the most optimal donor nerve in 
facial reanimation that allows for easy cen-
tral relearning and less involuntary facial 
movements [11, 12]. The nerve transfers can 
be performed by direct repair, using an inter-
position nerve graft or in an end-to-side man-
ner; however, the main advantages of using 
non-facial nerve as donors in nerve transfers 
is that is possible direct nerve coaptation 
close to the target muscle allowing a more 
effective facial reanimation and stronger 
smile excursion as they provide higher axon 
counts in comparison with cross-facial nerve 
grafts.

 (e) Direct Muscle Neurotization. When the 
distal branch of the facial nerve is not 
present or avulsed but the muscle is still 
viable, it is possible to implant the nerve 

A. Rodríguez-Lorenzo and C.-H. J. Tzou 
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into the substance of the muscle allowing 
for muscle contraction, procedure named 
as direct muscle neurotization. Direct 
muscle neurotization was pioneered by 
Terzis et  al. [13, 14] using it in mostly 
pediatric facial paralysis for both eye and 
lower lip reanimation. In this technique 
the distal end of a cross-face nerve graft is 
destined to neurotize a muscle and it is 
split into two to three fascicles, each one is 
implanted through a separate incision in 
the epimysium.

 (f) End-to-Side repair. End-to-side repair 
allows axonal sprouting in the distal nerve 
segment from a proximal donor nerve with 
the advantage of decreasing the donor site 
morbidity from the donor nerve that may be 
indicated in cases of not useable proximal 
facial nerve stump or in combination with 
other nerve reconstruction methods, usually 
in combination with an interposition nerve 

graft. The coaptation between the recipient 
and the donor nerves may be made directly 
onto the epineurial sheath or through an epi-
neurial window [15].

6.4  The Distal Target in Facial 
Nerve Reconstruction: 
Innervation of Mimetic 
Muscles

The facial nerve is a mixed nerve that has motor 
fibers allowing facial expressions, sensory fibers 
that conduct taste sensations from the anterior 
two-thirds of the tongue, and parasympathetic 
fibers that are responsible for increasing the 
saliva flow by innervation of the sublingual and 
submandibular glands, lacrimal production by 
innervation of the lacrimal gland, innervation of 
the nasal mucosa, and participation as the effer-
ent limb in the corneal reflex.

Fig. 6.2 Nerve transfers to the facial nerve. On the left, 
non-facial donor nerves in green including the masseter, 
hypoglossal, and spinal accessory nerves as the most com-
monly used nerve. On the right, nerve transfers using the 

contralateral facial nerve where different several nerve 
grafts can be used to target eye closure, smile reanimation, 
and lower lip depressors using end-to-end repair or end- 
to- side repair

6 Principles of Facial Nerve Reconstruction
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The main goal though in facial nerve recon-
struction is to reinnervate the mimetic muscles to 
restore facial expressions. There are 21 paired 
muscles and the orbicularis oris responsible for 
facial expressions which are innervated through 
the distal branches of the facial nerve [16]: 
 temporal, zygomatic, buccal, marginal mandibu-
lar, cervical, and posterior auricular. These 
branches have several interconnections with the 
neighbor branches (with the exception of the 
marginal mandibular, cervical, and posterior 
auricular which are relatively isolated from the 
others) and subdivide in several small branches 
that innervate every facial muscle. When plan-
ning facial nerve reconstruction both anatomical 

reconstruction (direct facial nerve repair or nerve 
graft) or functional (nerve transfers) is critical to 
have an appreciation of the distal innervation of 
facial musculature and its functions in facial 
expressions, to ensure that when doing nerve 
reconstruction the proximal nerve stump will 
reach the desired target. These are represented in 
Fig. 6.3.

If the aim of nerve reconstruction is eyebrow 
reanimation (activation of frontalis, procerus, 
and corrugator muscles), the main distal target is 
innervation of the temporalis branches; in case of 
eye closure (through activation of orbicularis 
oculi) innervation of the temporal (upper portion) 
and zygomatic branches (lower portion) should 

Function and muscle

Eyebrow animation

Close eye

Nose animation

Upper lip animation

Close/pucker mouth

Pull chin upward

• Elevation frontalis

• Downward/inward:
corrugator

Orbicularis oculi

• Nose animation
nasalis

• Elevation nasal/
nasolabial fold LLS

• Elevators: ZM, Zm,
LLS, LAO

• Lateral pull: Risorius
and buccinators

• Downward/medial:
procerus

Orbicularis oris

Mentalis

Lower lip depressors

(Depressor anguli
oris, depressor labii
inferioris, platysma)

Distal facial branch
innervation

Temporal

Temporal/zygomatic

Zygomatic & buccal

Marginal mandibular
& cervical

Fig 6.3 Representation of function of mimetic muscles and its innervation which are the selective targets for 
neurotization
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be performed; nose animation (activation of 
nasalis and Levator Labii Superioris Alaeque 
Nasi) is achieved through innervation of mostly 
zygomatic but also buccal braches; upper lip ani-
mation (elevators: ZM, Zm, LLS, LAO and lat-
eral pull: risorius and buccinators) is achieved 
through innervation of zygomatic and buccal 
branches; lower lip animation (upper pull of 
chin: mentalis and lower lip depressor DAO, 
DLI, platysma) is innervated by the marginal 
mandibular and cervical branches.

Identification of the distal facial nerve 
branches and its function can be done by anatom-
ical identification during nerve exploration and 
facilitated with the aid of an intraoperative nerve 
stimulator in traumatic cases within 72 h (before 
Wallerian degeneration), in oncological cases 
where the facial nerve is resected, and in cases of 
incomplete facial paralysis. In the ideal situation, 
all mimetic muscles of the facial nerve can be 
recovered after facial nerve repair; however, there 
are several situations where there is a need for 
prioritization of functions to be recovered by 
facial nerve reconstruction such as eye closure 
and smile reanimation over forehead and lower 
lip, in case of suboptimal conditions for nerve 
regeneration (aged patients, long nerve gaps, 
scarring bed, concomitant soft tissue and bone 
defects, etc.).

6.5  Timing of Facial Nerve 
Reconstruction

The decision of the timing for surgical explora-
tion and facial nerve reconstruction depends on 
the clinical scenario as the most important factor 
in determining the optimal dynamic facial palsy 
reconstruction to perform is to know the viability 
of existing facial mimetic muscles and motor 
endplates, thus allowing for possible reinnerva-
tion. Increased denervation time and advancing 
patient age both negatively affect nerve regenera-
tion and may lead to inferior outcomes of rein-
nervation procedures [10].

6.5.1  Timing or Nerve 
Reconstruction in Open Facial 
Nerve Injuries with Facial 
Nerve Deficits or Oncological 
Resections Including 
the Facial Nerve

The indication of early intervention and facial 
nerve exploration is obvious when there is a clear 
injury of the facial nerve in traumatic cases (i.e., 
a facial laceration with loss of one or several 
functions of the mimetic muscles) or in oncologi-
cal cases where ablation of the facial nerve is 
planned as part of the oncological resection. In 
these scenarios, acute exploration and recon-
struction of the facial nerve yield to the best 
results and ideally should be done within 72 h. 
During that time period the section of the axon 
distal to the site of injury tends to remain electri-
cally excitable before Wallerian degeneration is 
completed, allowing for better topographic iden-
tification of the distal nerve branches. In addition, 
early exploration of the facial nerve allows for 
more likely direct nerve repair as there is less 
retraction of the transected ends and easier mobi-
lization due to the lack of scarring.

6.5.2  Timing for Nerve 
Reconstruction in Acquired 
Facial Paralysis with Unknown 
Facial Nerve Status

Patients with acquired paralysis who have 
undergone serial clinical and/or electrophysio-
logic testing that has failed to show any func-
tional recovery by 6 months can be considered 
for a reinnervation procedure before complete 
muscle and motor endplate atrophy. To aid with 
decision- making, electrophysiologic testing can 
be helpful to determine the predicting functional 
recovery [17] and the viability of distal motor 
endplates. In case of intracranial tumor resec-
tion, such as acoustic neuroma, it is important 
the intraoperative information of the status of 
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the facial nerve provided by the surgeon to esti-
mate the potential for recovery. Depending on 
the age of the patient and the type of procedure 
intended, reinnervation can be successful up to 
12–18  months after denervation. Traditionally 
2 years has been the limit for indication of facial 
nerve reconstruction; however, there is no 
defined cutoff limit for denervation time that is 
universally applicable [10].

6.6  Classification of Levels 
of Facial Nerve Injuries 
in Relation to Facial 
Reconstruction Method

Insults to the facial nerve can occur along its 
entire anatomical course from the cerebral cortex 
to the innervation of the mimetic muscles. The 
facial nerve originates within the pons in the 
facial nucleus entering the temporal bone through 
the internal auditory meatus [18]. The intratem-
poral portion of the facial nerve divides in four 
segments: meatal, labyrinthine, tympanic, and 
mastoid. The labyrinthine segment extends from 
the internal auditory meatus to the geniculate 
ganglion, where the cell bodies of special vis-
ceral 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 giving off the stapedius nerve 
and the chorda tympani. The facial nerve exits 
the temporal bone through the stylomastoid fora-
men, yielding the extratemporal portion of the 
nerve, runs within the parotid gland and then 
innervates all muscles of facial expression.

To optimize the clinical outcomes, it is para-
mount in the selection the adequate method of 
reconstruction of the facial nerve, taking in consid-
eration the level of injury. Herein, the authors clas-
sified the injuries to the facial nerve in three levels 
in relation to their nerve reconstruction methods of 

choice or strategies (Fig. 6.4): Level 1 or Central 
Nerve System or Intratemporal Nerve Injuries 
With Not Available Facial Nerve Stump; Level 
2 or Intratemporal Nerve Injuries Extratemporal 
Intraparotid Injuries with Available Facial Nerve 
Stump; and Level 3 or Extratemporal Extraparotid 
or Distal Nerve Injuries (Table 6.2). This classifi-
cation serves as a reference to the authors to indi-
cate the method of reconstruction; however, this 
needs to be individualized to patient’s needs.

6.6.1  Level 1: Central Nerve System 
or Intratemporal Nerve 
Injuries with Not Available 
Facial Nerve Stump

Common clinical scenarios of this level of injury 
include patients with complete facial paralysis 
after ablative oncology or trauma involving the 
brainstem and skull base. The ipsilateral facial 
nerve is not usable, therefore the donor nerves for 
neurotization available are the contralateral facial 
nerves and/or ipsilateral non-facial cranial nerves 
(typically the masseter, hypoglossal, and spinal 

Stylomastoid
foramen

Parotid gland

1

2

3

Fig. 6.4 Illustration of classification of levels of facial 
nerve injury in relation of nerve reconstruction method. 
Level 1 or central nerve system or intratemporal nerve 
injuries with no available facial nerve stump; Level 2 or 
intratemporal nerve injuries extratemporal intraparotid 
injuries with available facial nerve stump; Level 3 or 
extratemporal extraparotid or distal nerve injuries
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Table 6.2 Classification of levels of injury to the facial nerve in relation to facial nerve reconstruction method

Level Description

Source of 
proximal 
donor axons 
for 
neurotization

Most common 
etiology of facial 
nerve injury

Typical clinical 
and 
intraoperative 
findings

Method of choice 
of facial nerve 
reconstruction

Donor nerve and 
recipient target

1 Central nerve 
system or 
intratemporal 
nerve injuries 
with not 
available facial 
nerve stump

Contralateral 
facial nerve
Non-facial
cranial 
nervesa

Brainstem 
tumors
Skull base 
fractures

Complete 
facial palsy 
(exploration 
of facial 
nerve is 
usually not 
performed)

Combination of 
nerve transfers 
with cross-face 
nerve graft

Masseter nerve 
to the upper 
trunk of the 
facial nerve for 
eye and smile 
reanimation and 
contralateral 
platysma motor 
nerve with a 
nerve graft or 
mini-hypoglossal 
transfer to the 
marginal 
mandibular 
branch for lower 
lip reanimation

2 Intratemporal 
and 
extratemporal 
intraparotid 
nerve injuries
with available 
facial nerve 
stump

Ipsilateral 
facial nerve
Contralateral 
facial nerve
Non-facial 
cranial 
nerves

Oncological 
resection 
including 
parotid or/and 
lateral temporal 
bone

Complete 
facial palsy
±
Long nerve 
gaps
±
Soft tissue 
defect
±
Aged patients
±
Pre- or 
postop 
radiotherapy

Dual innervation 
of the face by 
nerve transfers 
and ipsilateral 
facial nerve

Masseter nerve 
to the buccal and 
zygomatic 
branches for 
smile, nose and 
lower orbicularis 
oris 
reinnervation 
and ipsilateral 
facial nerve with 
nerve graft to the 
upper zygomatic 
and temporal 
branches for eye 
and forehead 
reanimation.
Lower lip 
reanimation can 
be performed 
with mini- 
hypoglossal 
transfer to the 
marginal 
mandibular 
branch

3 Extratemporal 
extraparotid 
or distal nerve 
injuries

Ipsilateral 
facial nerve
Contralateral 
facial nerve
Non-facial 
cranial 
nerves

Facial trauma or 
selective 
oncological 
procedures (i.e., 
neck biopsy, 
submandibular 
gland, skin 
cancer excision)

Incomplete 
facial palsy
±
Selective 
injuries to 
distal nerve 
branches

Anatomical 
reconstruction: 
Direct nerve 
repair of nerve 
grafts or 
intrafacial nerve 
transfer in absent 
proximal stump 
of the branch of 
the facial nerve

Ipsilateral facial 
nerve branches 
and transected 
distal nerve

aFunction of other cranial nerves needs to be evaluated to confirm its functionality
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accessory nerves). Clinical exploration or elec-
trophysiological studies of the viability of other 
cranial nerves are necessary to confirm its usabil-
ity in nerve transfers.

There are different combinations of neurotiza-
tions that can be used; the authors approach is to 
use the masseter nerve to the upper facial nerve to 
achieve both eye closure and smile/orbicularis 
oris reanimation and the contralateral platysma 
motor nerve or the mini-hypoglossal nerve trans-
fer (end to side or with jump graft) to innervate 
the marginal mandibular branch for lower lip 
reinnervation. The synkinesias in eye closure 
using the masseter nerve are usually discrete.

6.6.2  Clinical Example

A 24-year-old female with neurofibromatosis type 
2 with complete left facial paralysis after resection 
of a left vestibular schwannoma (Fig.  6.5) who 
received facial nerve reconstruction 3 months after 
initial tumor resection with masseter nerve trans-
fer to the upper facial nerve and the contralateral 
platysma motor nerve with a nerve graft to the 
marginal mandibular nerve (Fig. 6.6). One  year 

post op showing excellent facial reanimation with 
discrete oro-ocular synkinesias (Fig. 6.7).

6.6.3  Level 2: Intratemporal 
and Extratemporal 
Intraparotid Nerve Injuries 
with Available Facial Nerve 
Stump

Common clinical scenarios in this level of injury 
include oncological resection of tumors that require 
parotidectomy and/or lateral temporal bone resec-
tion and often associated with other soft tissue 
defects (skin och volume defect in the neck), long 
nerve gaps, the need of adjuvant radiotherapy and 
mostly likely in aged patients [19]. All these factors 
affect negatively nerve regeneration, therefore the 
strategy of facial nerve reconstruction needs to aim 
for providing high number of axons to the distal 
facial nerve branches to be able to reanimate the 
face. Traditionally approaches have used only 
interpositional nerve grafts between the facial 
nerve stump and the distal facial nerve branches; 
however, due to the poor conditions for nerve 
regeneration, the outcomes have not been consis-

Fig. 6.5 Clinical example of Level 1 Facial Nerve Injury. Twenty-year-old female with complete left facial paralysis 
after resection of an intracranial vestibular schwannoma
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tently satisfactory and are in our opinion indicated 
only in short nerve gaps (less than 5  cm) in this 
level of injury. These factors make that our 
approach to this level of injury is to maximize the 
number of axons that reanimate the mimic muscles 
by using a combination of nerve grafting of the 
facial nerve with nerve transfers aiming to restore 
the function of selective distal targets (eye closure 
and midface reanimation as priorities and forehead 
and lower lip as secondary targets).

Our method of choice is what we call “dual 
innervation of the facial nerve” to maximize the 
number of axons to every target, with prioritiza-
tion of eye closure, smile reanimation, ad nose 
reanimation by innervating the nose and oral 
complex with the masseter nerve and using the 
facial nerve stump with a nerve graft for eye clo-

sure and forehead reanimation. The lower lip 
depressors are set as a secondary goal and could 
be addressed by hypoglossal nerve transfer end to 
side or with jump graft or can be addressed later 
with ancillary procedures or myomectomy.

6.6.4  Clinical Example

A 37-year-old man with parotid metastasis of a 
teratocarcinoma needed parotidectomy with facial 
nerve resection, mastoidectomy, and radical neck 
dissection. The defect was reconstructed immedi-
ately using a fasciocutaneous ALT flap, and facial 
nerve reconstruction was performed with a dual 
innervation, using the masseter nerve transfer for 
midface reanimation and facial nerve stump with 

a b c

Fig. 6.6 Intraoperative photo of facial nerve reconstruc-
tion. (a) Exposure of facial nerve branches (yellow vessel 
loop) and masseter nerve (blue vessel loop). (b) 
Contralateral dissection of platysma motor nerve. (c) 

Nerve coaptation of the masseter nerve with the upper 
trunk of the facial nerve and contralateral platysma motor 
nerve with a cross-face nerve graft to the marginal man-
dibular nerve

Fig. 6.7 One-year follow-up showing good facial symmetry and facial reanimation. Oro-ocular synkinesias are only 
evident with maximal eye closure
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a nerve graft for eye reanimation (Fig. 6.8). One-
year follow-up the patient showed good symme-
try at rest and excellent facial reanimation with 
effortless smile being able to smile with an open 
mouth (Fig. 6.9). Note that the lower lip was not 
reanimated or the forehead as priority was given 
to the perioral and periocular muscles.

6.6.5  Level 3: Extratemporal 
Extraparotid or Distal Nerve 
Injuries

Common clinical scenarios seen in this level are 
facial trauma including branches of the facial 

nerve of selective oncological procedures that 
require soft tissue excision that may involve the 
facial nerve. Therefore, only partial facial palsy 
may be encountered and only selected branches 
are affected. Our method of choice in this inju-
ries is anatomical reconstruction of the continu-
ity of the facial nerve branches by direct repair 
or interposition of nerve grafts. In case of avul-
sion or absence of the proximal stump of one of 
the branches, intrafacial nerve transfers can be 
Extratemporal Extraparotid or Distal Nerve 
Injuries performed by using expendandable 
neighbor branches for neurotization such as the 
cervical branch to the marginal mandibular 
branch.

a b

Fig. 6.8 Clinical example of Level 2 Facial Nerve Injury. 
Thirty-seven-year-old male with complete left facial 
paralysis after resection of an advanced teratocarcinoma 
with metastasis in the parotid. (a) Photo after parotidec-
tomy, radial neck dissection, and mastoidectomy. Facial 

nerve reconstruction is performed with dual innervation 
by using the masseter nerve to midface reinnervation and 
facial nerve stump with nerve graft to the periocular mus-
cles (b). Final closure with a free ALT flap
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6.6.6  Clinical Example

A 20-year-old female with incomplete right 
facial paralysis affection the buccal and mar-
ginal mandibular branches after a traffic accident 
with a penetrated injury with a truck window in 
the right Extratemporal Extraparotid or Distal 

Nerve Injuriescheek (Fig. 6.10). Acute repair 
within 24 hours was performed with repair of 
the buccal and marginal mandibular branches 
(Fig.  6.11). Follow-up after 18  months  year 
showing full recovery of both orbicularis oris 
function and marginal mandibular branch 
(Fig. 6.12).

a b c

Fig. 6.9 Clinical photos of the patient. (a) One week postoperative after tumor resection and reconstruction showing 
complete facial paralysis. (b) Effortless smile with open byte 1 year postop. (c) Eye closure 1 year postoperative

Fig. 6.10 Clinical example of Level 3 Facial Nerve 
Injury. Twenty-year-old female with incomplete right 
facial paralysis affection the buccal and marginal man-

dibular branches after a traffic accident with a penetrated 
injury with a truck window in the right cheek
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Fig. 6.11 Intraoperative photos of direct nerve repair of both buccal and marginal mandibular nerve branches

Fig. 6.12 Follow-up at 18 months postoperative showing full recovery of both orbicularis oris function and lower lip 
depressors
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Abbreviations

acf Anterior cranial fossa
an Great auricular nerve
ba Basilar artery
ca Internal carotid artery
cfd Cervicofacial division
ch Cerebellar hemisphere
cn2 Optic nerve
cn3 Oculomotor nerve
cn6 Abducent nerve
cn7 Facial nerve
cn8 Vestibulocochlear nerve
eam Opening of external acoustic meatus
ejv External jugular vein
fa Facial artery
fv Facial vein
iam Ostium of internal acoustic meatus
in Infundibulum
jf Jugular foramen
la Labyrinthine artery
mcf Middle cranial fossa
me Transition zone of medulla spinalis to medulla 

oblongata
mm Masseter muscle
mp Mastoid process
ob Olfactory bulb

of Oval foramen
p Petrous part of temporal bone
pa Parotid gland
pcf Posterior cranial fossa
pl Platysma muscle
po Pons
rm Retromandibular vein
s Sella turcica
smf Stylomastoid foramen
sp Styloid process
sta Superficial temporal artery
tfa Transverse facial artery
tl Temporal lobe
va Vertebral artery
zm Zygomaticus major muscle

This chapter will briefly recapitulate the anatomy 
of the facial nerve. As the facial nerve emerges 
from cranial nerve (CN)7 as its motoric portion 
the first part will focus on the anatomical course 
and diverse targets of CN7. The second part of 
this chapter contains a detailed description of the 
facial nerve regarding intracerebral, intracranial, 
and extracranial anatomical and topological char-
acteristics, and also functional aspects.
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7.1  Cranial Nerve (CN)7

Traditionally cranial nerve (CN)7 is referred to as 
facial nerve. Together with CN8 it leaves the 
brain at the cerebellopontine angle (Fig. 7.1) and 
travels through the subarachnoid space towards 
the posterior surface of the petrous part of the 
temporal bone. Here the nerves are joined by the 
labyrinthine artery and together they enter the 
internal acoustic opening. On their way through 
the internal auditory (acoustic) meatus CN7 sep-
arates and enters the facial (Fallopian) canal 
(Fig. 7.2a, b).

The fallopian canal and the nerve inside have 
three segments: The first (labyrinthine segment) 
is very short and oriented fronto-laterally, the 
second (tympanic segment) is oriented occipito- 
laterally, and the third (mastoid segment) 
descends until the canal terminates at the stylo-
mastoid foramen (Fig. 7.2c, d). The nerve leaves 
the canal through this opening. At the transition 
of the labyrinthine to the tympanic segments the 
canal and CN7 form an acute curve, the (second) 
geniculum, which contains the genicular gan-
glion with sensory nerve bodies.

While running inside the facial canal, various 
branches leave CN7. The greater petrosal nerve 
branches off where the nerve forms the genicu-
lum. The chorda tympani, the stapedial nerve, 
and a branch joining the auricular branch of the 
vagus nerve (Arnold’s nerve) leave the mastoid 
segment [1].

7.1.1  Targets of CN7

The branches of CN7 innervate the derivatives 
of the material derived from the mesenchyme 
of the second pharyngeal (branchial) arch. They 
comprise general and special sensory, parasym-
pathetic, and motoric fibers or combinations. 
Motor targets are the stapedius muscle, mimic, 
auricular, and posterior suprahyoid muscles. 
Parasympathetic targets are the lacrimal gland, 
two salivary glands (sublingual and subman-
dibular), and small glands and the mucosa of the 
palatine and nasopharynx. General sensory tar-
gets are small areas at and near the auricle and 
the external acoustic meatus. Special sensory 
targets are taste buds in the anterior two-thirds 
of the tongue and scattered buds on the hard and 
soft palate.

Between the cerebellopontine angle and the 
Fallopian canal, the sensory and parasympathetic 
fibers run together and form the nervus interme-
dius (intermediate nerve of Wrisberg), which is 

Fig. 7.1 Facial, intermediate, and vestibulocochlear 
nerve (cn7 + 8) near base of the brain. Inlay shows magni-
fication of right cerebellopontine angle. tl temporal lobe, 
po pons, me transition zone of medulla spinalis to medulla 
oblongata, ch cerebellar hemisphere, in infundibulum, va 
vertebral artery, ba basilar artery, ca internal carotid 
artery, ob olfactory bulb, cn2 optic nerve, cn3 oculomotor 
nerve, cn6 abducent nerve, cn7 + 8 facial and vestibuloco-
chlear nerve
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a b

c d

Fig. 7.2 Key features along the passage of facial nerve 
through cranium. (a, b) Features of internal skull base 
without (a) and in association with dura mater, nerves, 
and brain arteries (b). The roof of the internal acoustic 
meatus and the labyrinthine segment of the facial canal 
are removed in the inlay. (c, d). Topology of the stylomas-
toid foramen. acf anterior cranial fossa, mcf middle cra-

nial fossa, pcf posterior cranial fossa, s sella turcica, p 
petrous part of temporal bone, of oval foramen, jf jugular 
foramen, iam ostium of internal acoustic meatus, la laby-
rinthine artery, eam opening of external acoustic meatus, 
sp styloid process, m mastoid process, smf stylomastoid 
foramen
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part of CN7, but separated from its motoric por-
tion. At the level of the geniculum of CN7, the 
perikaryon of the sensory neurons form the 
geniculate ganglion.

7.2  Facial Nerve: Motoric Portion 
of CN7

In addition to its use for describing CN7, the term 
facial nerve is used for referring to the (branchial) 
motor portion of CN7 only. This chapter will 
make use of this definition and focus on the 
description of the motoric portion of CN7.

7.2.1  Intracerebral Segment

The motor nuclei of the facial nerve are located in 
the ventral rhombencephalon near the midline. 
They receive excitatory fibers from neurons sit-
ting in the motor cortices, which are mainly the 
precentral gyri of the frontal telencephalic lobe. 
Their axons travel via the internal capsule and the 
cerebral peduncles towards the nuclei as part of 
the corticonuclear tracts. In the  rhombencephalon, 
the majority of the corticonuclear fibers cross 
sides and enter the contralateral motor nucleus of 
the facial nerve. A smaller amount of fibers enters 
the ipsilateral nucleus.

The fibers from the contralateral primary 
motor cortex form synapses with neurons target-
ing all muscles innervated by the facial nerve. 
The smaller amount of corticonuclear fibers that 
do not cross sides and enter the ipsilateral nucleus 
solely terminate at neurons targeting muscles of 
the upper face. Hence, the neurons of the motor 
nucleus of the facial nerve sending fibers towards 
the muscles of the upper face, including the orbi-
cularis oculi muscle, can be activated by the con-
tralateral and the ipsilateral primary motor cortex. 
The rest of the neurons and thus all other facial 
muscles can only be activated by the contralateral 
primary motor cortex.

The axons leave the nucleus of the facial nerve 
medially and ascend towards the floor of the 
fourth ventricle. They circumvent the nucleus of 
the sixth cranial nerve dorsally, thereby elevating 
the rhomboid fossa to form the facial colliculus. 
Then the fibers descend towards the cerebello-
pontine angle passing ventromedially to the spi-
nal nucleus of the trigeminal nerve.

7.2.2  Intracranial Segment

After leaving the brain the motor fibers run as 
part of CN7, but separated from the sensory and 
parasympathetic fibers of the intermediate nerve 
towards the fallopian canal (see above). Fibers 
innervating the stapedius muscle leave the mas-
toid segment and the rest of the motoric fibers 
then pass through the stylomastoid foramen.

7.2.3  Extracranial Segment

Positioned between the styloid and mastoid pro-
cesses, the facial nerve forms the posterior auric-
ular branch and sends branches to the stylohyoid 
and posterior venter of digastric muscles. In addi-
tion, either the digastric ramus or the main stem 
sends communicating fibers to the glossopharyn-
geal nerve (Haller ansa).

The posterior auricular branch ascends dorsal 
to the auricle and connects with the vagus, the 
posterior branch of the great auricular and the 
lesser occipital nerve. It innervates the occipital 
belly of the epicranius muscle and, together with 
the temporal branch of the facial nerve (see 7.2.5) 
the auricular muscles.

7.2.4  Parotid Plexus

After submitting these branches, the stem of the 
facial nerve enters the tissues of the parotid gland. 
It comprises up to 4.000 nerve fibers and bifur-
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cates into a temporofacial and a cervicofacial 
division [2]. The temporofacial division is joined 
by a branch of the auriculotemporal nerve, which 
provides parasympathetic and sympathetic secre-
tory fibers for the innervation of the parotid 
gland. The secretory fibers use the branches of 
the facial nerve to distribute in the parotid gland. 
The perikarya of the parasympathetic fibers are 
located in the otic ganglion and can be activated 
by fibers originating from perikarya in the infe-
rior salivatory nucleus and travel to the ganglion 
via the glossopharyngeal, tympanic, and finally 
lesser petrosal nerve (Jacobson anastomosis). 
The sympathetic fibers originate from perikarya 
in the superior cervical ganglion.

Still inside the parotid gland the temporofacial 
and cervicofacial divisions form five large 
branches: the temporal, zygomatic, buccal, man-
dibular, and cervical branch. The temporal and 
zygomatic branches derive from the temporofa-
cial division, the mandibular and cervical branch 
from the cervicotemporal division. The buccal 
branch leaves either the one or the other, or in a 
small proportion of individuals has two roots, one 
from each division. The course of these branches 
can be classified using various classification 
schemes [3]. In principle, the branches either 
simply form sub-branches that spread to reach 
their targets, or they exchange fibers in a simple 
or rather complex way, thereby forming a plexus 
inbetween the superficial and profound parts of 
the gland.

Either way, the branches leave the gland at its 
superior, anterior, and inferior borders to enter 
the more superficial layers of the face. As the 
branches emerge from the gland, especially the 
temporal branch has already formed up to five 
and the zygomatic branch up to three sub-
branches. The buccal branch stays a single nerve 
strand in approximately half of the population, 
while in the rest it has ramified into two or three 
sub-branches. The mandibular (in more than 
80%) and cervical branch (in more than 90%) 

usually leave the parotid gland as single nerve 
strands [4, 5] (Fig. 7.3).

7.2.5  Innervation of Facial Muscles

In the face, the branches continue relatively 
straight towards the muscles. The mandibular 
branch usually runs inferior to the mandible [6]. 
All branches have complex variable topologic 
relations to anatomic structures such as the facial 
and transverse facial artery and vein, the parotid 
duct (Stensen duct), or the tissue compartments 
of the face [7]. Despite of these variations, sev-
eral authors successfully defined landmarks for 
targeting nerve branches through the intact skin 
or for identifying skin regions and strata which 
are free of larger nerve branches [8–10].

Anatomical textbooks and studies differ 
slightly in their descriptions of the facial muscle 
innervation. This is mainly due to a high degree 
of individual variation in the topology, branching 
pattern, and communications between facial 
nerve branches (Fig.  7.4). According to Gray’s 
textbook of human anatomy, the cervical branch 
innervates the platysma, the mandibular branch 
the risorius and muscles of the lower lip and chin. 
The buccal branch supplies the muscles of the 
cheek and upper lip and small nasal muscles, the 
zygomatic branch the orbicularis oculi muscle. 
The temporal branch innervates the anterior and 
superior auricular muscles, the frontal belly of 
the occipitofrontal muscle, and supraorbital mus-
cles [11]. Yet details regarding facial muscle 
innervation are under heavy dispute [12, 13].

Near their targets the facial nerve branches 
ramify extensively before and while entering the 
muscles. Especially these small rami exchange 
fibers with the branches of the trigeminal nerve 
and it is hypothesized that those fibers might 
conduct proprioceptive information. The cervi-
cal branch often directly communicates with 
large branches of the transverse cervical nerve, 
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c d

Fig. 7.3 Ramification of the facial nerve (cn7). (a, b) 
Branches of CN7 leaving the borders of the parotid gland 
(pa). (c, d) Ramification of the stem of the facial nerve 
immediately distal to the stylomastoid foramen. Note the 
bifurcation into temporofacial and cervicofacial (cfd) 

division. sta superficial temporal artery, zm zygomaticus 
major muscle, pa parotid gland, tfa transverse facial 
artery, fv facial vein, pl platysma muscle, mm masseter 
muscle, an great auricular nerve, cfd cervicofacial divi-
sion, cn7 facial nerve
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f g h

Fig. 7.4 Variations in the topology of the branches of the 
facial nerve (CN7). (a, b) Overview (a) and detailed (b) rami-
fication of branches after exiting the parotid gland. Note the 
extensive ramification of temporal nerve branches before 
entering target muscles (b). (c–e) Zygomatic branches can 
cross the parotid duct (red background, c), form a plexus in 
the masseteric region (d) and run underneath (d) or around 
(arrowhead, e) the zygomaticus major muscle (zm). (f, e). The 

cervicofacial division can either ramify inside the parotid 
gland (d) or later in its course around the mandibular angle 
(arrow, f). The mandibular branch usually runs inferior to the 
mandible (f), and further crosses the facial artery and vein (h). 
The cervical branch can cross the external jugular vein and if 
so, can run above or underneath it (g). pa parotid gland, zm 
zygomaticus major muscle, rm retromandibular vein, ejv 
external jugular vein, fa facial artery, fv facial vein
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a sensible nerve originating from the second and 
third cervical nerves, but also with the glosso-
pharyngeal nerve. In general, many constant 
and inconstant connections between facial nerve 
branches and cranial and spinal nerves are 
described [14].

Acknowledgements We would like to thank S. Meng and 
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Nerve Transfers to the Facial Nerve

Andreas E. Krag and Shai M. Rozen

Key Points
• Nerve transfers to the facial nerve are indi-

cated in acute and subacute facial paralysis 
patients where the proximal facial nerve stump 
cannot be found or when repair via direct 
coaptation or nerve grafting is not feasible.

• The distal facial nerve branches and the facial 
mimetic muscles must be intact for successful 
nerve transfer.

• Cross-facial nerve grafting as sole reinnerva-
tion procedure is not reliable and should likely 
be performed concomitantly with a nerve 
transfer on the paralyzed side.

• Nerve transfers will likely work if performed 
up to 18 months after facial nerve injury, but 
preliminary data suggest that earlier nerve 
transfers may provide better excursion.

• Dual innervation via combining masseteric to 
facial nerve transfer and cross-facial nerve 
grafts may provide rapid reinnervation and 
strong excursion from the masseteric nerve for 
voluntary movements, and possibly improved 
synchronous motions after reinnervation by 
the cross-facial nerve grafts occurs.

8.1  Background

To obtain optimal outcomes in facial paralysis 
patients, the goals should be achieving spon-
taneity, synchrony, and sufficient excursion. 
Currently, no single donor nerve can obtain these 
results consistently in all scenarios of facial 
paralysis, but for spontaneity to occur the optimal 
donor nerve is the facial nerve. Hence, it is pref-
erable to use the ipsilateral facial nerve axons, 
either via direct repair or short nerve grafting, to 
obtain optimal results, if the recipient mimetic 
muscles are salvageable and a proximal facial 
nerve is available. When this is not possible, yet 
the mimetic muscles are still amenable to reinner-
vation, then nerve transfers are indicated using a 
non-facial cranial nerve as the donor nerve.

8.2  Patient Presentation

Patients with acute or subacute facial paralysis, 
defined as patients in whom their facial mimetic 
muscles are salvageable, should be considered 
for nerve transfers to the facial nerve if facial 
nerve repair, via direct coaptation or via nerve 
grafting, is not possible.

Patients may present with either complete or 
incomplete facial paralysis or may present preop-
eratively in a multi-specialty clinic with varying 
degrees of facial nerve function, in which case, 
mimetic function may be salvaged with nerve 
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grafts, nerve transfers, or a combination, con-
comitantly with tumor resection in a multidisci-
plinary operation [1].

The underlying pathologies are varied. These 
may include malignant or benign cerebellopon-
tine angle tumors such as acoustic neuromas, 
schwannomas, and neurofibromas, malignant or 
benign parotid gland tumors, or malignant skin 
tumors; infections including viral and bacterial; 
traumas including more proximal temporal bone 
fractures or more distal facial lacerations; iatro-
genic injuries during surgeries of the skull base 
or face; or poor recovery from Bell’s palsy.

A detailed patient history should be obtained 
including etiology, duration of facial paralysis, 
and previous surgeries in the brain, head, and 
neck region. The patient must be asked about the 
rate of deterioration of facial nerve function and 
any preceding symptoms. Physical examination 
must include a full cranial nerve examination 
including any remaining facial nerve function 
and function of any possible donor nerves, as 
well as an assessment of the facial musculature. 
Electroneurography and electromyography may 
be used in cases of unclear examinations but are 
not commonly contributory or used. Fibrillations 
on needle electromyography of the mimetic 
muscles indicate viable facial musculature 
despite denervation which can be salvaged by 
nerve transfer. A silent signal on needle electro-
myography suggests that the mimetic muscles 
are atrophic and salvage by nerve transfer is less 
likely [2].

8.3  Nerve Transfers: Goals, 
Indications, and Rationale

8.3.1  Goals

The goal of nerve transfers is salvage of the facial 
mimetic musculature by reinnervation from a 
non-facial donor motor nerve, thereby preventing 
mimetic muscle atrophy and fibrosis. The pri-
mary realistic objective is to restore voluntary 
motions, yet achieving spontaneity is more elu-
sive. Certain reports claim that spontaneity can 
be achieved in some patients when innervating 

with a non-facial nerve, but this cannot be 
obtained with consistency. The second goal is to 
restore facial symmetry in repose. Nerve trans-
fers in general do not provide tone. It is for this 
reason that additional static support is usually 
added, and sometimes additional cross-facial 
nerve grafts are deployed in hope of obtaining or 
adding some tone and possibly increase synchro-
neity. Although nerve transfers are more com-
monly discussed in the setting of the midface, 
nerve transfers can also be effective if performed 
in a timely manner in innervating other facial 
regions such as the periorbital area assisting in 
voluntary closure of the eye, or the lower lip to 
improve oral competence. These subjects will be 
discussed in detail below.

8.3.2  Indications

Nerve transfers to the facial nerve are indicated in 
acute or subacute facial paralysis patients when 
the proximal facial nerve stump is not readily 
available for repair, either via direct coaptation or 
via nerve grafting, yet the distal facial nerve 
branches and mimetic muscles are intact. Also, 
salvageability of mimetic musculature is a prereq-
uisite for a successful nerve transfer and mainly 
depends on the duration of paralysis. Although 
the exact denervation duration after which the 
mimetic muscles are likely not salvageable is not 
known, most would consider this period not 
beyond 18 months although some reports describe 
salvage even at 24 months. Degree of denervation 
(complete versus incomplete) may play a role in 
the length of this window of opportunity, but pre-
liminary research suggests that earlier interven-
tion yields improved results [3].

Hence, nerve transfers to the facial nerve will 
unlikely succeed in congenital complete facial 
paralysis patients without facial neuromuscular 
units, e.g., Möbius syndrome, as well as patients 
with longstanding denervation and facial muscle 
atrophy regardless of underlying pathology. 
These conditions should be treated by transfer of 
a new neuromuscular unit to the face with either 
a free functional muscle transplant or muscle 
transfer.
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8.3.3  Rationale

The rationale behind nerve transfer is restoration 
of motor neuron stimuli to the facial nerve 
branches from another cranial nerve, which par-
tially takes over the function of the proximal 
facial nerve. Motor axons from the donor nerve 
regenerate through facial nerve branches and 
reinnervate the facial mimetic muscles. The 
donor nerve is transferred to the facial nerve 
 preferably by direct coaptation or through inter-
position nerve grafts. A non-facial cranial nerve 
is always used as the motor donor nerve in nerve 
transfers. The masseteric branch of the trigemi-
nal nerve is likely the most commonly used 
donor nerve for nerve transfers because of mini-
mal donor-site morbidity and rapid reinnerva-
tion. The spinal accessory nerve and the 
hypoglossal nerve have also been described for 
this purpose [4].

Several rules hold true to the success of any 
nerve coaptation or repair: a tension free coap-
tation, appropriate trimming of the nerve edges, 
and repair outside the zone of injury. Yet, several 
additional tenets are important in nerve transfers.

First, there must be a functional donor nerve. 
Although not common, some patients with can-
cer or congenital facial paralysis may have more 
than one cranial nerve involved. Therefore, all 
patients need a thorough yet simple cranial nerve 
examination demonstrating active target muscles 
of the future donor nerve. As an example, preop-
erative palpation of masseter muscle motion 
when the patient is asked to bite down is suffi-
cient to assure an intact masseteric nerve.

Second, is assuring the integrity of the recipi-
ent facial nerve from the point of coaptation to 
the target mimetic muscles as well as verifying 
that recipient muscles are undamaged. In multi-
level injuries or large tumor resections, this is 
key. If either the recipient nerve is discontinuous, 
or the target muscle is damaged, a nerve transfer 
will fail.

Third, as a continuation to the second point, is 
the duration of paralysis. Although the exact 
duration of paralysis unto which the mimetic 
musculature cannot be reinnervated is unknown, 
it is generally thought that beyond 18 months of 

denervation the muscles are less likely to recover. 
In fact, many authors, including the senior author, 
think that earlier nerve transfers yield better 
results and would generally prefer to perform 
nerve transfers prior to 1-year duration of paraly-
sis [3].

8.3.4  Advantages of Nerve 
Transfers

Axonal load: As mentioned previously, nerve 
transfers are mainly used to salvage and utilize 
the patient’s own paralyzed muscles when ipsi-
lateral facial nerve options are unavailable. In the 
mid-seventies, original work by Scaramella and 
others attempted to use cross-facial nerve grafts 
to directly neurotize the paralyzed mimetic mus-
cles [5]. These techniques have generally been 
aborted in their original form since the number of 
axons reaching the paralyzed muscle were small 
and could not provide sufficient neurotization, in 
addition to the fact that often axons would arrive 
too late to the muscle after it had atrophied. 
Future modifications added nerve transfers con-
comitantly with cross-facial nerve grafts, a tech-
nique commonly termed “babysitting,” although 
the main source of reinnervation would be from 
the nerve transfer. In other words, nerve transfers 
have the advantages of high axonal loads and 
short distances for axonal regeneration, hence the 
high reliability and strong muscle excursions 
they provide [2].

Rapid innervation: Due to the short distances 
of reinnervation from an ipsilateral nerve trans-
fer, the duration of paralysis may be shortened. 
This allows treating patients who presented late, 
with facial paralysis durations of up to 
12–18 months, with a chance for muscle salvage 
otherwise not possible due to significantly longer 
denervation times if cross-facial nerve grafts 
were used. First motions are expected to be 
observed 2–6  months after masseteric to facial 
nerve transfer [4, 6, 7].

Ability to reinnervate several mimetic mus-
cles: Although simultaneous innervation of sev-
eral muscles may seem an adverse outcome, 
when those muscles are even partially synergis-
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tic, this may be advantageous. Such is the case, 
when the donor nerve is coapted proximal to the 
division of branches that innervate the orbicularis 
oculi muscle as well as the zygomaticus muscle 
complex. In theory, this creates a mild oral-ocular 
synkinesis, but in reality, it creates a more natural 
smile with mild palpebral closure when the 
patient smiles. An additional advantage is 
 protection of the cornea due to the ability to vol-
untarily close the eyelids. Also, there have been 
several descriptions of using different nerve 
transfers to separately innervate different regions 
of the face.

Reliability: Due to the high axonal loads, short 
distance to reinnervation, and the need for only 
one nerve coaptation, nerve transfers are highly 
reliable in providing motion to the mimetic 
muscles.

8.3.5  Disadvantages of Nerve 
Transfers

Inadvertent motion: Because the donor nerve 
used in nerve transfers was originally used by 
nature to perform another activity, when that 
activity is performed, the patients will inadver-
tently perform the new motion it is intended to 
perform. For example, if the masseteric nerve 
was used for smile reanimation, the patient will 
smile to some degree when chewing. Despite 
this, most patients report improvement in eating 
and would likely tolerate this at the gain of a vol-
untary smile [8]. Donor-site morbidity following 
masseteric to facial nerve transfer is low and 
mastication does not seem to be impaired postop-
eratively [4, 7].

Lack of tone: Nerve transfers provide strong 
voluntary muscle excursion but are less effective 
in restoring resting tone and symmetry. It is the 
senior author’s experience that reinnervation 
from the contralateral facial nerve is necessary 
for improvement of facial tone.

Lack of spontaneity: A spontaneous smile 
means an emotional smile that is produced with-
out thinking nor is it voluntary. It is evoked by 
emotions. Regardless of which donor nerve is 
used, one must remember that the donor nerves 

are not programmed nor have cortical representa-
tion in the brain to move the mimetic muscles. 
Therefore, some degree of retraining is neces-
sary. Although some authors argue that spontane-
ity is possible through cerebral plasticity, it is 
likely less common on a consistent basis than 
previously described [6, 9].

Lack of synchrony: Synchrony means that 
both sides of the face move at the same time. 
Although some patients are so well-versed at 
using their donor nerve and can smile in near syn-
chrony, this occurs more commonly when 
patients perform a voluntary smile rather than a 
spontaneous smile, and even then, perfect syn-
chrony is rare.

8.4  Masseteric to Facial Nerve 
Transfer

The mandibular nerve is the third and largest 
division of the trigeminal nerve, which provides 
sensory innervation to the lower third of the facial 
skin and motor innervation to the muscles of 
mastication. The masseteric nerve is a pure motor 
branch from the mandibular nerve innervating 
the masseter muscle.

To access the masseteric nerve, a preauricular 
incision is made on the paralyzed side of the face 
which is extended inferiorly and posteriorly to 
the mandibular angle. Skin and subcutaneous tis-
sue is incised with monopolar cautery to the sub- 
superficial musculoaponeurotic system plane, 
where the cheek flap is raised over the parotid- 
masseteric fascia. Dissection of the masseteric 
nerve begins at the center of a triangle between 
three anatomical landmarks: the coronoid pro-
cess anteriorly, the mandibular condyle posteri-
orly, and the mandibular notch caudally 
(Fig.  8.1). Dissection is performed through the 
parotid gland with particular care to preserve the 
facial nerve branches, regardless of degree of 
paralysis. Once the masseter muscle fibers are 
encountered, they are carefully split in the area 
of the mandibular notch. Meticulous hemostasis 
with bipolar or micro clips should always be per-
formed. The descending branch of the masse-
teric nerve is encountered between the middle 
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and deep masseter heads. The masseteric nerve 
is dissected in a direction towards the modiolus 
for about 2.0  cm, where it is transected before 
branching and then transposed to the surface of 
the parotid. A nerve length of 13–14 mm should 
be expected. For a successful nerve transfer 
without tension on coaptation or the need for a 
nerve graft,  additional parotid tissue is usually 
removed to allow comfortable coaptation with 
either a branch of the facial nerve or the trunk 
depending on indication [10].

Anatomical placement of the masseteric to 
facial nerve transfer is performed by coaptation 
to the facial nerve main trunk in patients with no 
proximal facial nerve continuity, or to selective 
zygomatic or buccal facial nerve branches in 
patients with facial nerve continuity in order to 
potentially preserve the proximal axonal input 
which provides facial tone (Fig.  8.2). In this 
selective coaptation, a recipient branch for the 
nerve transfer innervating both the zygomaticus 

major muscle and orbicularis oculi muscle should 
be chosen as this will provide voluntary smile 
and eye closure. The masseteric and recipient 
facial nerve branch is coapted end-to-end with 
10-0 interrupted nylon sutures in the epineurium 
and reinforced with tissue glue based on surgeon 
preference [11].

8.5  Cross-Facial Nerve Grafting

Cross-facial nerve grafting is an established tech-
nique which has the objective of restoring both 
voluntary and involuntary activation of paralyzed 
facial muscles. An electric nerve stimulator is 
used for identification of facial nerve branches. 
Selection of donor facial nerve branches on the 
nonparalyzed side is guided by the principles 
of “specificity and redundancy.” “Specificity” 
entails identifying nerve branches innervating 
the orbicularis oculi for eye closure and blink, 

Fig. 8.1 Dissection of the masseteric nerve. Left: the 
three anatomical landmarks for identifying the masseteric 
nerve: the coronoid process anteriorly, the mandibular 

condyle posteriorly, and the mandibular notch caudally. 
Right: intraoperative photo of the dissected masseteric 
nerve. (© Shai M. Rozen, MD)
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and nerve branches in the midface innervating 
the zygomaticus major for the smile. Facial nerve 
branches performing activities other than these 
intended motions, such as those innervating the 
risorius muscle, should not be chosen as donor 
nerves for the smile. “Redundancy” entails that 
two nerve branches performing a similar activ-
ity be identified before sacrificing one of these 
branches to minimize donor-site morbidity of 
the nonparalyzed hemiface. Correspondingly, 
recipient facial nerve branches for coaptation on 
the paralyzed side should be chosen carefully. In 
the less common scenario in which cross-facial 
nerve grafting is performed simultaneously with 
a tumor resection, stimulation of corresponding 
branches may be performed. Much more com-
monly, the recipient facial nerve branches are 
non-stimulatable, and proper anatomical map-
ping of the facial nerve branches should be per-
formed [1].

The main disadvantages with cross-facial nerve 
grafting is the long distance for axonal regeneration, 
which translates into lengthy denervation of the tar-
get facial musculature and a significant decrease in 
axonal numbers that reach the mimetic muscles. 
The resulting low axonal load from the cross-facial 
nerve grafts might result in weak muscle activation 
or no activation at all. For these reasons, cross-facial 
nerve grafting alone is not recommended. To over-
come this issue, the so-called “babysitter” proce-
dure was introduced. As originally described, a 
direct hypoglossal to facial nerve coaptation was 
performed concomitantly with the first stage of 
cross-facial nerve grafting. The hypoglossal nerve 
provided fast reinnervation and stimulation of facial 
mimetic muscles until axons had regenerated 
though the cross-facial nerve grafts [2]. The hypo-
glossal nerve is rarely used any more, but based on 
similar principles it has been replaced by the mas-
seteric nerve as donor nerve. Also, most authors 

Fig. 8.2 Anatomical placement of the masseteric to 
facial nerve transfer. Left: selective masseteric nerve 
coaptation to a zygomatic facial nerve branch. Right: trun-

cal masseteric coaptation to the main facial nerve trunk. 
(© Shai M. Rozen, MD)
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would perform this in one setting. Earlier attempts 
to cut the transferred donor nerve and then directly 
coapt the cross-facial nerve grafts were aborted 
since the patients were re-paralyzed, and regained 
little motion, which strengthens the notion that the 
transferred donor nerve overtakes the majority of 
mimetic muscle motor control, rather than the 
cross-facial nerve grafts.

8.6  Dual Innervation

As described in the previous sections, nerve 
transfers to the facial nerve are effective in pro-
ducing voluntary motion in different portions of 
the face with good excursion symmetry com-
pared with the nonparalyzed side. However, rein-
nervation from a non-facial motor donor nerve 
does not restore spontaneous facial expressions, 
and facial tone may be weak compared with the 
paralyzed side.

The aim of dual innervation is to obtain the 
advantages of both worlds: fast and strong reinner-
vation stemming from the nerve transfer, combined 
with cross-facial nerve grafts, coapted either end-to-
end or end-to-side with specific paralyzed branches, 

to hopefully provide increased tone, synchroneity, 
and perhaps even some spontaneity. Although the 
idea is warranted, strong data supporting this idea 
has yet to be published, but from the senior author’s 
experience it likely deserves merit. In cases of nerve 
transfers, as opposed to dual innervation of a mus-
cle transplant which the senior author prefers per-
forming in two stages, masseteric to facial nerve 
transfer and cross-facial nerve grafting is performed 
in the same procedure, where two cross-facial nerve 
grafts are inserted, one for the periorbital area and 
one for the smile. The selection of cross- facial nerve 
graft donors should follow the principles of “speci-
ficity and redundancy” as described in the previous 
section (Fig.  8.3). Following the dual innervation 
procedure, first voluntary motions are observed 
after 2–6 months by reinnervation from the masse-
teric nerve. As for the effect of the cross-facial nerve 
graft, the improved tone and possibly improved 
synchroneity likely start taking effect 1 year after 
the surgery when axonal regrowth has reached its 
target muscles (Fig.  8.4). In the senior author’s 
opinion, improvements are seen over several years 
with increasing tone and synchroneity, but this has 
yet to be demonstrated with good methodology 
(Fig. 8.5) [1, 6, 12].

Fig. 8.3 Intraoperative photos of a selective masseteric 
nerve coaptation to a zygomatic facial nerve branch with 
concomitant cross-facial nerve grafting. Left: dissection 
of recipient facial nerve branches on the paralyzed side 

prior to cross-facial nerve grafting and masseteric to facial 
nerve transfer. Right: after selective end-to-end masseteric 
to facial nerve transfer and end-to-side cross-facial nerve 
graft coaptations. (Courtesy of Shai M. Rozen, MD)
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Fig. 8.4 Thirty-five-year-old male who presented with 
complete right sided facial paralysis after acoustic neuroma 
resection with intratemporal nerve grafting to the facial 
nerve. The patient underwent selective masseteric to facial 
nerve transfer and two cross-facial nerve grafts, one to the 
midface and the other to the periorbita on the right side 
75 days after acoustic neuroma resection. Right upper eyelid 

gold weight insertion and right lower eyelid canthoplasty 
were performed 12 months after the nerve transfer proce-
dure. Left column: Patient before nerve transfer and cross-
facial nerve grafting. Center column: Patient 12  months 
after nerve transfer and cross-facial nerve grafting. Right 
column: Patient 23 months after nerve transfer and cross-
facial nerve grafting. (Courtesy of Shai M. Rozen, MD)
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Fig. 8.5 Eleven-year-old male who underwent left total 
parotidectomy including proximal facial nerve resection 
and neck dissection due to mucoepidermoid carcinoma of 
the parotid gland. He underwent immediate reconstruc-
tion with masseteric to facial nerve transfer coapted to the 
facial nerve main trunk and two cross-facial nerve grafts 
coapted end-to-side to a distal facial nerve branch to the 

periorbital area and the midface. Reconstruction was 
immediately followed by radiation treatment. The left col-
umn: Patient 3 weeks after nerve transfer and cross-facial 
nerve grafting. The center column: Patient 18  months 
after nerve transfer and cross-facial nerve grafting. Right 
column: 36 months after nerve transfer and cross-facial 
nerve grafting. (Courtesy of Shai M. Rozen, MD)
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8.7  Summary

Nerve transfers to the facial nerve reinnervate 
and salvage the facial mimetic musculature when 
performed up to 18 months after onset of facial 
paralysis, but earlier intervention may improve 
results. The masseteric nerve is the preferred 
donor nerve as it provides rapid reinnervation 
and restores voluntary smile excursion with mini-
mal donor-site morbidity. However, masseteric to 
facial nerve transfer cannot be expected to restore 
facial tone, synchroneity, and spontaneity. Hence, 
dual innervation utilizing cross-facial nerve 
grafting as an adjunct to masseteric to facial 
nerve transfer in a single stage procedure should 
be considered for optimal outcomes. Future 
research and development in nerve transfer pro-
cedures should focus on specific reinnervation in 
all segments of the face.
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Key Points
• Nerves have predictable patterns of vascular 

supply.
• Non-vascularized nerve grafts rely on specific 

features of the graft and favorable conditions 
in the recipient bed for their survival.

• Vascularized nerve grafts yield superior histo-
logic and functional outcomes to their non- 
vascularized counterparts, when used in 
hostile wound beds.

• Superior histologic and functional outcomes 
can be achieved by using motor nerves to 
bridge motor nerve gaps, rather than sensory 
nerves.

• The use of vascularized nerves as a compo-
nent of chimeric free flaps should be consid-
ered in complex facial reconstructions when 
facial nerve gaps form part of the defect.

9.1  Introduction

Reconstructing a discontinuity in a nerve has 
several potential surgical solutions. Direct coap-
tation between the two divided ends is gener-
ally preferred, but is not always possible nor is 

it always able to yield the best outcome. Factors 
that should be considered when planning a nerve 
repair relate to the injured nerve itself (location 
of nerve, length of defect, type of injury, time 
since denervation), and its host patient (wound 
bed conditions, age, morbidity, compliance). 
The clinical circumstances around a nerve defect 
influence the decision of how to repair, as well as 
whether to repair at all.

Nerve repair and reconstruction has been 
studied for over 100  years, and our techniques 
have evolved in line with the development of a 
greater understanding of tissue blood supply, 
nerve anatomy, tissue transfer, and microsurgical 
techniques. Peripheral nerves and plexus injuries 
of the limbs have been vastly studied and serve 
as the basis for our understanding of nerve biol-
ogy and nerve grafting today [1]. From conven-
tional non-vascularized nerve grafting (NVNG), 
to pedicled vascularized nerve grafting (pedicled 
VNG), to free vascularized free nerve grafting 
(free VNG), the options for nerve reconstruction 
have evolved with methods to preserve blood 
supply. The introduction of nerve transfer on a 
vascular pedicle, technically converting it into a 
free flap, provides faster nerve regeneration than 
conventional non-vascularized nerve grafts and is 
clinically superior in cases where long nerve gaps 
exist. Ideal options for vascularized nerve trans-
fer (VNG), without added donor morbidity, are 
limited and a consensus regarding worthy indica-
tions is lacking.
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Facial nerve defects present a relatively novel 
but significant indication for the application of 
free VNG. As one of the longest and more vul-
nerable of the cranial nerves, the facial nerve 
is relatively susceptible to damage in its extra- 
temporal course. Facial trauma or, more com-
monly, deliberate resections in combination with 
parotidectomies for head and neck cancers leave 
patients with inevitable functional and aesthetic 
disfigurement. Oncological clearance is of course 
of primary concern, but as reconstructive micro-
surgery is becoming more sophisticated, neither 
patients nor surgeons willingly accept subopti-
mal primary reconstructions. Stand-alone nerve 
defects or those in combination with composite 
tissue defects have several operative solutions, of 
which vascularized nerve grafting offers a valu-
able and effective option to be considered.

9.2  A Historical Overview

Free nerve grafting was trialed as early as in 1870 
when Phillipeaux and Vulpian grafted hypoglos-
sal nerve defects with lingual nerve grafts in 
dogs [2, 3]. These were short defects with unfor-
tunately mostly unsuccessful results. In 1876, 
Eduard Albert used a human tibial nerve from 
a freshly amputated leg to reconstruct a 3  cm 
median nerve defect in a human subject, but was 
unsuccessful in restoring function and sensibility 
[3]. Nerve grafting continued to be experimented 
with during the first and second world war, with 
varied success. The reason for its occasional fail-
ure was presumed to be inadequate blood supply. 
Experimental work began targeting understand-
ing of nerve biology and to enhance the success 
rate of nerve grafting. It became clear that the 
length of defect and diameter of nerve played an 
important role in the survival of a nerve graft. It 
was postulated that a thin nerve graft spanning 
a short defect would survive better due to faster 
revascularization through the nerve. In 1939, 
Bunnell and Boyes trialed the concept of cable 
grafting to improve blood supply to a nerve graft 
[3]. By using multiple strands of thin nerves 
grouped together, instead of one large caliber 
nerve to bridge a nerve gap, they attempted to 

prevent nerve graft necrosis, but failed. Tension 
was also realized to be detrimental to blood flow 
and both Millesi and Terzis performed morpho-
logical and electrophysiologic studies in the early 
1970s showing how tension in a nerve led to a 
decrease in blood supply and increase in fibrosis 
[4]. The progression of improving blood supply 
to nerve grafts and enabling longer nerve graft 
reconstructions was undertaken by Strange in 
1947. He proposed a pedicled nerve graft; by pre-
serving the blood supply to the nerve through its 
pedicle, he eliminated the need for vascular sup-
port from the wound bed [3]. By using the ulnar 
nerve as a pedicled vascularized nerve transfer, 
he managed to bridge a large median nerve gap 
successfully. Despite this huge breakthrough, 
there were obvious disadvantages to sacrificing 
large mixed nerves in the upper limbs. This lim-
ited the utility of Strange’s technique.

Free vascularized nerve transfers were next in 
line in the advancement of nerve grafts, and in 
1976 Taylor and Ham successfully performed the 
first autogenous vascularized nerve transplant of a 
26 cm vascularized radial nerve graft to a median 
nerve defect in two patients with Volkmann’s 
ischemic contracture [5]. Furthermore, they 
demonstrated how a vascularized nerve graft 
reinnervates at twice the rate to a conventional 
non-vascularized graft and described vasculariza-
tion patterns of nerves. Terzis and Breidenbach 
also performed an extensive anatomical study in 
1984 on the vascular supply of possible graftable 
nerves and proposed donor options most suitable 
for transplantation based on the dominance of its 
blood supply [3].

9.3  The Blood Supply of Nerves

In 1977, Lundborg described the blood supply 
to nerves as extrinsic and intrinsic—two inte-
grated, but yet individually functioning systems 
[1]. The extrinsic system originates either from 
axial vessels providing perforators through the 
epineurium, or small perforating vessels from 
fascial, musculocutaneous, and periosteal ves-
sels that enter the epineurium directly. Both are 
considered nutrient vessels to the nerve, but only 
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axial vessels are large and dominant enough 
to serve as a pedicle on which one may base a 
potential free vascularized nerve transfer. The 
intrinsic blood supply consists of epineural, 
perineural, and endoneural plexuses arranged 
longitudinally across the nerve. The two sys-
tems connect through anastomosing vessels. 
Sunderland described the blood supply to nerves 
in 1945 as the Vasa Nervorum, but without dis-
tinguishing separate systems. Lundborg elabo-
rated on Sunderland’s description and showed 
how the extrinsic and intrinsic systems func-
tion independently of each other by performing 
experimental studies on rat tibial nerves. The 
intrinsic microcirculation in the nerve remained 
undisturbed across its entire length after divid-
ing it from its external blood supply. This had 
huge implications for understanding nerve graft 
survival. However, the length of nerve capable of 
surviving a non-vascularized transfer was found 
to be limited, and later studies showed how an 

inadequate blood supply produced fibrosis and 
central necrosis of nerves.

The search for understanding the blood sup-
ply to nerves, and how one could transfer them 
vascularized, continued in 1984 as Terzis and 
Breidenbach carried out cadaveric dissections of 
commonly accessible peripheral nerves [3]. They 
dissected out their blood supply in order to deter-
mine the possibility for free vascularized nerve 
transfer. They dissected out between 20 and 25 
samples of 13 different nerves from the upper 
and lower extremity. Blood supply was classified 
according to patterns Type I to IV, with a type 
II (and potentially type III) patterns considered 
most appropriate for the use in free vascularized 
nerve transfers (see Fig. 9.1). Type I nerves have 
no dominant pedicle and receive their blood sup-
ply from intrinsic vascular plexuses only, or from 
extrinsic perforators that enter the epineurium 
directly without running across the length of the 
nerve. Vessels available for transfer are thus of 

No dominant
supply

One dominant
supply

Multiple dominant
supply

Free segment+
dominant supply

Free segment+
multiple

dominant supply

1

2 3 4

5

Free
segment

Fig. 9.1 Representation of classification of blood supply to nerves, types I-V [3]
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small caliber or non-existent. Type II nerves have 
one dominant large caliber vessel running across 
the length of the nerve, supplying its epineurium 
with perforating vessels along its course. Type III 
nerves have multiple dominant pedicles. Type IV 
nerves have one dominant pedicle that supplies 
only a small portion of the nerve, leaving a larger 
distal portion unsupplied. Finally, type V nerves 
have multiple dominant pedicles, but intermit-
tently large segments of the nerve are unsupplied. 
Nerves found to have a type II blood supply were 
the posterior cutaneous nerve of the thigh and 
the intercostal nerve. However, their small ves-
sel size, small nerve diameter, and multiple nerve 
branching patterns made them unsuitable for 
most applications.

9.4  Evidence for Vascularized 
Nerve Grafts

9.4.1  Blood Supply

The evidence for improved functional outcomes 
with vascularized nerves has historically been 
contradictory, contributing to its cautious use. 
However, the significance of blood supply for 
nerve graft survival has been judiciously argued. 
A nerve graft transferred to a short nerve defect, 
in a thin nerve and well vascularized wound 
bed experiences faster healing and revascu-
larization with less central graft necrosis [1]. 
Unsurprisingly, the mechanism of nerve graft 
take is similar to that of any graft take, relying on 
vascular supply from the surrounding wound bed. 
This type of conventional graft revascularization 
occurs mainly by inosculation (vessel sprouting 
from the graft and anastomosing to vessels in 
the wound bed), but is facilitated by centripetal 
revascularization (vessels from the surrounding 
bed growing into the graft) [6]. Timing is of the 
essence as these processes need to have started 
before distal muscle atrophy occurs, in order 
for successful nerve function to follow. Thus, 
VNG can offer benefits superior to traditional 
nerve grafting. The theoretical advantages are 

improved healing and faster axonal regeneration 
even in large nerve gaps in the face, thick nerves, 
and poorly vascularized wound beds.

Vascularized (VNG) and non-vascularized 
nerve grafts (NVNG) were compared in animal 
models in the 1980s, and later also examined in 
human subjects. Although initially little differ-
ence was identified between VNG and NVNG 
under favorable revascularization conditions, 
Koshima and Harii compared VNG and NVNG in 
scarred burn wound beds and showed that nerve 
conduction and axonal regeneration was faster in 
VNG [1]. Terzis et al. used the same principle and 
transplanted VNG and NVNG into acutely burnt 
rat thighs concluding histological superiority in 
VNG with greater number of axons, more mature 
myelin sheath, and larger diameter vessels [1]. 
Evidence also grew for the superiority of VNG in 
human subjects and in both scarred and normal 
vascular beds [1]. Rose et al. restored sensibility 
in scarred fingers by transplanting vascularized 
peroneal nerve grafts [7]. Doi et al. transplanted 
25 cm long vascularized sural nerve grafts to 16 
upper extremity defects and proved their survival 
using a monitoring skin paddle [8].

9.4.2  Motor Versus Sensory Nerve 
Grafts

With increasing scrutinization of function, an 
interest has developed in the effect of donor-to- 
recipient sensory versus motor nerve mismatch. 
Sensory nerves are commonly transplanted to 
motor nerve gaps. Peripheral sensory nerve grafts 
are easily accessible with little donor morbidity. 
The mismatch in the modality of nerve trans-
plants is however of potential concern. When 
vascularized motor nerves are used for a motor 
nerve or mixed nerve defect, the outcomes have 
been found to be histologically superior to the 
outcomes seen with sensory nerves, in preclinical 
studies. Chu et al. performed a recent experimen-
tal study on rats comparing motor neuron survival 
and regeneration after transplanting peripheral 
sensory nerves and motor nerves in spinal root 
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avulsions in rats [9]. They showed a higher neu-
rotrophic percentage in the motor nerves and 
more motor neurons regenerating axons into the 
motor rather than the sensory nerves. Nichols 
et al. showed robust nerve regeneration and func-
tional recovery in their study on rat tibial nerves 
when using motor and mixed nerve grafts, where 
sensory nerve grafts failed [10]. Brenner et  al. 
supported these findings showing in their histo-
logical study how sensory nerve grafts impair 
nerve regeneration when grafted to mixed and 
motor nerves. Motor nerves clearly showed a 
higher nerve density and total fiber number with 
normal muscle mass compared to sensory nerve 
grafts [11].

9.5  Clinical Applications

9.5.1  The Dilemma

Finding a gold standard in facial nerve reconstruc-
tion is a challenge and a standardized reconstruc-
tive algorithm taking into account the etiology, 
degree of nerve defect, and potential associated 
tissue defect is lacking. Different experiences in 
both surgical techniques and patient outcomes 
continue to divide surgeon opinion on the man-
agement of facial nerve defects. There are cur-
rently no absolute indications for using VNGs 
options for facial reanimation. However, there 
are clinical situations where NVNG options 
could have inadequate regenerative potential and 
a VNG is technically feasible to attain and a valu-
able option to consider (Table 9.1).

9.5.2  Facial Nerve Defects 
in the Head and Neck Cancer 
Patient

The ideal patient scenario for any nerve graft 
candidate would ideally be a young, healthy, 
non- smoker. The nerve recipient site should be 
free from radiation, infection, and scarring. The 
nerve defect should be short and present in a 
thin nerve. The nerve graft procedure should 
be performed immediately after resection. 
These combinations of ideal conditions are sel-
dom met in the oncological setting. Segmental 
defects in the facial nerve commonly occur 
deliberately with parotidectomies, in head and 
neck cancer ablations. A general reconstructive 
consensus in this specific scenario is currently 
lacking and management differs widely inter-
nationally. Options are many and could include 
a combination of secondary versus immediate 
procedures, static methods versus nerve grafts, 
VNG versus NVNG, pedicled versus free nerve 
grafts, nerve transfers, stand- alone or combined 
procedures.

The head and neck cancer group presents 
the surgeon with several challenges, complicat-
ing the decision on how to reconstruct the facial 
nerve. Patients are often elderly and comorbid 
with a limited physiological reserve. In the case 
of comorbid patients, a history of smoking, dia-
betes, and alcohol are detrimental to healing. 
Advanced age further decreases nerve regenera-
tion potential, and considering patients’ already 
limited life expectancy, the commitment to a 
potentially long facial nerve recovery with a graft 
is often questioned. Ablative procedures leave 
long nerve gaps and often require radiotherapy, 
both obstacles to nerve regeneration, healing and 
good functional outcomes in conventional nerve 
grafting. It is thus often argued that secondary 
static procedures provide a faster and more pre-
dictable restoration of function than nerve grafts, 
and should be preferred. Despite achieving 
immediate symmetry, these procedures unfortu-
nately fail to restore animation and spontaneity 
of the facial musculature.

Table 9.1 Suggested indications for vascularized nerve 
grafts for the facial nerve

Long nerve gap (>6 cm)
Defects requiring free flap reconstructions
Elderly patient
Poor local vascularity (radiation, prior infection, 
scarring)
Comorbidity
Smoking
Previously failed non-vascularized nerve graft
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Reducing time of denervation is important 
for success in nerve grafting. Areas with impor-
tant functional and aesthetic muscular functions, 
such as the face, benefit from a faster reinnerva-
tion with a vascularized nerve graft and imme-
diate post-resective reconstruction. This would 
reduce nerve ischemia and muscle denervation 
time, ultimately improving both the potential 
for and the speed of nerve regeneration. This 
type of approach to facial nerve reconstruction is 
of great value in head and neck cancer patients 
where nerve regeneration potential is often dras-
tically reduced. Using a VNG in these patients 
can supersede the obstacle of poor regenerative 
potential due to age, morbidity, long nerve gaps, 
and radiotherapy. Thus, age should form part of 
an indication, rather than contra-indication, to 
vascularized nerve grafting.

9.6  Pedicled Nerve Graft 
Options

The pedicled nerve graft is one method of recon-
structing a nerve defect with a nerve still attached 
to its blood supply. The first known nerve trans-
position of this kind was performed by Balance 
in 1895 when he successfully restored general-
ized facial nerve palsy in an 11-year-old boy (in 
whom he by accident severed the facial nerve 
during a middle ear operation) by transposing the 
spinal accessory nerve to the facial nerve stump 
in the middle ear [2]. Results were however sub-
optimal and morbidity from sacrificing the spinal 
accessory nerve was significant. Koshima et  al. 
recently described the posterior auricular nerve, 
transposed to bridge a facial nerve gap after a 
schwannoma resection, and presented positive 
results [12]. Nerves from the cervical plexus, 
such as the lesser occipital nerve and the greater 
auricular nerve have also been used for pedicled 
nerve co-aptations, but apart from Koshima’s 
technique, local nerves in the head and neck 
area are fairly unsuited for complete facial nerve 
reconstruction. More often, these nerves are used 
as adjuncts to assist in composite reconstructions, 

or to restore function in specific single nerve 
branches only. Also, most tumor-ablative nerve 
defects are long and more suited to a composite 
reconstruction. A more appropriate procedure is 
to aim for a synchronous restoration of both soft 
tissue integrity, volume and nerve function. Such 
a holistic reconstruction is gaining more popular-
ity as nerves associated with common free flaps 
are harvested and used as chimeric flaps to bridge 
the facial nerve gap in the same sitting as the soft 
tissue fills in the remaining defect. Occasionally, 
some pedicled nerve transpositions are used as 
adjuncts to this technique, in order to improve 
outcomes. Two nerves commonly used like this 
today are the hypoglossal and masseter nerve 
transfers. Their use is described in previous chap-
ters in this book (see Chap. 8).

9.7  Vascularized Nerve Grafts 
and the ALT Free Flap

The anterolateral thigh (ALT) flap is a well- 
known workhorse flap for head and neck recon-
struction. Donor morbidity is minimal, even in 
the case of nerve harvest. The ALT carries pos-
sibilities to simultaneously harvest the adjacent 
lateral sensory nerve of the thigh or motor nerve 
to vastus lateralis as vascularized nerve grafts. 
The preserved blood supply improves survival 
despite long nerve gaps, radiotherapy, and patient 
age (poor regenerative potential). In addition, 
the ALT can serve as a multifaceted chimeric 
flap with harvest of skin/fat, muscle, and nerve, 
sophisticating reconstructive possibilities with 
improved synchronous reconstruction of skin 
envelope, volume, and nerve.

Kimata et al. described the concept of imme-
diate post-ablative facial nerve reconstruction 
in 2005 using four such nerves in ten patients 
with parotid gland or cutaneous squamous cell 
tumors (with facial nerve gaps of 5–7 cm) [13]. 
He used the sural nerve, the deep peroneal nerve, 
the lateral femoral nerve (LFCN), and the vastus 
lateralis motor nerve (VLMN) with an ALT free 
flap. He faced heavy critique with regard to the 
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small cohort and a result of only 6 in 10 patients 
partly regaining function after a significant post- 
operative time. It was argued that VNG offered 
no benefit over conventional NVNG. However, 
the interest of a synchronous multimodal recon-
struction of radical post parotidectomy defects 
began to grow. Lida et al. published another trial 
of using the ALT with a LFCN in a 32-year-old 
man, this time with measurable and acceptable 
results at 14  months [2]. Kashiwa et  al. pre-
sented another case in 2010, a 58-year-old man 
with function visible at 6  months post-opera-
tively [14].

The possibilities of the ALT and combined 
VNG have in recent years been thoroughly ana-
tomically and clinically studied, and the VLMN 
has gained popularity over the LFCN. As a motor 
nerve, it is suggested to propagate stronger facial 
nerve function than the LFCN, and its branching 
pattern facilitates anastomosis to several facial 
nerve branches. Its close proximity to the ALT 
vascular pedicle makes it ideal for synchronous 
harvest. The nerve was found to have multiple 
branches in variable patterns and relations to 
the pedicle. These branches, although of benefit 
in multiple facial nerve branch reconstructions, 
were found to mostly exit at a distal portion, 
unfavorably related to the ALT dissection and 
often necessitating a division. In addition, Kuo 
et  al. found that division of several branches 
of the VLMN in the flap harvest was required 
in 22% of cases. Surprisingly, limb weakness 
was not always encountered or was found to 
improve over time. Initial explanations included 
redundancy of the nerve supply to the muscle 
or reinnervation. However, in 2015 Toia et  al. 
expanded on the anatomical understanding of 
the relation of the VLMN to the vastus latera-
lis muscle, showing a segmental anatomy of the 
vastus lateralis muscle composed of three differ-
ent muscle bellies, each supplied by their own 
neurovascular pedicle [15]. The superficial parti-
tion was found to be supplied by the descend-
ing branch of the lateral circumflex artery, the 
intermediate partition was found to be supplied 
by the oblique branch of the artery, and the deep 

partition had perforating branches supplying it 
from the deep femoral artery. The notion of seg-
mental anatomy of the vastus lateralis was not 
new, but not previously evaluated in such ana-
tomical precision. This advanced understanding 
of the anatomical architecture suggested options 
for selective neuro-muscular harvests with 
potentially decreased donor morbidity. The most 
important partitions to preserve were suggested 
to be the intermediate and deep partitions, due 
to their insertion into the patella and hence its 
influence on knee stability. Further to the find-
ings by Toia et al., Agrogiannis et al. presented a 
cadaveric and radiologic study of the anatomy of 
the VLMN and found its branches to be arranged 
in oblique and descending patterns (See Fig. 9.2) 
[16]. The descending branch runs parallel with 

Fig. 9.2 Cadeveric dissection of the VLMN [16]. 
(Authors Choice: “The One Stop Shop”)
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(and has a constant blood supply from) the lateral 
femoral circumflex artery, with the possibility of 
selectively being harvested without sacrificing 
the oblique branch. According to Toia et al., the 
descending branch would correlate with sacrific-
ing the nerve to the superficial partition of the 
vastus lateralis, thereby achieving a composite 
free flap harvest with even further precision on 
decreasing donor morbidity.

In his own practice, the author uses the ALT 
free flap as a gold standard for composite hemifa-
cial reconstructions and proposes a further modi-
fication to the nerve anastomotic techniques. 
Three cases are presented where the ALT is used 
as a composite flap with the VLMN coapted to a 
masseter nerve transfer to maximize reinnerva-
tion of the facial nerve. This serves to increase 
symmetry, but also strength of the smile in all 
vectors. The nerve anastomosis is performed end-
to end—facial nerve branches are  anastomosed in 
a united fashion, in an epineural repair onto the 
end of the VLMN.

9.8  Clinical Example 
of a Chimeric Free Flap 
Reconstruction of Soft Tissue 
and Facial Nerve

Operative course of a 61-year-old female with a 
large left sided basal cell carcinoma invading the 
parotid gland and facial nerve, which required 
resection.

A B

C

D

 

Intra-operative picture of harvested free chi-
meric anterolateral thigh flap. Vastus lateralis (a), 
vascular pedicle (b), vastus lateralis motor nerve 
(c), fasciocutaneous component (d).
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Intra-operative picture of the composite soft tis-
sue and facial nerve reconstruction. The position of 
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the chin, face, and ear are marked for orientation. 
The fasciocutaneous portion of the chimeric ALT 
(a) is shown along with the vascular anastomosis 
(b) and the vastus lateralis motor nerve (VLMN) 

(c). The masseter nerve (d) will be anastomosed 
to nerves innervating the smile. The VLMN will 
serve to bridge the gap between the facial nerve 
stump and the nerve branches to the orbicularis (e).

a b c

 

Functional result 1.5  years post-operative of 
a left sided chimeric free flap reconstruction of 
soft tissue and facial nerve. The patient has a 
symmetrical appearance in repose (a), with vis-
ible nasolabial fold, demonstrating a good resting 
tone. During animation, the patient can elevate 
her left commissure in a smile (b) and has good 
contraction of her orbicularis oculi (c).

9.9  Clinical Example 
of Vascularized Nerve Graft 
to the Marginal Mandibular 
Nerve

A 57-year-old man with a soft tissue sarcoma 
in the right jaw angle that underwent tumor 
resection including soft tissue, part of the man-

9 Vascularized Nerve Grafts in Facial Nerve Reconstruction
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dible and the marginal mandibular branch, with 
a resulting nerve gap of 7.5 cm (figure a). Nerve 
reconstruction was performed with a vascular-
ized vastus lateralis motor nerve graft along 

with a free anterolateral thigh flap. (Figure b, c) 
Follow-up at 15 months showed good symmetry 
and function in the lower lip depressors and men-
talis (figure d–f).

a b c

d e f

 

9.10  Conclusion

Nerve grafts (NVNGs) for the reconstruction 
of the facial nerve are cautiously used due to 
the increased time of reinnervation and results. 
Static procedures provide an instant and predict-
able result but fail to provide movement. A more 
sophisticated solution, such a vascularized nerve 
graft (VNG), can serve as an adjunct to the surgi-
cal repertoire of reconstructive options.
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Non-vascularized Nerve Grafts
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10.1  Introduction

All dynamic procedures reconstructive surgery 
has to offer for the reanimation of the paralyzed 
face rely either on the restoration or the replace-
ment of nerve and muscle function. Nerve grafts 
are an important part of the facial reanimation 
toolkit in situations where tensionless neuror-
rhaphy is not possible. Nerve grafts are necessary 
when the goal is to supply innervation—either to 
the mimic musculature or to muscle transplants, 
either from the ipsilateral facial nerve, the con-
tralateral facial nerve or from other regional 
motor nerves. As the facial nerve is relatively 
small in diameter, thin nerves can be used for 
grafting. Provided the bed is sufficiently vascu-
larized, which usually is the case in facial nerve 
reconstruction, the use of non-vascularized grafts 

is possible. It has been established as a trusted 
method since Bunnell first reported successful 
repair of the facial nerve with an interposition 
graft in 1930 [1]. Today, nerve grafts are com-
monly used to restore innervation from the facial 
nerve to the ipsilateral musculature as well as for 
nerve transfers. Cross-facial nerve grafting from 
the contralateral, non-paralyzed side takes a spe-
cial role. Firstly, because it allows the restoration 
of spontaneous and emotional facial expression 
[2]. And secondly, the length of the nerve graft 
poses certain limitations which current research is 
trying to address. Nerve grafts provide a mechani-
cal scaffolding for regenerating axons to reach the 
desired target organ. As important as the mechani-
cal guidance offered by endoneurial tubes is, also 
biochemical effects appear to play a vital role for 
successful regeneration. Namely Schwann cells 
are thought to offer trophic support for regenerat-
ing axons, increasing the chances for successful 
reinnervation [3]. However, denervated Schwann 
cells, such as in nerve grafts and distal nerve 
stumps, undergo degenerative processes and can-
not support nerve regeneration indefinitely [3, 4].

10.2  Donor Nerves

The most commonly harvested nerves for facial 
reanimation surgery are the sural nerve and the 
greater auricular nerve. But other alternatives have 
been described by various authors. Table  10.1 
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summarizes some of the options mentioned in the 
literature for autologous nerve grafts.

10.2.1  Sural Nerve

The diameter of the sural nerve matches that of 
the facial nerve closely. And its exceptional 

length of up to 60 cm makes it the best option for 
long or numerous nerve grafts, such as cross-face 
nerve grafting (CFNG) or reconstruction of the 
parotid plexus. If necessary, the nerves from both 
legs can be harvested for multiple cross-face 
nerve grafts. The regional numbness resulting 
from nerve harvest is usually well tolerated [6]. 
Scar formation can be limited with a minimally 
invasive harvesting technique as described below. 
Other minimally invasive techniques have been 
described in the literature, including approaches 
using balloon dissection or endoscopic instru-
ments [7, 8]. The location of the nerve far from 
the primary surgical field enables a second surgi-
cal team to harvest the nerve during preparation 
of the nerve stumps by the primary team. If only 
one nerve is going to be harvested, there is no 
reason to prefer either side apart from the patient’s 
and surgeon’s preference.

10.2.1.1  Surgical Technique for Sural 
Nerve Harvest

The sural nerve can be located through a small 
incision posterior to the lateral malleolus. It is 
found by blunt dissection just below the skin 
1–2 cm posterior to the malleolus and runs super-
ficial to the fascia in close vicinity to the small 
saphenous vein. After dissecting the nerve from 
the subcutaneous tissue proximally and distally it 
can be transected sharply and should be marked 
with a suture. Then a vein stripper is introduced 
into the incision and over the nerve. With extreme 
caution the instrument is guided along the 
expected path of the nerve, between the bellies of 
the gastrocnemius muscle, and towards the popli-
teal fossa. If unexpected resistance is encoun-
tered along the path of dissection, additional 
horizontal incisions can be placed while using 
the head of the vein stripper to protect the nerve. 
Ultimately, an incision is placed to transect the 
nerve proximally. The graft is set aside wrapped 
in sterile gauze moistened with saline solution. 
Rozen et  al. stated that they neurolyze the har-
vested sural nerve internally to create two full- 
length cross-face nerve grafts from a single donor 
nerve [9].

The literature holds differing opinions from 
various authors, whether sural nerve grafts 

Table 10.1 Donor nerves for autologous nerve grafting 
in facial reanimation

Donor nerve
Harvestable 
length Diameter

Morbidity and 
limitations

Sural nerve 20–60 cm 3.5–
3.8 mm

Numbness on 
the lateral 
edge of the 
foot

Greater 
auricular 
nerve

5–10 cm Numbness of 
the lower 
third of the 
ear and angle 
of the 
mandible
Visible scar 
on the side of 
the neck

Lateral 
antebrachial 
cutaneous 
nerve

5–20 cm Numbness of 
the lateral 
forearm
Visible scar 
on the 
forearm

Medial 
antebrachial 
cutaneous 
nerve

<28 cm 1.5–2 mm Numbness of 
the medial 
arm
Visible scar 
on the 
forearm

Saphenous 
nerve

Numbness of 
the medial 
calf
Variable 
course, 
veno- nervous 
adhesions [5]

Lateral 
femoral 
cutaneous 
nerve

Numbness of 
the lateral 
thigh

Superficial 
radial nerve

Numbness of 
the back of 
the hand
Visible scar 
on the 
forearm
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should be placed keeping their orientation or 
reversing it [10–16]. The advocates of maintain-
ing the natural orientation theorize that it facili-
tates axon regeneration while the proponents 
of reversing the graft fear the loss of regenerat-
ing axons through lateral branches of the sural 
nerve. However, there have been no comparative 
outcome- based studies that provide sufficient 
evidence to favor one hypothesis over the other.

10.2.2  Greater Auricular Nerve

The greater auricular nerve is often used as an 
interposition graft in facial nerve repair or as a 
jump graft in regional nerve transfer. Its length 
of less than 10 cm and extensive branching make 
it unfit for cross-face nerve grafting. The branch-
ing pattern, however, has led some authors to 
advocate its use in replacing the parotid plexus 
[11, 17]. Access to the nerve is gained through 
an incision over the sternocleidomastoid muscle, 
which makes it a favorable option in cases of 
concomitant neck dissection. The nerve runs 
deep to the platysma and can best be located at 
the nerve point of the neck, sometimes referred 
to as Erb’s point, at the posterior border of the 
sternocleidomastoid muscle. From there it can 
be dissected cranially along its course towards 
the ear.

10.2.3  Motor Nerves

Brenner et  al. were able to show in an animal 
model that the histomorphometric markers of 
regeneration are consistently superior in nerve 
repair with grafts taken from motor nerves rather 
than from sensory nerves [18]. Moradzadeh et al. 
confirmed these findings and furthermore 
observed that also the functional outcomes as 
well as the wet muscle mass of the target muscle 
showed a trend towards better regeneration after 
nerve repair with motor nerve grafts [19]. Their 
findings might be able to contribute to an expla-
nation why the outcome of nerve grafting is infe-
rior to direct repair. In humans, however, 
harvesting motor nerves of adequate length and 

diameter to fulfill the requirements of facial nerve 
repair would lead to inacceptable donor site mor-
bidity. In recent years, cadaveric nerve allografts 
have shown positive results in reconstruction of 
peripheral nerves. Currently, the use of cadaveric 
allografts for facial reanimation is still rarely 
reported and comparative studies of autografts 
and allografts in humans are not yet available 
[20, 21].

10.3  Ipsilateral Nerve Repair

Repair of the injured facial nerve is preferably 
performed by coaptation of the nerve stumps and 
direct suture. If nerve stumps can be identified 
but the gap cannot be closed without tension, 
either because of retraction or because of an 
extensive defect, interposition grafting allows 
restoration of the innervation of the mimic mus-
cles. Depending on the etiology, location, and 
extent of the nerve injury, a number of grafting 
techniques are at the disposal of the reconstruc-
tive surgeon. The choice of nerve graft depends 
on the length of the defect as well as on concomi-
tant surgeries.

In cases where the facial nerve is thought to be 
anatomically intact and spontaneous recovery is 
expected, it is difficult to decide when nerve 
repair is best planned. It is known that early 
repair leads to superior results [22, 23]. Therefore, 
surgeons strive for an early decision but there is a 
lack of reliable prognostic factors. In case of par-
tial recovery, a functional augmentation as 
described below may be considered rather than 
ipsilateral repair risking the partially regained 
function.

Segmental repair, i.e., grafting to restore 
individual branches of the facial nerve distal to 
the parotid plexus generally produces good out-
comes with low risk for synkinesia [24]. Injuries 
involving the main trunk of the facial nerve, 
however, involve a high risk of aberrant innerva-
tion by regenerating axons. It is known for 
peripheral nerves that the fascicular anatomy 
can change significantly over short distances 
within the nerve [25, 26]. In a recent study, we 
found that the same is true for the extracranial 
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trunk of the facial nerve, suggesting that after 
resection or debridement of even a short portion 
of the nerve, fascicles cannot be identified and 
coapted reliably. Some authors have suggested 
the use of fascicular repair with perineural 
sutures rather than epineural sutures; however, 
there is no conclusive evidence for superiority 
in facial nerve grafting.

10.4  Cross-Face Nerve Grafts

Since the procedure of supplying paralyzed 
facial muscles with neural input from the con-
tralateral side of the face was first published in 
the 1970s by Scaramella and Smith indepen-
dently, it has become the staple of facial reani-
mation. During its history, the procedure has 
been refined and adapted by different surgeons 
in slightly differing ways, but the basic principle 
remains the same: Innervation from the contra-
lateral, healthy side is transferred to the para-
lyzed side of the face via nerve grafts across the 
midline. On the paralyzed side, the target of 
innervation can be either the native mimic mus-
culature or free functional muscle transplants. 
This technique is used in patients who do not 
have a viable ipsilateral nerve stump. Patients 
must be willing to undergo the two stages neces-
sary to complete the procedure and further sur-
geries may be needed nevertheless.

In CFNGs (cross-face nerve grafts), the 
speed of axon regeneration has been observed 
to average 1.8  mm per day [27]. Taking into 
consideration the length of facial nerve grafts, 
often exceeding 10–15  cm, it is obvious that 
considerable time will elapse before muscular 
function can be expected to return. This delay 
until regenerating axons reach the distal end 
of the graft must be considered when plan-
ning the procedure. If the onset of paralysis is 
fairly recent or the paralysis is incomplete, the 
mimic muscles are likely viable for reinnerva-
tion from the contralateral side. A cut-off of 
6 months has been widely accepted for CFNG 
as a standalone procedure for complete paraly-
sis [28, 29]. For paralyses of longer duration, so 
called babysitter procedures combining CFNG 
(for emotional expression) and regional nerve 

transfers from the ipsilateral hypoglossal or 
masseteric nerve (for early and powerful motor 
innervation) are widely used [28, 30]. In doubt, 
electromyography (EMG) of the target muscles 
can guide decision-making. Fibrillations on 
EMG indicate susceptibility of the muscula-
ture for reinnervation [31]. After 18  months 
to 2 years of denervation, facial muscles must 
be expected to have become atrophied beyond 
viability for reinnervation. Therefore, in these 
cases CFNGs can be combined with a free 
functional muscle transfer to replace muscular 
function of the midface, the eye, or both [32, 
33]. Muscle transplants can also be added in 
a salvage procedure, when primary cross-face 
nerve grafting does not produce the desired 
improvement [32].

CFNG has become widely accepted as the 
standard for restoration of spontaneous and emo-
tional smile. It is therefore most commonly used 
in reanimating the corner of the mouth and the 
nasolabial fold. For reanimation of the forehead, 
brow, and lower lip, CFNG has not proven as a 
reliable source of innervation and is usually fore-
gone in favor of other procedures to improve 
symmetry. For restoration of blink and eye clo-
sure, long regeneration periods after CFNG ren-
der other procedures more attractive, like 
temporalis muscle transfer or eyelid loading sur-
geries. Nevertheless, Terzis et  al. have reported 
good results for eye closure after direct neuroti-
zation of the native orbicularis oculi muscle by 
CFNG as well as with platysma transfer inner-
vated by CFNG [34]. Biglioli et  al. similarly 
reported good results with platysma transplants 
innervated by CFNG combined with lower eyelid 
suspension [33]. Frey et al. proposed that a terri-
torially differentiated gracilis muscle transplant 
innervated by CFNGs to restore smile as well as 
eye closure is the preferable option in children or 
in adult patients when temporalis transfer to the 
eye is not possible [35].

Advanced patient age has been found to cor-
relate with decreased regeneration rates as well 
as a decreased axon count in potential donor 
nerves, which could adversely affect functional 
regeneration [27, 36]. These findings should be 
taken into consideration when discussing the 
management with elderly patients.
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10.4.1  Timing of Surgery

Cross-face nerve grafting is usually performed in 
two stages. In the first stage, the donor nerves on 
the healthy side are identified and long sural 
nerve grafts are placed through a subcutaneous 
tunnel created by blunt dissection. A small inci-
sion is made in the midline, either intraorally in 
the upper lip or in the bottom of the nasal cavity, 
to facilitate the inflection of the tunnel towards 
the paralyzed side. The graft is placed in over-
length and marked by nonabsorbable sutures on 
the paralyzed side for easier identification during 
the second stage. The proximal end of the graft is 
then approximated to a transected donor branch 
and coapted using 10-0 nonabsorbable epineural 
sutures.

The second stage can usually be planned 
around 6–9 months after the first surgery. Axonal 
outgrowth can be observed by monitoring Tinel’s 
sign. Percussion along the course of the nerve 
graft will produce a tingling sensation over the 
frontier of regenerating axons. When sufficient 
time has elapsed and Tinel’s sign has progressed 
to the distal end of the nerve graft, the graft can 
be coapted on the paralyzed side. After identifica-
tion of the nerve graft, the distal neuroma is 
resected before suturing the CFNG to the recipi-
ent nerve. As described above, the CFNG can be 
anastomosed to facial nerve branches supplying 
the native facial muscles or to a muscle transplant 
which is placed at the time of the second stage.

Additional static procedures such as suspen-
sions or eyelid loading can be performed simulta-
neously with these two surgeries. Subsequent 
corrective surgeries may become necessary nev-
ertheless after awaiting the functional results of 
the CFNG procedure.

10.4.2  Donor Branch Selection

To supply innervation to the paralyzed side, 
branches of the healthy contralateral facial nerve 
must be identified and transected. A modified 
preauricular facelift incision is used to elevate the 
skin and the superficial musculoaponeurotic sys-
tem on the healthy side. Branches of the facial 

nerve can be identified at the anterior border of 
the parotid gland. Zygomatic branches supplying 
movement to the corner of the mouth and upper 
lip usually emerge 2  cm below the zygomatic 
arch, halfway between the tragus and the corner 
of the mouth. For identification and selection of 
suitable donor branches, electrical stimulation is 
used. Therefore, it is important that either no 
muscle relaxant is used for this procedure or that 
the effect of the muscle relaxant is antagonized in 
advance. The goal is to find redundant, but spe-
cific branches for the desired function with mini-
mal synkinesis on stimulation. In a cadaveric 
study, Hembd et al. have shown that all individu-
als had at least two redundant branches per terri-
tory [37]. Intuitively, surgeons might tend 
towards sacrificing smaller branches for nerve 
grafting but it has been shown that increased axo-
nal load of donor nerves correlates with better 
results. Terzis et al. have proposed that an axon 
count greater than 900 characterizes donor nerve 
branches with excellent potential for regenera-
tion [38]. Since determining the axon count intra-
operatively is not possible, Hembd et  al. have 
sought to provide useful anatomical landmarks 
for donor nerve selection. They report that a 
branch with an axonal load greater than 900 can 
be found in all individuals after short retrograde 
intraparotid dissection of less than 1  cm [37]. 
Since they based their findings on examination of 
cadaveric specimens, nothing is known about the 
specificity of these branches. Ultimately, electri-
cal nerve stimulation should be used to identify 
the largest redundant branch which does not pro-
duce synkinesis. A diameter greater than 0.6 mm 
predicts an axonal load of 900 or more in that 
branch [37]. When selecting a redundant branch 
as donor for the contralateral side, transient mus-
cle weakness on the healthy side must be 
expected, but normal amplitudes of facial motions 
are usually regained [15, 39].

10.4.3  Augmentation of Partial 
Function

Frey et  al. have proposed the use of cross-
face- nerve grafting with distal end-to-side 
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 neurorrhaphy to “supercharge” residual or par-
tially regenerated innervation in incomplete 
paralyses [10]. The procedure is characterized 
by coaptation of the distal end of a CFNG to a 
facial nerve branch on the paralyzed side through 
a fenestration in the epineurium without transect-
ing the recipient nerve. Thus, it is expected to 
upgrade neural input without sacrificing the par-
tial function. In the initial case series, Frey et al. 
reported increased symmetry of the smile after 
distal end- to- side neurorrhaphy [10, 40].

10.4.4  Sensory Pathway Protection

A novel approach addressing the issue of excep-
tionally long grafts in cross-face grafting involves 
the coaptation of sensory nerves to the nerve 
graft [41, 42]. The proposed mechanism is that 
sensory neurons populate the nerve graft and 
keep the distal denervated graft viable for regen-
eration of the motor nerve axons [41, 43, 44]. 
Placheta et al. observed superior outcomes after 
end-to-side sensory pathway protection of 
CFNGs in rats [41]. And Catapano et al. reported 
promising results after end-to-end coaptation of 
an infraorbital nerve branch to the distal end of a 
CFNG in five patients [42]. Furthermore, they 
found no detectable loss of sensory function after 
sacrificing small branches of the infraorbital 
nerve. When sensory protection by infraorbital 
nerve is planned, the CFNG should be tunneled 
through the upper lip. The infraorbital nerve can 
be identified and anastomosed to the graft through 
an intraoral incision above the canine tooth on 
the paralyzed side.

10.5  Coaptation Techniques

Microsutures using 8-0, 10-0, or even finer 
sutures have long been the undisputed standard to 
affix nerve stumps and nerve grafts and continue 
to be the most prevalent method of coaptation in 
extracranial facial nerve repair. However, in 
recent years the use of fibrin tissue adhesives or 
“fibrin glue” has gained traction, especially in 
intracranial facial nerve repair. Fibrin tissue 

adhesive consists of two separate components, 
fibrinogen and thrombin. The components are 
combined to mimic a physiological blood clot 
creating a bond between tissues. Since good 
comparative studies of different methods of 
coaptation for facial nerve grafting in humans are 
not available, the following insights are based on 
research in animal models.

Early reports in the literature attributed inferior 
electrophysiologic and histomorphometric out-
comes to the use of fibrin glue [45, 46]. Yet more 
recent research mostly demonstrates equal or supe-
rior electrophysiological, histomorphometric, and 
even functional results after nerve repair and nerve 
grafting with fibrin glue [47–50]. The risk of dehis-
cence appears to be equal to that of conventional 
nonabsorbable sutures in the more recent studies 
[47, 49, 51]. The coaptation side can be secured by 
wrapping it in a fascial graft and securing it with 
additional adhesive. Furthermore, coaptation with 
fibrin glue is consistently reported to be quicker 
than microsutures. Whitlock et al. showed that the 
microsurgical experience of the surgeon greatly 
influences the outcome of nerve repair with epineu-
ral sutures but less so the outcome after coaptation 
with fibrin glue [51]. Therefore, although microsu-
tures are an excellent option for experienced micro-
surgeons, the use of fibrin glue may be preferable 
in novice surgeons or in centers where microsurgi-
cal neurorrhaphy is performed infrequently.

Laser welding of coaptation sites has been 
proposed as another alternative to epineural 
sutures. Menovsky et al. have reported compara-
ble outcomes after CO2 laser welding and sutur-
ing [49]. The technique they describe still uses 
sutures to secure the coaptation site, however. 
Therefore, the advantage is unclear. Evidence for 
the safety and efficacy of laser welding in facial 
nerve repair in humans is lacking and does not 
allow a recommendation.
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Avoiding Damage of the Facial 
Nerve in Parotid Surgery

Stefan Janik and Boban M. Erovic

Key Points
• Temporary and permanent facial palsy occurs 

in 10–66% to 2.5–8.0% of cases.
• The marginal mandibular branch is at most 

risk for injury during parotidectomy.
• Risk for facial palsy increases with extend of 

parotidectomy.
• Be aware of anatomic landmarks during dis-

section to avoid damage of the facial nerve.
• The posterior belly of digastric muscle, the 

tragal pointer, and the tympanomastoid suture 
line represent the three key anatomic land-
marks for identification of the extratemporal 
main trunk of the facial nerve.

11.1  Introduction

Iatrogenic facial nerve injuries account for 
approximately 7% of facial palsy (FP) [1]. 
Among them, temporomandibular joint surgeries 
are the most common procedures associated with 
facial nerve injuries (2.2%), followed by parotid 
surgery (1.5%), and tympanomastoidectomy 
(0.8%) [1]. With regard to parotid surgery, tem-
porary FP occurs in 10–66% of patients after pri-
mary parotid surgery, while permanent FP is less 
common and occurs in 2.5–8.0% of cases [2]. 
The marginal mandibular branch is at most risk 
for injury during parotidectomy [2].

11.2 Type of Parotidectomy

Extend of parotidectomy and consequently 
risk of temporary or permanent FP depend on 
type of parotidectomy, which are classified 
into extracapsular dissection (ECD), superficial 
parotidectomy, and total parotidectomy (see 
Table  11.1). Moreover, procedures requiring 
resection or sacrification of the facial nerve due 
to oncological purpose are classified as radical 
parotidectomies. In daily clinical practice, the 
parotid gland is differentiated into a superficial 
(lateral) and a deep (medial) lobe seperated by 
the facial nerve.
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11.2.1  Extracapsular Dissection

ECD is performed for small and benign tumors of 
the lateral part of the parotid gland. ECD involves 
careful dissection of the encapsulated tumor with 
safety margins under magnified visualization, but 
without identification of the facial nerve. 
Principally, ECD should be considered only in 
solitary, clinically benign tumors, smaller than 
4  cm, and located in the superficial lobe of the 
parotid gland [2].

11.2.2  Superficial Parotidectomy

Superficial parotidectomy is defined as complete 
removal of the parotid gland superficially (later-
ally) of the plane of the facial nerve. Subsequently, 
it is mandatory to identify and dissect the facial 
nerve and its branches. Superficial parotidec-
tomy is mostly performed for benign parotid 
tumors. Partial superficial parotidectomy is car-
ried out when particular facial nerve branches 
and parts of the superficial parotid gland are dis-
sected [2, 3].

11.2.3  Total Parotidectomy

The complete removal of the superficial (lat-
eral) and deep (medial) lobe of the parotid 
gland is defined as total parotidectomy. In case 
of tumor infiltration of the facial nerve, it is 
sometimes necessary to sacrifice branches of 
the facial nerve, which is classified as radical 
parotidectomy. Here it is highly recommended 
to examine proximal and distal margins of the 

resected nerve by frozen section to exclude 
perineural invasion and to ensure clear resec-
tion margins.

11.3  Pre- and Perioperative 
Considerations

11.3.1  Facial Nerve Monitoring

Facial nerve monitoring in parotid surgery for 
benign and malignant diseases reduces the risk 
of transient postoperative FP as well as the grade 
of palsy [4]. After the patient is positioned, 
scrubbed and draped, the facial nerve monitoring 
is positioned. All electrodes, the nose, and the 
mouth are covered with an OP-site® foil. At least 
two electrodes are placed into the orbicularis 
oris muscle and orbicularis oculi muscle to 
ensure monitoring of the superior and inferior 
division of the facial nerve. Frequently, there are 
additional electrodes available, which are placed 
into the mentalis and frontalis muscle to monitor 
all main peripheral branches (temporal, zygo-
matic, buccal, and marginal branch) of the facial 
nerve. The green electrode (ground electrode) is 
placed into the sternocleidomastoid or other 
muscles providing grounding (Fig.  11.1). For 
stimulating the facial nerve, a stimulation probe 
is used.

11.3.2  Surgical Microscope or 
Surgical Loupes 
for Parotidectomy?

Whether surgical microscope or surgical loupes 
are used for parotid surgery and especially for 

Table 11.1 Association between type of parotidectomy, extend of surgery, and facial palsy [2–4, 7]

Type of 
parotidectomy

Identification of the 
facial nerve Extend of parotidectomy

Rate of temporary 
FP (%)

Rate of permanent 
FP (%)

Extracapsular 
dissection

− Part of the superficial lobe 0.0–11.4 1.4–2.2

Superficial 
parotidectomy

+ Superficial lobe 10.6–20.4 0.6–10.9

Total 
parotidectomy

+ Superficial and deep lobe of 
the parotid gland

40.0–60.5 40.0–44.7

FP facial palsy
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temporal muscle
temporal branches

orbicularis oculi muscle
zygomatic branches

mentalis muscle
manidular branches

orbicularis oris muscle
buccal branches

a b

c

Fig. 11.1 Neuromonitoring. Neuromonitoring of the 
facial nerve is recommended for all parotid surgeries. 
Depending on the system, two to four electrodes and one 
ground electrode are used. Herein the electrodes were 
placed after the patient was positioned, scrubbed and 
draped. Electrodes were placed into the temporalis, orbi-
cularis oculi, orbicularis oris, and mentalis muscle, which 

are supplied by the temporal, zygomatic, buccal, and mar-
ginal branch of the facial nerve (a). An additional elec-
trode has to be placed as ground electrode into any muscle 
of the neck. All electrodes, the nose, and the mouth are 
covered with an OP-site® foil (b). All muscles with cor-
responding branches are monitored separately (c)
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dissection of facial nerve depends on surgeon’s 
preference. Currently, there exist no data indicat-
ing that parotid surgery with surgical microscope 
is superior regarding complications, FP, and 
recurrence compared to surgical loupes. 
Nonetheless, the use of surgical loupes, with less 
magnification, provides a higher amount of flex-
ibility and are more practicable compared to sur-
gical microscopes. Hence, surgical loupes are 
most commonly used, while surgical micro-
scopes are applied only in selected cases (e.g. re-
anastomosis of facial branches).

11.3.3  Single Shot Antibiotic 
Treatment

Routine prophylactic antibiotic treatment as a 
single shot does not provide any significant bene-
fit in preventing postoperative wound infection or 
function of the facial nerve. Since parotid surgery 
is principally considered as uncontaminated, the 
use of antibiotic prophylaxis is not recommended. 
Due to the fact that the risk for wound infections 
increases with operation time and extend of sur-
gery, prophylactic perioperative antibiotic treat-
ment is only recommended for patients undergoing 
parotid gland surgery with resection of adjacent 
structures and/or neck dissection [5].

11.4 Superficial Parotidectomy

11.4.1  Positioning and Skin Incision

The patient is placed into the supine position with 
the head turned to the opposite site. Additionally, 
it may be helpful to slightly overextend the head 
to improve exposure. The standard incision for 
parotidectomy is the modified Blair’s incision, 
which is done within a preauricular crease, start-
ing superiorly to the root of the helix, going infe-
riorly around the lobule of the ear and reaching 
the tip of mastoid. The incision extends further 

downwards on the anterior border of the sterno-
cleidomastoid muscle, where it curves gently 
within a skin crease caudal along the anterior, 
upper neck.

11.4.2  SMAS Flap

To expose the parotid gland, it is mandatory to 
dissect skin flaps within the preauricular plain, 
superficial to the parotid fascia and within the 
submandibular, cervical plain, superficial to the 
sternocleidomastoid muscle and platysma. At 
this point, we are elevating a superficial musculo-
aponeurotic system (SMAS) flap. The SMAS 
represents a natural layer between the skin and 
the parotid fascia, comprising muscle fibers and 
connective tissue, which facilitates activity of all 
facial muscles. Dissection of the SMAS flap pro-
vides bulky tissue that can be used to reduce the 
risk of gustatory sweating, known as Frey 
Syndrome. After elevation of the SMAS flap 
superiorly to the parotid fascia, the anterior bor-
der of the sternocleidomastoid muscle is dis-
sected inferiorly until its attachment to the 
mastoid bone.

11.4.3  Landmark I: Posterior Belly 
of the Digastric Muscle

Below the sternocleidomastoid muscle, the pos-
terior belly of the digastric muscle is exposed 
proximal to its attachment at the mastoid bone. 
The posterior belly of the digastric muscle repre-
sents a first, superficial landmark, which covers 
the deeper styloid process and the facial nerve. 
The facial nerve emerges from the stylomastoid 
foramen that is bounded by the styloid process 
medially and the mastoid process of the tempo-
ral bone laterally. Therefore, the posterior belly 
of the digastric muscle indicates the depth at 
which the facial nerve will be encountered 
(Drawing I).
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11.4.4  Landmark II: Tragal Pointer

After dissecting the tight fascia between the car-
tilaginous external auditory channel and the 
parotid gland, the parotid gland is retracted ante-
riorly to expose the tragal pointer. The tragal 
pointer  represents the second landmark that is 
used to identify the main trunk of the facial nerve. 
In particular, the facial nerve can be typically 
localized 1–1.5 cm below and inferior to the tra-
gal pointer. Another reliable anatomic landmark 
for detecting the facial nerve represents the tym-
panomastoid suture line. By following the tym-
panomastoid suture line medially, the facial nerve 
can be usually found 6–8 mm along the end of the 
tympanomastoid suture line.

11.4.5  Dissection

Once the main trunk of the facial nerve was iden-
tified, the overlying (superficial) parotid tissue is 
meticulously tunneled and elevated with the tips 
of a fine mosquito clamp. The tips of the mos-
quito clamp should be directed upwards and sur-
geon should be always aware of the position of 
the facial nerve. Then the bridge of parotid tissue 
between the mosquito clamps can be safely 
divided as the facial nerve typically doesn’t pass 
its plain. There is no significant difference regard-
ing FP comparing cold steel preparation with 
bipolar dissection technique. The superficial 
parotid tissue is stepwise elevated, dissected and 
followed peripherally until the whole superficial 
parotid gland is removed from the peripheral 
branches of the facial nerve, which completes a 
superficial or lateral parotidectomy.

11.4.6  Wound Closure, Dressing, 
and Postoperative Antibiotic 
Treatment

Finally, the wound is carefully rinsed with saline 
and all bleeding sites are coagulated with bipolar 
electrocautery. After the integrity of the facial 

nerve has been finally proved by electrical stimu-
lation of the main trunk and occasionally of 
peripheral branches, a suction drain is inserted, 
and a two-layer wound closure is done. Currently, 
no recommendations exist regarding optimal 
wound dressing after parotidectomy. Therefore, 
the choice of dressing depends on surgeons’ pref-
erences. To avoid seroma formation, salivary fis-
tulas, and sialoceles, a pressure dressing could be 
applied for at least 3  days with daily changes. 
Similar to prophylactic perioperative antibiotic 
treatment, there are no data showing that antibi-
otic treatment for 5–7 days after parotid surgery is 
associated with improved outcome and lower 
rates of wound infections. Therefore, prophylactic 
postoperative application of antibiotics cannot be 
generally recommended after parotid surgery, and 
treating physicians have to decide individually on 
patient risk factors whether postoperative antibi-
otic treatment is warranted or not (Fig. 11.2).

11.5  Neck Dissection and Facial 
Nerve

Neck Dissection (ND) is defined as surgical dis-
section and removal of neck lymph nodes with 
adjacent connective tissue. Lymph nodes of the 
neck are classified into six neck levels. Among 
them, ND of level I, particularly level Ib, has the 
highest risk for damage of the marginal mandibu-
lar branch of the facial nerve. ND is necessary to 
evaluate regional neck node involvement of 
malignant head and neck tumors and parotid 
malignancies.

11.5.1  Level I: Boundaries

The mandible represents the superior border of 
the level I, while the anterior belly of the contra-
lateral digastric muscle represents the anterior 
border and the stylohyoid muscle the posterior 
border of level I.  This triangle can be further 
divided in level Ia and level Ib. Level Ia (submen-
tal triangle) is bounded by the anterior bellies of 
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Fig. 11.2 Superficial parotidectomy. Modified Blair’s 
incision, tumor (dotted lines), and mandible are marked 
(a). Skin incision and dissection to expose the fascia of the 
parotid gland, the sternocleidomastoid muscle (SCM), 
and the platysma (b). Elevation of SMAS (superficial 
musculoaponeurotic system) flap (c) and identification of 
the anterior border of the SCM (d). Retraction of the SCM 
posteriorly and further dissection to expose the posterior 
belly of the digastric muscle (Landmark I) proximal to its 
attachment to the mastoid bone (e). Next, the fascia 
between the cartilaginous external auditory channel and 
the parotid gland is dissected, and the parotid gland is 

retracted anteriorly to expose the tragal pointer (f). The 
tragal pointer serves as another landmark (Landmark II) 
that is most commonly used for identification of the main 
trunk of the facial nerve, which can be typically found 
1–1.5 cm below and inferior to the tragal pointer (g). Once 
the trunk of the facial nerve is identified, dissection pro-
ceeds distally until pes anserinus and further branches (h) 
are identified. Superficial parotidectomy is completed 
after removal of the entire lobe of the parotid gland super-
ficial of the plane of the facial nerve. Finally, suction drain 
is inserted and a two- to three-layer wound closure is done 
(i). SMAS flap
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each digastric muscle and the hyoid, while level 
Ib (submandibular triangle) is anteriorly bounded 
by the anterior belly of the ipsilateral digastric 
muscle, posteriorly by the stylohyoid muscle, 
and superiorly by the mandible.

11.5.2  Risk for Damage 
of the Marginal Mandibular 
Branch

The marginal mandibular branch of the facial 
nerve is of particular risk for damage during 
parotid and submandibular gland surgery and 
level Ib ND including removal of the subman-
dibular gland. Temporary and permanent palsy of 
the marginal mandibular branch are reported in 
12.9% and 2.7% of patients after level Ib ND, 
compared to 33.3% and 11.1% after parotid sur-
gery with level Ib ND, respectively [6]. Although 
temporary weakness of the marginal mandibular 
branch is frequently noticed during level Ib ND 
and parotid surgery, palsy is reversible in the 
majority of patients over time when the integrity 
of the facial nerve has been preserved [6].

11.6  Level Ib Neck Dissection

Although palsy of the marginal mandibular 
branch is temporary in the majority of patients, 
the treating head and neck surgeon has to know 
all surgical and anatomical landmarks during 
level Ib ND to avoid damage of the marginal 
mandibular branch.

11.6.1  Skin Incision

Skin incision for ND, resection of submandibular 
gland or the cervical part of the modified Blair’s 
incision for parotidectomy should be placed at 
least 2 cm (or 1 finger) below the lower border of 
the mandible.

11.6.2  Elevation of Platysma Flaps

After skin incision, the platysma muscle should 
be divided horizontally to elevate a superior and 
an inferior platysma flap. The submandibular 
gland can be identified directly below the pla-
tysma in level Ib.

11.6.3  Identification of the Marginal 
Mandibular Branch

After exposure of the submandibular gland, all 
landmarks have to be identified. It has always to 
be kept in mind that the marginal mandibular 
branch is crossing superficially the facial artery. 
In particular, the facial artery arises from the 
external carotid artery, runs superior to the sub-
mandibular gland, and enters the lower border 
of the mandible, at the mandibular notch. The 
facial artery enters the mandibular notch 
2.5–3 cm ventrally from the mandibular angle. 
The marginal mandibular branch can be easily 
identified approximately 1.5  cm superior the 
mandibular notch, superficial to the facial artery 
(Fig. 11.3).
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a b

c

Fig. 11.3 Level Ib neck dissection with special emphasis 
on the marginal mandibular branch. Skin incision should 
be done at least 2 cm (1 finger) below the lower border of 
the mandible. Dotted line indicates marginal mandibular 
branch and arrow points at marginal notch, 2.5–3 cm ven-
trally from mandibular angle, where facial artery enters the 
lower border of the mandible (a, b). Importantly, marginal 

mandibular branch runs superficially to facial artery and 
can be easily identified approximately 1.5 cm superior to 
the mandibular notch (b, c). After elevation of platysma 
flaps, the submandibular gland and the superiorly running 
facial artery are exposed. Arrows indicate the course of the 
marginal mandibular branch, which is superior to the facial 
artery and parallel to the lower border of mandible (c)
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Key Points
• Approaches to the mandible and the temporo-

mandibular joint have the highest incidence of 
iatrogenic facial nerve injury.

• The buccal branch is at most risk for injury 
during the retromandibular anteroparotid 
transmasseteric approach.

• The marginal mandibular branch is at most 
risk for injury during the retromandibular 
transparotid approach.

• The submandibular approach and the retro-
mandibular transparotid approach have the 
highest risk for transient facial nerve injury.

• In-depth understanding and proper dissection 
of fascial planes in the neck, face, and tempo-
ral region is essential to avoid damage of the 
facial nerve.

12.1  Introduction

Surgical interventions to the mandible and the 
temporomandibular joint (TMJ) account for up 
to 40% of iatrogenic facial nerve injuries, fol-
lowed by oncologic resections in the head and 
neck region (25%), otologic surgery (17%), and 
cosmetic surgery (11%) [1]. The TMJ commonly 
requires surgical exposure for the management 

of condylar fractures as well as for a plethora 
of pathologic conditions, including internal 
derangements of the joint, developmental disor-
ders, ankylosis, and tumors. Over the years, the 
following surgical approaches to the TMJ and 
the mandible have been used: retromandibular, 
preauricular, auricular, endaural, retroauricular, 
rhytidectomy, periangular, submandibular, and 
intraoral approach. This chapter will provide an 
in-depth description of the commonly used ret-
romandibular and preauricular approaches to 
the TMJ and the associated risks for facial nerve 
injury.

12.2  Retromandibular Approach 
to the TMJ

In the literature, the following retromandibular 
approaches have been described based on route 
of surgical dissection with regard to the parotid 
gland and masseter muscle: (1) the anteroparotid 
transmasseteric approach (dissection proceeds 
along the anteroinferior border of the parotid and 
through the masseter muscle), (2) the transpar-
otid approach (dissection enters the parotid). The 
main advantages of the retromandibular 
approaches are the reduced distance from the 
skin incision to the mandibular condyle and the 
TMJ, adequate exposure of the surgical field, and 
hidden scars [2].
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12.2.1  Surgical Anatomy

During the anteroparotid transmasseteric 
approach, the branch of the facial nerve mostly 
at risk is the buccal branch. The buccal branch 
emerges from the parotid gland deep to the parot-
idomasseteric fascia. The nerve runs parallel and 
inferior to the parotid duct in approximately 75% 
of cases (Fig. 12.1), while in the remaining 25% 
the nerve runs parallel and superior to the duct 
[3]. The buccal branch pierces the parotidomas-
seteric fascia at the anterior border of the mas-
seter, in vicinity to the masseteric cutaneous 
ligaments. The clinical consequences of injury 
to the buccal branch are less severe compared to 
the marginal mandibular and the frontal branches 
as there are several communicating branches 
between the buccal and zygomatic branches of 
the facial nerve.

During the transparotid approach, the branch 
of the facial nerve mostly at risk is the marginal 
mandibular branch. In the literature, several vari-
ations of both the path of the marginal mandibu-
lar nerve and its position in fascial planes of the 
face and neck have been described. Within the 
parotid gland, the marginal mandibular nerve 
arises most often from the lower (cervicofacial) 
division of the facial nerve as a single branch. 
After exiting the parotid gland near its inferior 
border, the nerve is covered by the parotidomas-
seteric fascia and courses from posterosuperior to 
anteroinferior towards the mandibular angle. 
This trajectory leaves a space between the mar-
ginal mandibular branch and the buccal branch, 
through which the mandible can be safely 

accessed [4]. Posterior to the facial artery, the 
marginal mandibular nerve runs 1–2  cm above 
the lower border of the mandible in 81% of cases, 
while in the remaining 19% one or more rami of 
the nerve form a downward arc whose lowest 
point extends into the neck up to 1.2 cm below 
the lower border of the mandible. The marginal 
mandibular branch lies initially within or deep to 
the investing layer of the deep cervical fascia. 
Near the mandibular mid-body, the nerve crosses 
superficial to the facial vessels (Fig.  12.2) and 
perforates the deep cervical fascia to continue in 
a plane between the platysma and the deep cervi-
cal fascia. Anterior to the facial artery, all of the 
rami of the marginal mandibular nerve run above 
the lower border of the mandible [5].

Facial nerve injury can be avoided by: (1) dis-
secting above the superficial musculoaponeurotic 
system (SMAS) and platysma, (2) identification 
of the marginal mandibular branch in the sub-
platysmal plane, (3) ligation of the facial vessels 
and dissection in a plane below the deep cervi-
cal fascia and deep to the ligated facial vessels 
(Fig. 12.3a–d).

Throughout the retromandibular approaches, 
care should be taken to avoid hemorrhage from the 
retromandibular (posterior facial) vein, which is 
formed by the superficial temporal vein and the 
internal maxillary vein at the level of the mandibu-
lar condyle. The retromandibular vein runs down-
ward just posterior to the mandibular ramus and 
crosses the marginal mandibular branch, which 
runs superficial to the vein in 98% of cases [5].

Fig. 12.1 Relation of the buccal branch of the facial 
nerve to the parotid duct

Fig. 12.2 Relation of the marginal mandibular branch of 
the facial nerve to the facial vessels and the lower border 
of the mandible
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12.2.2  Retromandibular 
Anteroparotid 
Transmasseteric Approach

The skin incision is placed 0.5 cm below the ear-
lobe and approximately 1 cm behind the poste-
rior border of the mandibular ascending ramus 
(Fig. 12.4b). The incision is carried downwards 
for 3–3.5  cm and maybe extended preauricular 
and/or periangular. The depth of incision is the 
parotidomasseteric plane (Fig. 12.4c) and under-
mining of subcutaneous tissue with scissors is 
performed in all directions to allow for better 
exposure and maximal tissue retraction. Incision 
of the parotidomasseteric fascia near the anterior- 
inferior edge of the parotid exposes both the mas-
seter muscle and parotid substance (Fig. 12.4d). 
Then, the parotid is bluntly pushed upwards 
while looking on the surface of the masseter mus-
cle for branches of the facial nerve (Fig. 12.4e). 
The surgical field near the anterior-inferior edge 
of the parotid gland is usually free of branches of 

the facial nerve; occasionally the buccal branch 
can be encountered. The use of a nerve stimulator- 
locator is recommended in order to reduce the 
possibility of accidental nerve damage. Then, the 
masseter is bluntly dissected parallel to its mus-
cle fibers until the mandibular periosteum is 
reached, which then is sharply incised. A perios-
teal elevator is used to strip the periosteum and 
masseter muscle to expose the mandibular angle, 
ascending ramus, sigmoid notch, coronoid pro-
cess, and condyle (Fig. 12.4f) [6].

12.2.3  Retromandibular 
Transparotid Approach

The position and depth of incision is placed as 
described for the retromandibular anteroparotid 
transmasseteric approach. The parotidomasse-
teric fascia is incised at the level of the posterior 
border of the mandibular ramus and the parotid 
gland becomes visible. Then, blunt dissection 

a b
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Fig. 12.3 Prevention of marginal mandibular branch 
injury by ligation of facial vessels. The facial vein and 
artery are identified through a submandibular incision (a). 

Ligation of facial vein (b) and facial artery (c). Dissection 
in a plane below the deep cervical fascia and deep to the 
ligated facial vessels (d)
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within the parotid parallel to the expected course 
of the facial nerve branches and towards the peri-
osteum of the posterior border of the mandible is 
performed. The marginal mandibular branch and/
or the retromandibular vein maybe encountered 
during dissection and should be protected 
(Fig.  12.5). The pterygomasseteric sling is 
exposed and sharply divided superiorly, posteri-
orly, and around the mandibular angle. A perios-
teal elevator is used to detach the periosteum and 
the masseter from the mandible and thus expose 
the condyle and the TMJ.

12.3  Preauricular Approach 
to the TMJ

The preauricular approach provides direct access 
to the TMJ and is particularly useful in cases of 
antero-medially displaced condylar head and 
condylar neck fractures. Otherwise, exposure of 
the mandibular ramus is limited and plate fixation 
technically difficult. In the literature, the follow-
ing preauricular approaches have been described 
based on route of surgical dissection: (1) the sub-
fascial approach (dissection deep to the superfi-

a b c
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Fig. 12.4 Retromandibular anteroparotid approach for 
treatment of condylar fracture. The condylar fracture is 
shown on computed tomography scan (a). The skin inci-
sion is made right below the earlobe and approximately 
1 cm behind the posterior border of the mandible (b) to 
the depth of the parotidomasseteric fascia (c). The paroti-

domasseteric fascia is incised (d) and the parotid gland is 
pushed upwards to expose the masseter muscle while 
looking for branches of the facial nerve (e). The masseter 
is bluntly dissected and the mandibular periosteum incised 
to expose the fracture site (f). Reposition and osteosynthe-
sis of the condylar fracture with two plates (g)
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cial layer of the deep temporal fascia), (2) the 
deep subfascial approach (dissection just below 
the deep layer of the deep temporal fascia). The 
auricular approach presents a modification of the 
preauricular approach resulting in better cos-
metic outcome.

12.3.1  Surgical Anatomy

During the preauricular approach, the branch of 
the facial nerve mostly at risk is the frontal (or 
temporal) branch. In their classic anatomic study, 
Pitanguy and Ramos described the cutaneous 
course of the frontal branch on a line extending 
0.5 cm below the tragus to a point 1 cm above the 
lateral edge of the eyebrow (or 1.5 cm lateral to the 
supraorbital rim) [7]. The frontal branch, which 
consists of 2–4 nerve branches, emerges from the 
parotid gland deep to the parotidomasseteric fascia 

lying on the masseter muscle. Then, it crosses the 
zygomatic arch in a distance of 8–35 mm (average 
20 mm) from the anterior- most portion of the bony 
external auditory canal (Fig. 12.6) [8]. At the level 
of the zygomatic arch the frontal branch abuts the 
periosteum and is covered by the parotidotemporal 
(or innominate) fascia, SMAS, subcutaneous tis-
sue, and skin [9, 10]. At 1 cm above the zygomatic 
arch, the frontal branch lies just above the deep 
temporal fascia and is covered by the parotidotem-
poral fascia, temporoparietal fascia (extension of 
the SMAS), subcutaneous tissue, and skin. At 
approximately 2–3 cm above the zygomatic arch, 
the frontal branch pierces the parotidotemporal 
fascia and lies just deep to the temporoparietal fas-
cia [9]. In the temporal region, dissection either 
deep to the superficial layer of the deep temporal 
fascia or just below the deep layer of the deep tem-
poral fascia will prevent injury to the frontal 
branch. At the zygomatic arch, the nerve can be 
protected by incising the periosteum within 8 mm 
in front of the anterior edge of the bony external 
auditory canal.

12.3.2  Subfascial Approach

The skin incision is placed in a preauricular 
natural skin crease from the lobule to the top 

Fig. 12.5 Retromandibular transparotid approach for 
treatment of condylar fracture. The marginal mandibular 
branch of the facial nerve crosses above the retromandibu-
lar vein in 98% of cases. Reposition and osteosynthesis of 
the condylar fracture with one plate placed at the posterior 
edge of the mandibular condyle

Fig. 12.6 Frontal (or temporal) branch of the facial 
nerve. The frontal branch of the facial nerve crosses right 
above the periosteum of the zygomatic arch in a distance 
of about 20 mm from the bony external auditory canal
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of the helix (Fig.  12.7a) and maybe extended 
superoanterior in the temporal area (hockey-
stick extension). Above the zygomatic arch, the 
incision goes through subcutaneous tissue, the 
temporoparietal fascia, and the parotidotempo-
ral fascia (Fig. 12.7b) exposing the well-defined, 
white superficial layer of the deep temporal fas-
cia (Fig.  12.7c), and a flap is bluntly dissected 
anteriorly. Below the zygomatic arch, blunt dis-
section is performed alongside and parallel to the 
external auditory cartilage to avoid injury to the 
ear. The superficial layer of the deep temporal 
fascia is then incised beginning at the root of the 
zygomatic arch and the incision line continues at 

45° in a superoanterior direction. The superficial 
temporal fat pad enclosed between the superficial 
and deep layers of the deep temporal fascia is 
exposed and dissection continues within the fat 
pad towards the zygomatic arch. The periosteum 
of the zygomatic arch is incised on its superome-
dial surface and subperiosteal dissection proceeds 
anteriorly to the articular eminence (Fig. 12.7d), 
thus retracting from beneath the flap and protect-
ing the frontal branch of the facial nerve. Then, 
blunt dissection with scissors and/or periosteal 
elevators is performed downwards to expose the 
TMJ capsule, the condylar head, and the condy-
lar neck (Fig. 12.7e).

a b c
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Fig. 12.7 Preauricular subfascial approach for treatment 
of high condylar neck fracture. The skin incision is 
designed in a preauricular natural skin crease from the ear 
lobule to the top of the helix (a). Above the zygomatic 
arch, the incision is made through subcutaneous tissue, 
the temporoparietal fascia, and the parotidotemporal fas-

cia (b) exposing the deep temporal fascia (c). The superfi-
cial layer of the deep temporal fascia is incised and 
subperiosteal dissection along the zygomatic arch is per-
formed (d). The TMJ and condylar head is exposed (e). 
Reposition and osteosynthesis of the high condylar neck 
fracture (f)
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12.3.3  Deep Subfascial Approach

The deep subfascial approach is a modification of 
the traditional subfascial approach. In this tech-
nique, both the superficial and the deep layer of 
the deep temporal fascia are incised and the 
superficial temporal fat pad is dissected. Thus, 
compared to the traditional technique, the deep 
subfascial approach provides two additional 
 tissue layers (superficial temporal fat pad and 
deep layer of the deep temporal fascia) of protec-
tion for the frontal branch of the facial nerve.

12.4  Approaches to the TMJ 
and Risk for Facial Nerve 
Injury

Approaches to the mandible and the TMJ have 
the highest incidence of iatrogenic facial nerve 
injury. Al-Moraissi et  al. evaluated in a recent 
meta-analysis the risk for permanent and tran-
sient facial nerve injury based on different surgi-
cal approaches to the TMJ [2]. They found that 
all described surgical approaches to the TMJ 
have low or no risk for permanent facial nerve 
injury. The highest risk for permanent damage 
to the facial nerve was found for the subman-
dibular approach (2.2%) followed by the retro-
mandibular transparotid approach (1.4%), while 
the retromandibular anteroparotid transmasse-
teric approach, the preauricular deep subfascial 
approach, and the intraoral approach showed no 
risk for permanent facial nerve injury. Similarly, 
the highest risk for transient facial nerve injury 
was found for the submandibular approach 
(15.3%) followed by the retromandibular transp-
arotid approach (14.4%). The retromandibular 

anteroparotid transmasseteric approach (3.4%) 
and the intraoral endoscopic-assisted approach 
(4.2%) showed a relatively low risk for transient 
damage to the facial nerve.
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Principles of Smile Reanimation
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13.1  Introduction

13.1.1  History of the Smile

The face is one of the most visible parts of the 
body, and therefore facial expressions are widely 
recognized as one of the main tools for communi-
cation and social intelligence. Facial expressions 
allow for nonverbal communication and the 
expression of emotions that are intrinsic features 
in the evolution of human behavior and social 
interaction [1]. Darwin first described the six 
basic facial expressions (disgust, joy, fear, sur-
prise, anger, sadness), which result from combi-
nations of synchronous movements of different 
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Key Points
• Smile reanimation is a key goal in the 

reconstruction of the paralyzed face due 
to the importance of the smile as one of 
the main facial expressions.

• Smiling displays joy, but it is also a sig-
naling system that evolved to communi-
cate many kinds of information in ways 
that vary between cultures and geo-
graphic locations.

• The type of smiles can be classified as 
Duchenne versus non-Duchenne smiles 
(depending on if there is co-contraction 
of the orbicularis oris with the smile or 
not) and by the Rubin’s classification of 
smile (Mona Lisa type, Canine type, and 
full denture type).

• The vector of pull of the oral commis-
sure from the mimetic muscles, particu-
larly the zygomaticus major, is the main 
reference for adequate position of the 
transplanted muscle in facial 
reanimation.

• Smile reanimation with muscle flaps 
needs to take into consideration several 
important factors, such as the selection 
of the surgical technique (free muscle vs 
regional muscle), donor muscle, type of 
neurotizer (facial nerve, nonfacial nerve, 
or dual innervation), and surgical stag-
ing (one versus two stages) and its peri-
operative management.
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facial mimic muscles [2]. Many variations within 
these facial expressions are influenced by ana-
tomical differences, demographic differences, 
and cultural backgrounds [1]. Among all facial 
expressions, smiling or the display of joy is one 
of the most relevant ones for social interaction.

Smile reanimation is a key goal in treating the 
paralyzed face so as to restore one of the main 
facial expressions and thereby increase the 
patient’s quality of life. In this chapter, we review 
essential aspects in smiling, including the evolu-
tion, sociocultural aspects, and types of smiles, 
followed by a description of the main factors to 
be considered in smile reanimation in long- 
standing facial paralysis.

13.1.2  Evolution of the Human Smile

Facial expressions and the human smile in particu-
lar have been studied from the evolutionary point of 
view as biological adaptations. Facial expressions 
are socially important signals among most nonhu-
man primates as well as humans [1]. Primatologist 
Signe Preuschoft traces the smile back over 30 mil-
lion years. With clenched teeth and relaxed lips 
monkeys and apes showed predators that they were 
harmless and signal submission to more dominant 
members in their group. Moreover, this open mouth 
gesture expresses happiness and fun [3], which is so 
called “fear grin”  and conveys a sign of playfulness 
among barbary macaques [4]. Chimpanzees have 
been observed to do so to signal both dominant and 
nonaggressive behavior [5]. Kinesic and psycho-
logical studies reveal that a smile can communicate 
feelings such as contempt, embarrassment, happi-
ness, love, and pride [6]. The “fear grin” smile may 
have evolved differently among different species. 
Among humans, it might be a natural evolutionary 
precursor to the human smile, a “metacommunica-
tive signal of bi-directional affiliative social engage-
ment” [4].

13.1.3  Social and Cultural Aspects 
of the Smile

The smile is a nonverbal signal of communica-
tion, which can be universally associated with 

emotional experiences of happiness, signaling 
friendliness, approachability, and cooperativity 
[5]. It can convey politeness or appeasement and 
improve interpersonal communication. 
Numerous studies have shown that smiling indi-
viduals were perceived as more attractive, com-
munal, competent [7], approachable [8], friendly, 
more likable [9], and happier [10]. Moreover, a 
smile induces a “safe and satisfying interaction” 
[11], as suggested in the song “When You’re 
Smiling”: “When you’re smiling, the whole 
world smiles with you” [12]. There are vast dif-
ferent types of smile with various meanings. A 
smile can communicate positive emotions, psy-
chological signals, social intentions, or a person’s 
social status [13]. Spontaneous smile is prevalent 
among apes and humans, whereas social smiling 
may be unique to humans only. Spontaneous 
smile is the emotional experience of happiness 
independent of social context, which may highly 
correlate with social motivations, such as signal-
ing approachability, cooperativity, friendliness, 
and politeness to convey appeasement to diffuse 
social tension. The silent bared-teeth display, 
e.g., “fear grin,” observed in nonhuman primates 
might be a phylogenetic precursor to the human 
social smile. It has been observed in dominant 
chimpanzees toward their subordinates, as a sub-
missive and nonaggressive signal to deflect hos-
tile interactions [5]. In human social contexts, 
smiling and laughing have different functions in 
the following order: smiling may be a “pre- 
laughing device,” a common pattern before 
laughing; smile can also be a response to previ-
ous laughter [14]. It is also a signaling system 
that evolved to communicate various informa-
tion. One of these is to advertise sexual interest. 
Research examined gender difference in relative 
sexual attractiveness of individuals showing 
expressions of happiness, pride, and shame. 
Happiness was the most attractive female emo-
tional expression. Female smiles increase physi-
cal attractiveness, enhance sex appeal, and are 
appealing to heterosexual males. In contrast, 
pride was the most attractive male expression, 
and one of the least attractive in women to attract 
heterosexual gender. Shame was attractive for 
females and males. Younger adult women were 
mostly enticed by male shame and pride, and less 
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by male happiness or smile [15]. Studies con-
firmed gender-specific effect of distinct expres-
sions on sexual attractiveness and irrespective of 
their nationality, women smile more than men 
[16].

Smiling is a means of communication 
throughout the world [17]. Spontaneous smile in 
humans occurs cross-culturally early in infancy 
and appears more frequent in a population 
engaged in many face-to-face interactions 
between caregivers and offspring than in a popu-
lation in which face-to-face interaction was 
uncommon [18].

Smiling is perceived commonly as a positive 
emotion, but for some cultures smile is a negative 
and unwelcome expression, and may be used to 
convey confusion or embarrassment [17]. Asian 
people may smile when they are embarrassed, in 
emotional pain, or to indicate a friendly greeting; 
sometimes it is only reserved for close friends 
and family members. In the blog post “The 
Cross-Cultural Meanings of a Smile,”  Shelley 
Batts reflected smile in North America as a 
friendly, positive gesture of trust. This gesture is 
based on historic frontier society in the USA with 
little official law enforcement, where the first 
sight communication—“I am a friend”—was 
important. In more hierarchical cultures, where 
emotional expressions are less expected, such as 
Russia or East Asia, the smile is not central to 
communication. Anecdotal evidence confirms 
this finding, where smiling at strangers is consid-
ered to be unusual and even suspicious behavior 
[19]: well-known Russian proverb says “Улыбкa, 
бeз пpичины  - пpизнaк дypaчины” (“smiling 
with no reason is a sign of stupidity”), a Korean 
proverb conveys “He who smiles a lot is not a 
real man,” and a saying in Japanese phrases 
“when in trouble, get away with a smile.” The 
Norwegian government wittily indicated that 
Norwegians may assume a smiling stranger as 
insane [20]. British guidebook informed tourists 
that smiling at strangers is perceived as a sign of 
stupidity by Poles [21] and too much smiling can 
be viewed as a sign of shallowness or dishonesty 
[22]. Even Darwin [2] wrote about “the large 
class of idiots who are  …  constantly smiling” 
[20]. Smiling may be seen as a frivolous activity 
for a government document (e.g., driver’s license 

photo) and might indicate an unserious driver’s 
responsibility of the license holder.

According to Kuba Krys, a Polish psycholo-
gist, smiling is not consistently perceived as a 
sign of intelligence among cultures. Smiling 
faces are rated significantly more intelligent than 
those of non-smiling people in Germany, 
Switzerland, Malaysia, China, Austria, Egypt, 
Philippines, United Kingdom, Denmark, Brazil, 
Pakistan, Nigeria, Portugal, Nigeria, Australia, 
Turkey, Georgia, Canada, and Zimbabwe out of 
44 studied cultures [20]. But in France, Russia, 
South Korea, Iran, India, and Japan, smiling faces 
are considered significantly less intelligent. No 
significant difference in the intelligence ratings 
of smiling versus non-smiling individuals was 
found in Taiwan, USA, Ireland, Albania, Kuwait, 
South Africa, Indonesia, Maldives, Colombia, 
Norway, Argentina, Italy, Hong Kong, Hungary, 
Greece, Poland, Mexico, and Israel. The variabil-
ity of smile perception is neither embedded geo-
graphically (e.g., neighboring countries like 
China and Japan or Germany and France are on 
different ends of the distributions) nor economi-
cally, but is deeply rooted in cultural dimensions 
[20] (Fig. 13.1).

Countries that rank lower on a cultural phe-
nomenon known as “uncertainty avoidance” tend 
to have unstable healthcare, court, and political 
environments. People in those cultures, e.g., 
Russia, India, and Argentina, view the future as 
unpredictable and uncontrollable, thus may asso-
ciate dishonesty with smiling. A smile looks 
unwise to them or causes them to suspect that the 
smiling person has done something 
untrustworthy.

Studies of the complex interactions between 
cultures and the social perception of nonverbal 
behavior are only a few [7]. Rychlowska and col-
laborators (2015) accessed cultural variation of 
smile that goes beyond East–West cultural com-
parisons. They pointed out the importance of het-
erogeneity versus homogeneity of cultures in 
predicting the “endorsement of smiling.”

Three characteristic smile codes (American, 
Japanese, Polish) have been analyzed and are 
found to be closely related to cultural norms and 
values: in the USA, cheerfulness and friendli-
ness; in Japan, social harmony; in Poland, sincer-
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ity. According to Szarota et al. the social act of 
smiling is related to the given culture and its 
ideas of “happiness.” In the USA, “an ethic of 
cheerfulness is closely connected to a cultural 
preoccupation with happiness, construed as an 
internal attribute to be pursued and attained via 
personal striving,” but Japanese and Polish peo-
ple understand happiness as ephemeral and tem-
porary [16].

The motivation for smiling differs cross- 
culturally: Americans usually smile to present 
themselves as happy and friendly, Japanese smile 
to look agreeable and self-controlled, and Poles 
smile to reflect inner feelings and rarely engage 
in social smiling [23]. Part of this variability is 
also the beholder’s cultural background how 
smile is perceived among cultures. Americans 
interpret emoticons by observing expression at 
the mouth area, seeing ☺ as happy and ☹ as 
sad, while Japanese find eye expressions, ^_^ as 
joyful and;_; as tearful. Japanese emphasize the 
upper half of a face when determining its trust-
worthiness, but Americans focus more on the 
lower half [24]. This variation may call into ques-
tion how true the lower face reflects emotions as 
Duchenne described that the mouth can be 

manipulated into a smile more easily than the 
eyes.

13.1.4  Types of Smile 
and Anatomical Variations

The smile is a mechanical consequence of an 
upturn of the commissures of the mouth and is 
generally associated with joy display, but it also 
serves as a nonverbal communication tool, as pre-
viously described. It is formed primarily by flex-
ing about 42 muscles around the mouth and 
cheeks [25]. Research has evaluated distinctions 
among smiles that have led to different classifica-
tions of types of smiles.

In 1862, Guillaume-Benjamin Duchenne de 
Boulogne studied the physiology of facial 
expressions and evaluated the movement of 
individual facial muscles with electrodes. He 
saw the human face as a map, with each muscle 
representing a “movement of the soul,” and 
classified 53 emotions in terms of muscular 
action. He classified two distinct types of smiles, 
a Duchenne smile and a non-Duchenne smile 
(Fig. 13.2) [27].
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Fig. 13.1 Cohen’s d for the difference in intelligence rat-
ings of smiling and non-smiling individuals across cul-
tures. Vertical doted lines separate cultures in which 
smiling individuals are rated as significantly more intelli-

gent (on the right) or significantly less intelligent (on the 
left) [20]—permission via Open Access under the terms 
of the Creative Commons Attribution 4.0 International 
License (http://creativecommons.org/licenses/by/4.0/)
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A Duchenne smile involves contraction of the 
zygomatic major muscle and the orbicularis oculi 
muscle, as Duchenne depicted in his book 
Mécanisme de la physionomie humaine [26]. 
Duchenne wrote that only the “sweet emotions of 
the soul” force the orbicularis oculi to contract in 
a smile, and its inertia in smiling unmasks a false 
friend. Research suggests that a smile with mus-
cle contraction around the eyes and highly raised 
cheeks is uniquely associated with positive emo-
tion [28]. A Duchenne smile has been described 
as “smizing” [29] and “smiling with the eyes” 
[30]. It significantly enhances the perception of 
advertisements and improves their evaluation 
[31]. A few people can deliberately initiate a 
Duchenne smile [32]; those with the ability to do 
so on command are more persuasive in interper-
sonal interactions [33] and likelier to evoke a 
positive mood from viewers and trigger affirma-
tive emotional response. However, an exagger-
ated Duchenne smile has been reported to be 
associated with lying [34].

A non-Duchenne smile involves only the 
zygomatic major muscle without any eye con-
traction [27]. This mouth-only smile has been 
called the Pan Am smile, named after the former 
Pan American World Airways, whose flight 
attendants showed politeness to passengers 
with a perfunctory smile (Fig.  13.3). Another 
form of non-Duchenne smile is the Botox smile, 
described with the introduction of botulinum 

toxin treatment in 2002 to paralyze muscles 
around the eyes and forehead [35]. Genuine 
smiles may indeed reflect a “sweet soul” and 
intensity of a true grin can predict marital hap-
piness [36], personal well- being, and even lon-
gevity [8, 37, 38]. Non- Duchenne smile does 
not reflect enjoyment, but rather a wide range 
of emotions, including embarrassment, deceit, 
and grief. Humanity’s simplest expressions are 
beautifully complex. Frequency and character 
of smile are influenced by age, gender, culture, 
and social settings.

In 1974, Leonard Rubin described three basic 
types of smile: about 59% were the Mona Lisa 
smile, where the mouth corners went up and out-
ward, slightly baring the upper teeth, with the 
dominant muscle action from the zygomaticus 
major; about 29% were the canine smile, where 
the canine teeth were exposed, with the domi-
nant muscle action from the levator labii superi-
oris; about 2% were the full dentured smile, 
where the smile showed both upper and lower 
rows of teeth, with all muscles equally dominant 
(Fig. 13.4) [25].

The classification of smiles described above is 
limited to specific cultures [32]. It has been sug-
gested that smile may be recognized specifically 
as a universal display of authenticity in Western 
culture, whereas judgments of its authenticity go 
beyond the sender’s face to include elements 
from the perceiver’s mind [39].

Fig. 13.2 Darwin reported 
that everyone recognizes 
the left photo (Duchenne’s 
Plates 32) as happiness, 
but the right photo (Plate 
31), in which there is only 
zygomaticus major muscle 
activity without orbicularis 
oculi muscle, is said not to 
be a smile of enjoyment—
permission from @
Wikicommons cropped 
from Fig. 13.4, p. 277, 
from Mécanisme de la 
Physionomie Humaine 
[26]
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Fig. 13.4 (Left) “Mona Lisa” smile shows dominant 
activity of zygomatic major muscle; (center) “canine” 
smile shows dominant levator labii superior muscle con-
traction; and (right) “full denture” smile shows both mus-

cles equally dominant [25]—permission granted by 
Wolters Kluwer Health, Inc., Copyright Clearance Center 
License Number 4880960453860

Fig. 13.3 Pan Am flight attendant in 1958. Courtesy of The Pan Am Historical Foundation (www.panam.org), permis-
sion granted by Dough Miller
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In 2010, Niedenthal et  al. described three 
types of smiles according to their purpose: enjoy-
ment, affiliative, and dominance smiles [40]. An 
enjoyment smile can be seen when humans and 
some primates smile spontaneously during plea-
sure or success [41]. Affiliative smiles are essen-
tial for creating and maintaining social bonds by 
signaling positive social intentions. Dominance 
smiles have different physical attributes than 
those of affiliative and enjoyment smiles: they 
reflect social status or control and may include 
conspiratorial, critical, and proud smiles [40].

13.1.5  The Dimple and the Smile

Facial dimples are visible indentations of the 
 epidermis, caused by dermocutaneous insertion 
of underlying muscle at smile. They supposedly 
enhance beauty and expression and are much 
appreciated. Dimples may accentuate the smile, 
which might in turn increase viewers’ percep-
tion of attractiveness, sociability, and facial 
beauty. Moreover they may enhance a smile 
with more memorable and distinct impressions, 
and associate it with more cheerfulness. They 
can be seen on different parts of the body, such 
as abdomen, back, extremities, and shoulder. A 
deep dimple on the cheek is usually perceived to 
be more attractive than a shallow one, but a shal-
low dimple on the chin can be perceived to be 
“adorable.” Dimples make a smile more promi-
nent and increase the perception of expressions 
and facial beauty [42]. In many cultures dimples 
feature prosperous lives. Their presence on the 
cheek is considered a symbol of good luck in 
Chinese culture and as a sign of beauty in 
Arabian culture [43]. Some Chinese women 
believe that a dimple can bring good fortune to 
their family. They also believe that a dimple is 
an important part of a beautiful smiling face. 
Hence, there is a high demand for dimples sur-
geries [43].

Dimples are genetically autosomal dominant 
inherited and occur in both sexes, with no pre-
dominance [44–46]. Cheek dimples are believed 
to occur on chromosome 16, whereas cleft chin 
dimples occur on chromosome 5 [45]. Single 

dimple, which occurs on one side of the face 
only, is rare.  Anatomically, formation of dimples 
may be explained by variations of double or bifid 
zygomaticus major muscles [47]. Bifid variation 
of the muscle originates as a single structure from 
the zygomatic bone and divides with a superior 
bundle to insert in the typical position above the 
corner of the mouth and the inferior bundle 
inserts below the corner of the mouth. In contrast, 
chin dimples result from an underlying bone 
defect [48].

13.2  Preoperative Evaluation 
of the Smile

13.2.1  Mouth Corner Vector for Smile 
Reanimation

The human smile is an active complex coordi-
nated mimetic function, predominantly with a 
supero-lateral pull of the mouth corners and 
elevation of the upper lip, through four main 
mimetic muscles: zygomaticus major, levator 
labii superioris, levator labii superioris alae-
que nasi muscles, and zygomaticus minor 
(Fig.  13.5). Knowledge of the mimetic mus-
cles and anatomic variability is key to under-
standing facial movement, the smile, and 
consequently the management of long-stand-
ing facial nerve palsy [49].

In the following chapters of this section, sev-
eral authors describe the use of both free muscle 
and local muscle transfers for smile restoration in 
long-standing facial paralysis. Many technical 
and strategic aspects need to be taken into con-
sideration in this surgery, but a factor in achiev-
ing the most natural reconstruction is the adequate 
insetting and location of the muscle transplant 
that resembles the line of dynamic of mimetic 
muscles, particularly the zygomatic major mus-
cle. Zabojova et al. studied the angular relations 
between these mimetic muscles and their ana-
tomical variations to allow for better understand-
ing of the reconstruction needs using muscle 
transplants for smile reanimation [49]. This ana-
tomic study demonstrated a vertical orientation 
of the free muscle to reconstruct the zygomaticus 
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major muscle angle orientation at least at 55.5° to 
achieve the best result (Figs. 13.5 and 13.6).

13.2.2  Donor Nerves and Muscles 
in Smile Reanimation

The gold standard of smile restoration in long- 
standing facial paralysis is the use of muscle 
transfers to allow for the dynamic rehabilitation 
of the smile. There are several considerations 
when performing muscle transfer for smile reani-
mation, including the selection of the muscle flap, 
the selection of the neurotizer, muscle  insetting, 
and the selection of the surgical strategy (one ver-
sus two- or three-stage procedures) (Table 13.1).

Free functional muscle transfer has become a 
common treatment modality for facial reanima-
tion. It can be performed as a one-, two- or three- 
stage procedure, usually depending of several 
factors, such as surgeon preference, age, etiol-
ogy, facial morphology, and patient preference 
[50, 51]. The two- and three-stage operation 

using a cross-face nerve graft from the contralat-
eral facial nerve may provide a synchronized, 
coordinated, and spontaneous emotional expres-
sion; however, it has drawbacks, including two 
surgeries and a long regeneration time. A one-
stage procedure using a long nerve pedicle 
coapted to the contralateral face has also been 
proposed by several authors, using mostly the 
latissimus dorsi, allowing for a quicker recovery 
period and overcoming the potential sequelae 
involved with nerve harvesting and nerve bridg-
ing. There is an increasing trend to use one-stage 
procedures with a nonfacial nerve as neurotizers, 
mostly the masseter nerve. Natghian et al. have 
published a comparative study and metanalysis 
between both one-stage and two-stage proce-
dures in the literature [51], showing that one-
stage procedures using nonfacial nerve 
neurotizers produce better excursion and sym-
metry than two-stage procedures, but these com-
parisons do not include one important variable: 
the spontaneity of the smile. To overcome this, 
dual innervation procedures combining the 

Fig. 13.5 Anatomical photo representing the main mimetic muscles for smiling on the left (LLSAN, LLS, ZM) and its 
vector of pull in relation to the oral commissure on the left [49]. Used with permission from Wolters Kluwer Health, 
Inc.: Zabojova, J. Thrikutam, N. Tolley, P. Perez, J. Rozen, S. M. & Rodriguez-Lorenzo, A. (2018). Relational Anatomy 
of the Mimetic Muscles and Its Implications on Free Functional Muscle Inset in Facial Reanimation. Annals of Plastic 
Surgery, 81(2), 203–207. https://doi.org/10.1097/SAP.0000000000001507
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power of the masseter nerve and the muscle 
transfer with the cross-facial nerve grafts for 
achieving spontaneity have recently been devel-
oped. This book reflects the complexity and vari-
ety of treatment options in facial reanimation, as 
described in the following chapters. Each tech-
nique and approach has advantages and disad-
vantages and needs to be individualized to the 
patient and based on surgeon experience.

13.3  Intraoperative Evaluation 
of the Smile

Before starting an operation, go through the 
operation procedure and steps with the opera-
tion team (scrub nurse, anesthesiologist, and 

so forth), especially in cases of cross-face 
nerve transplantation or facial nerve transfer. 
Information of nonrelaxation must be passed 
on to the  anesthesiologist to be able to stimu-
late the facial nerve and to select the best 
nerve needed. If relaxation was given at intu-
bation, the pharmacokinetics should be kept in 
mind, as relaxation no longer has any effect on 
the nerve. Keep the anesthesiologist aware 
that no relaxation should be given for the rest 
of the operation in order for the surgeon to 
stimulate the facial nerve.

The preoperative resting position and smile 
photographs with and without showing teeth 
should be printed out. The smile vector of the 
mouth corner and the movement of the lips 
should be marked on the photographs to match 

Fig. 13.6 Photograph 
of the left facial mimic 
muscles harvested en 
bloc in relation to a 
gracilis muscle flap to 
demonstrate the different 
vectors of pull. (ZM 
zygomaticus major, Zm 
zygomaticus minor, LLS 
levator labii superioris, 
and LLSAN levator labii 
superioris alaeque nasi) 
[49]. Used with 
permission from Wolters 
Kluwer Health, Inc.: 
Zabojova, J. Thrikutam, 
N. Tolley, P. Perez, J. 
Rozen, S. M. & 
Rodriguez-Lorenzo, A. 
(2018). Relational 
Anatomy of the Mimetic 
Muscles and Its 
Implications on Free 
Functional Muscle Inset 
in Facial Reanimation. 
Annals of Plastic 
Surgery, 81(2), 203–207. 
https://doi.org/10.1097/
SAP.0000000000001507
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the best intraoperative stimulation and achieve 
the most similar smile reconstruction to the 
healthy side.

Intraoperative stimulation is an important 
means of finding the most suitable donor facial 
nerve on the healthy side for a cross-face nerve 
transplantation. This donor nerve should perform 
the designated movement of the smile on the par-
alyzed side.

Static symmetry will be the first goal to 
achieve during the facial reanimation, so as to 
support the dynamic reconstruction a static 
symmetry is a good starting point to build on the 
dynamic reconstruction. Especially in elder 
patients, a combination of static and dynamic in 
the same operation is recommended to achieve 
the best result [52]. Overcorrection of the para-

lyzed side must be considered so as to compen-
sate the pull of gravity postoperatively. Gravity 
will change the position of the corrected eye-
brow, eyelids, lips, and mouth corner by at least 
1 cm [53–55].

Facial monitoring is a good choice to be used 
in case of partial facial palsy, where cross-face 
nerve transplantation is performed. Facial moni-
toring helps the surgeon locate the facial nerve on 
the incomplete paralyzed or on the healthy side 
(Fig. 13.7).

13.4  Postoperative Care 
of the Smile

Postoperative care is as important as the opera-
tion and preoperative evaluation. In the case of 
a nerve or muscle operation, immobilization of 
the facial movement is essential to initiate 
good healing, the dislocation of nerve coapta-
tion and anchoring points of the muscles in the 
face.

Table 13.1 Types and general considerations in smile 
restoration in long-standing facial paralysis when using 
free functional muscle transfer (FFMT)  and regional 
muscle transfer (RMT) 

Free functional muscle transfer (FFMT)
(a) Selection of 
donor muscle

Pectoralis minor
Latissimus dorsi
Serratus anterior
Extensor digitorum brevis
Rectus abdominis
Gracilis

(b) Selection of 
donor nerve

Contralateral facial nerve
Ipsilateral facial nerve (in partial 
facial palsy)
Masseter nerve
Spinal accessory nerve
Hypoglossal nerve

(c) Surgical 
approach

One-stage procedure with  
FFMT to nonfacial nerve 
neurotizer
One-stage procedure with FFMT 
to contralateral facial nerve 
(muscle with a long nerve) 
two-stage procedure with CFNG 
and FFMT
Dual innervation with CFNG and 
FFMT to masseter nerve

Regional muscle transfers (RMT)
(a) Selection of 
donor muscle

Temporalis muscle
Masseter muscle

(b) Type or 
transposition

Orthodromic: Lengthening 
myoplasty or elongation with 
fascial graft
Antidromic/reverse

Fig. 13.7 Intraoperative setting of facial nerve neuro-
monitoring AVALANCHE® SI (Seda S.p.A., Trezzano s/
Naviglio, Milan, Italy)
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13.4.1  Immediate Postoperative Care

The following food plan is recommended: 
3  days of fluid food, followed by 3  days of 
mushy food and 3  days of soft food. Normal 
food intake is possible on the tenth day 
postoperatively.

A bandage around the head (Fig. 13.8)  with 
gauze, cotton, and Peha-haft® (Paul Hartmann 
GmbH, Vienna, Austria) is important on the one 
hand to help the patient talk and chew less, and 
on the other hand to keep the transplanted muscle 
warm to avoid spasm of the pedicle.

Patients should be instructed to maintain their 
oral hygiene by gurgling and flushing the mouth 
with Chlorhexamed FORTE alkoholfrei 0.2% 
(GlaxoSmithKline Consumer Healthcare GmbH 
& Co. KG, Munich, Germany) at least three 
times a day after the meal and if possible in 
between meals.

Moreover, patients should be advised not to 
open the mouth and smile well into the immedi-
ate postoperative period and during the first 
3  weeks. Postoperative swelling will appear 
immediately and will usually subside after 
4–8  weeks. The natural static symmetry will 
appear within 6–10 months.

13.4.2  Long-Term Postoperative Care

Electrostimulation should be initiated 6  weeks 
postoperatively, once daily, between 5 and 10 min 
[56]. The rationale of the 6 weeks waiting time is 
due to wound tensile strength and muscle- 
anchoring points. Tensile strength increases lin-
early slowly for about 2 weeks and then rapidly 
for 4  weeks. Six  weeks postoperatively, the 
wound has gained about 50% of its ultimate 
strength and is stable to tolerate moderate forces. 
In elder patients gains in tensile strength are 
slower [57] and must be considered before reha-
bilitation. A standardized evaluation method for 
assessing the best postoperative physical therapy 
after neurotized free muscle transplantation to 
reanimate the paralyzed face uses the following 
five stages [58]:

Stage I: no movement: electrostimulation, induc-
tion exercise, smile exercise.

Stage II: dependent movement: smile exercise.
Stage III: independent movement: spontaneous 

smile exercise.
Stage IV: spontaneous movement with and with-

out involuntary movement: spontaneous smile 
exercise.

According to these stages, postoperative phys-
ical therapy will be applied as follows.

At stage I, all patients will be advised to enter 
a rehabilitation program for electrostimulation, 
smile exercise, and induction exercise of all neu-
rotized free muscle transplantation. Induction 
exercise is like an internal nerve stimulation and 
is used to stimulate nerve growth into the muscle 
and to induce the reinnervated muscle to con-
tract: after XI nerve transfer, shoulder raising or 
shoulder bending back against resistance; after 
phrenic or intercostal nerve transfer, running, 
walking, or climbing hills; after contralateral C7 
spinal nerve transfer, donor limb shoulder- 
grasping exercises with resistance; after masse-
teric nerve transfer, biting and clenching with 
the teeth. The patient should be ordered to smile 
and then, for example, elevate or abduct the 
shoulder (trigger movement) at the same side as 
the paralyzed face until movement of FFMT is 
observed when triggered. These exercises are 
motor reeducation, which can progressively 
induce cortical adaptation. The realization of the 
importance of these exercises is crucial; good 
results are commonly achieved by psychologi-
cally strong and ambitious patients who cooper-
ate well in their rehabilitation programs, whereas 
poor results are often obtained by lazy or unco-
operative patients. When trigger movement can 
initiate a smile, the next stage of exercise will be 
initiated.

Stage II: dependent movement becomes more 
and more dominant during the next 3–6 months 
postoperatively. Once the triggered FFMT move-
ment becomes dominant, the patient is advised to 
decrease the trigger movement progressively 
until it becomes independent—a smile without 
using the trigger movement.

13 Principles of Smile Reanimation
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Fig. 13.8 Head bandage, ears can be cut out and spare if there is no wound on that side; for female patients with long 
hair a high pony tail or dutt/bun would be easy to the postoperative care

C.-H. J. Tzou and A. Rodríguez-Lorenzo
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Stage III: independent movement usually 
occurs at 6  months postoperatively. After this 
period, mirror smile training is started to achieve 
a spontaneous smile with less or without invol-
untary movement (stage IV/V). Moreover, the 
patient should be advised to learn how to control 
the different degrees of FFMT for small, moder-
ate, and big smiles, also to learn how to adjust 
the normal side of the face to smile with the 
FFMT on the paralyzed side to achieve a sym-
metrical smile. This is called mirror therapy 
rehabilitation.

For more information, please refer to the 
chapter “Pre- and Post-Op Rehabilitation in 
Facial Palsy Patients” by Othmar Schuhfried.
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One-Stage Facial Reanimation 
Using Masseter Nerve Free Flap

D. Braig and Steffen U. Eisenhardt

Key Points
• The masseteric nerve is a branch of the mandibu-

lar nerve (V3) and is therefore not compromised 
in its function in isolated facial palsy. The tech-
nique evolved from the treatment of congenital 
bilateral facial palsy, e.g., Moebius Syndrome, to 
an increasingly popular alternative to CFNG in 
patients with a broad smile or who decline a 
dual-stage reanimation. It enables reliable sin-
gle-stage facial reanimation in conjunction with 
a free muscle flap without interposition nerve 
grafting. Preoperative electromyography can 
identify patients who are likely to develop a 
spontaneous smile. The masseteric nerve is 
located 3 cm anterior to the tragus and 1 cm infe-
rior to the zygomatic arch. It is transferred in a 
more superficial plane for direct coaptation to 
the motor branch of the free flap and leaves a 
minimal donor site morbidity. Visible muscle 
contractions are observed after 3–4 months.

14.1  Anatomy

The masseteric nerve is a terminal branch of 
the mandibular nerve (V3) and is therefore not 

compromised in its function in isolated facial 
palsy. It can contain over 2500 motor axons 
for coaptation and thus provides nearly 75% of 
axons compared to the facial nerve at the sty-
lomastoid foramen. It traverses over the lateral 
pterygoid muscle, behind the tendon of the 
temporal muscle and through the mandibular 
notch before entering the masseteric muscle 
on its deep surface. After entering the muscle 
belly, the nerve travels diagonally towards the 
oral commissure at a 50° angle to the zygo-
matic arch. It releases a consistent branch 
behind the zygomatic bone before the main 
trunk splits into several terminating branches 
during its further course through the muscle. 
This proximal branch is usually preserved dur-
ing facial reanimation surgery and partial 
denervation of the masseter muscle does not 
seem to lead to a clinically relevant donor def-
icit [1].
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14.2  Diagnostics

Function of the masseter muscle is clinically 
evaluated by palpating the contracted muscle 
while the patient clenches his teeth. We addi-
tionally recommend an electromyography to 
quantitatively measure the muscle’s activity 
and assess activation of the masseter muscle 
during normal smile production. This occurs 
in nearly 50% of individuals and may help to 
predict spontaneous smile development in 
subjects who are candidates for free muscle 
reanimation procedures with the masseteric 
nerve [2].

A needle electrode is placed bilaterally in 
the relaxed masseter muscle to evaluate the 
insertional activity and resting activity in the 
muscle, followed by teeth clenching to record 
the maximal voluntary contraction. The patient 
is then asked to smile to assess co-activation 
of the masseter muscle during smile produc-
tion. Although needle electrodes are com-
monly used for electromyography, up-to-date 
surface electrodes perform sufficiently well to 
evaluate masseter function non-invasively 
(Fig. 14.1).

14.3  Indications

In long-standing facial paralysis with atrophy of 
the mimic musculature sole re-innervation does 
not lead to recovery of muscle function. It is thus 
necessary to transfer a free muscle flap in con-
junction with a functional nerve. The masseteric 
nerve can be used in a one-step procedure to 
reanimate a face without an interposition nerve 
graft by direct coaptation to the motor nerve of 
the muscle transplant. This technique has been 
established in children with Moebius Syndrome, 
where it is not possible to use a CFNG due to 
bilateral facial palsy [3]. In patients with unilat-
eral facial paralysis, the masseteric nerve can 
either be used alone, or in combination with a 
CFNG [4]. The differences and advantages of 
each donor nerve are summarized in Table 14.1. 
The main advantages of the masseteric nerve 
over a CFNG are a shorter re-innervation time of 
only 3–4 months, an increased number of motor 
axons, the lack of an additional donor site from 
harvesting a nerve transplant and the entire pres-
ervation of the contralateral facial nerve [5]. The 
masseteric nerve leads to increased symmetry 
while smiling due to the higher axon count [6]. 
This leads to the formation of a greater number of 
neuromuscular junctions in the muscle trans-
plant, which in turn increases the contraction 
amplitude of the muscle. In contrast to a CFNG, 
it is even possible to obtain a symmetrical broad 
smile that requires extensive excursion of the oral 
commissures. In addition, the contraction ampli-
tude of the muscle flap can be adjusted to the con-
tralateral side by secondary thinning. In CFNG 
innervated muscle flaps, the possibility to adjust 
the contraction amplitude of a muscle flap by 
thinning is largely limited because of the reduced 
axon count [7].

Many authors favour the masseteric nerve 
over a CFNG in elderly patients, as results with a 
CFNG alone are frequently inferior to the results 
seen in the paediatric population. A major draw-
back is however the lack of spontaneity in 
approximately one-third of patients. Nowadays 

(Example; Reference: Klebuc PRS 
2011: Facial Reanimation Using the 
Masseter-to-Facial Nerve Transfer)
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these patients can be identified preoperative by 
selective electromyography and counselled 
accordingly. Whether dual innervation with an 
additional CFNG can add spontaneity to the pow-
erful masseteric nerve is still open to debate [8].

Another advantage of the masseteric nerve is 
the single-stage nature of the operation. 
Whereas CFNG innervation of a muscle flap 
requires two separate operations with an inter-
val of several months, coaptation of the masse-
teric nerve to a muscle flap is performed in a 
single operation. This is often the reason why 
elderly patients tend to favour the masseteric 
nerve over a CFNG [9].

Activation of the masseter muscle upon smil-
ing in preoperative selective electromyography is 
a dependable predictor of spontaneous smile 
development. In these patients, the masseteric 
nerve should be preferred to innervate a free mus-
cle flap due to its numerous advantages over a 
CFNG.

no co-activation
co-activation

teeth clenching smiling

Fig. 14.1 Electromyography is performed to quantita-
tively measure the muscle’s activity and assess activation 
of the masseter muscle during normal smile production. 
Surface electrodes are placed over the masseter muscle to 
record the resting activity of the muscle, followed by teeth 
clenching to record the maximal voluntary contraction. 

The patient is then asked to smile to assess co-activation 
of the masseter muscle during smile production. The 
depicted photo shows the set-up used for surface electro-
myography. Selected electromyograms show muscle 
activity in a patient with and without co-activation of the 
masseter muscle upon voluntary smile production

Table 14.1 Comparison of CFNG and masseteric nerve 
as donor nerves for facial reanimation surgery

Masseteric nerve CFNG
Stages Single-stage Dual-stage
Muscle 
contractions

3–4 months 9–12 months

Symmetry of smile Frequent Rarely
Donor site 
morbidity

Minor Obvious

Spontaneity Approximately 
2/3

Always

14 One-Stage Facial Reanimation Using Masseter Nerve Free Flap
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14.4  Technique

We perform a preauricular access extending 
from the helical root caudally to the mandibular 
angle. The incision is placed into existing pretra-
gal wrinkles and commonly results in an incon-
spicuous scar. The soft tissue is mobilized until 
the anterior margin of the parotid gland is 
encountered. The preparation plane is performed 
under the SMAS in complete facial palsy to min-
imize adherences between the muscle flap and 
the skin. These might lead to unsightly retrac-
tions of the overlying skin upon smiling. In 
incomplete paralysis, the muscle is placed more 
superficially to avoid injury to functional facial 
nerve branches.

The masseteric nerve shows a very consistent 
course within the masseter muscle and can be 
reliably encountered 3 cm anterior of the tragus 
and 1 cm inferior of the zygomatic arch (Fig. 14.2) 
[1]. Intraoperative selective nerve stimulation can 
help to identify and preserve intact facial nerve 
branches in incomplete facial palsy. The fascia of 
the masseter muscle is incised and the muscle 
fibres divided along their course to identify the 
masseteric nerve deep within the muscle belly. 
Identification and dissection of the nerve is per-
formed under repetitive nerve stimulation, which 
leads to strong muscular contractions upon direct 

stimulation of the nerve branches. The nerve is 
carefully dissected proximally and distally from 
the surrounding muscle tissue. Accompanying 
blood vessels require meticulous haemostasis 
with bipolar diathermy to avoid injury to the mas-
seteric nerve. Generally about 2–3 cm of nerve 
length distally to the zygomatic arch can be 
obtained before the nerve splits into its terminal 
branches (Fig. 14.2). To avoid complete denerva-
tion of the muscle, the proximal branches beneath 
the zygomatic arch are preserved. Contrary to 
older approaches, this technique preserves most 
of the masseter function, as the muscle is not 
released from its origin and the proximal nerve 
branches are preserved [5, 10].

The nerve is divided shortly before it divides 
into its terminal branches and transposed in a 
more superficial plane to facilitate coaptation to 
the motor nerve of the muscle flap. The muscle 
flap is then inserted with its pedicle on the deep 
side and anchored slightly distally to the nasola-
bial fold. The proximal end of the flap is turned 
over to gain access to the neurovascular pedicle. 
Now the masseteric nerve is coaptated epineu-
rally with 9-0 nylon to the motor nerve of the 
muscle flap. The nerve anastomosis is addition-
ally stabilized with fibrin glue and covered by 
closure of the overlying SMAS with 4-0 
Monocryl. In cases where a dual innervation with 

a b

Fig. 14.2 (a) The masseteric nerve can be reliably identi-
fied 3 cm anterior to the tragus and 1 cm inferior to the 
zygomatic arch. Forceps show the inferior boarder of the 
zygomatic arch. The SMAS is incised at right angles and 
the masseter muscle divided along its muscle fibres to 
expose the masseteric nerve deep within the muscle belly 
(white dashed line). (b) The masseteric nerve is carefully 

dissected within the muscle under repetitive nerve stimu-
lation, which generally yields about 2–3  cm of nerve 
length available for transposition before it divides into its 
terminal branches. The photograph shows the nerve 
within the muscle before it is divided at its distal end (red 
loop)
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a CFNG is performed, the CFNG is additionally 
sutured to the motor nerve of the muscle flap. 
Subsequently anastomosis of the artery and vein 
are performed and the muscle is sutured onto the 
fascia of the temporal muscle under slight ten-
sion. First muscle contractions are usually 
encountered after 3–4  months and full re- 
innervation after 6 months. After this period eval-
uation of the muscle contraction amplitude and 
planning of additional thinning procedures can 
be planned (Fig. 14.3).

14.5  Summary

The masseteric nerve is an increasingly popular 
alternative to CFNG for facial reanimation sur-
gery with free flaps. In comparison to a CFNG, it 
requires only a single-stage procedure and leads 
to enhanced muscle contractions and symmetry 
of smile due to its high axon count. On the down-
side only two-thirds of patients acquire a sponta-
neous smile. Its function can be evaluated 
clinically, and additional electromyography may 
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Fig. 14.3 The photos show a 53-year-old woman with 
complete facial paralysis of the left face. A free gracilis 
muscle flap was coaptated to the masseteric nerve of the 

affected side. Photographs were taken preoperative and 
10 months post-operative
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aid in selecting patients who are likely to produce 
a spontaneous smile.

Intraoperatively the nerve can reliably be visu-
alized 3 cm anterior to the tragus and 1 cm inferior 
to the zygomatic arch by selective, repetitive nerve 
stimulation. Transposing the nerve in a more 
superficial plane facilitates coaptation to the motor 
nerve of the free flap. Muscle contractions become 
evident already 3–4 months after surgery.
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Spinal Accessory  
Nerve- Innervated Gracilis 
(XI-Gracilis) for Facial Reanimation: 
Chang Gung Experience

David Chwei-Chin Chuang

15.1  Inroduction

The spinal accessory nerve(XI) has been a com-
mon choice of motor neurotizer in brachial plexus 
reconstruction. It was utilized either for nerve-to- 
nerve transfer(such as XI-to-suprascapular nerve 
for shoulder function) [1, 2], or for nerve-to- 
motor nerve of a free muscle (functioning free 
muscle transplantation, FFMT) for elbow [3] or 
finger function [4]. In the FFMT, the XI can be 
usually dissected more than 10 cm in length from 
neck to trunk back, transected and transferred to 
the infra-clavicular region for nerve coaptation. 
However, XI-innervated gracilis (XI-gracilis) for 
facial paralysis reconstruction has never been 
considered a popular choice. Terzis et  al. [5] 
applied the XI nerve elongation with a nerve 
grafts to innervate a FFMT to treat Möbius syn-
drome. Chuang et  al. [6] first applied the both 
sides of XI to directly innervate two gracilis mus-
cles for bilateral Möbius syndrome patient in 
2000. After a series of six bilateral Möbius syn-
drome patients reconstruction with very promis-

ing results [7], the authors started to use 
XI-gracilis to treat unilateral facial paralysis in 
2007 (Fig. 15.1).

There are two major dysfunctions of the 
facial nerve injury: truly facial paralysis (incom-
plete or complete) [8] and postparalysis facial 
synkinesis [9]. Both can cause severe functional 
and aesthetic deficits, a serious affliction and 
devastating deformity to the victim. Truly facial 
palsy more than 1 year is called chronic facial 
paralysis. For chronic facial paralysis, although 
debate between local and free muscle transfer 
for facial reanimation persists [10], FFMT is 
still the main stream of surgical procedure for 
these deficits treatment [11–16]. For postparaly-
sis facial synkinesis, treatment is also debated 
[9, 17]. Postparalysis facial synkinesis can occur 
after any cause of facial paralysis with many 
presentations. The synkinesis can occur not 
only always during facial expression, but also at 
rest because long- term unsolved synkinesis will 
result in permanent contracture, such as small 
eye, deep nasolabial fold, lower lip retraction, 
and platysma neck bands. Those symptoms and 
signs make patients distress with severe emo-
tional sequelae. Past treatments with botulinum 
toxin, rehabilitation, or simple selective myec-
tomy or neurectomy are inadequate. Currently 
surgical treatment proposed by the author [9] 
for the postparalysis facial synkinesis has been 
continuously performed. For mild type (Type I, 
good smile quality and mild synkinesis), conser-
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vative treatment with rehabilitation, botulinum 
toxin injection, or selective myectomy are the 
treatment of choice. For the Type II, acceptable 
smile but severe synkinesis, and Type III, unac-
ceptable smile but severe synkinesis, extensive 
myectomy and neurectomy of the synkinetic 
muscles and nerves, followed by FFMT in one- 
or two-stage procedures are our strategic treat-
ment. The long-term results following such 
aggressive surgery are promising and permanent 
without requirement of any further botox injec-
tion or rehabilitation.

There are at least ten muscles utilized as 
FFMT for facial reanimation in the literature [18, 
19]. However, gracilis muscle remains the pre-
ferred muscle by most reconstructive surgeons. 
Limited nerves were utilized for motor neurotizer 
in the literature, including contralateral facial 
nerve as a one [16] or two-stage procedure [11–
15], or hypoglossal nerve [20], spinal accessory 
nerve [5, 6], masseteric nerve [21, 22], and others 
(such as phrenic [23], brachial plexus C7 [24]).
Three methods of CFNG-, XI- and V3-gracilis 
have been the most popular in our medical center. 
This paper will focus on XI-gracilis.

15.2  Materials and Methods

Between 1985 and 2017, 392 patients received 
403 gracilis FFMT for chronic facial paralysis 
and postparalysis facial synkinesis reconstruc-
tion at Chang Gung Memorial Hospital per-

formed by the senior surgeon (DCC Chuang). 
Three hundred and twenty-one patients (82%)
were chronic facial paralysis, and 71 (18%) were 
postparalysis facial synkinesis. Eight patients 
with bilateral Möbius syndrome received both 
gracilis muscles FFMT, 6 by XI- and 2 by 
V3-gracilis. Four patients with failed primary 
CFNG-gracilis and three received second gracilis 
for redo reconstruction 1 year after initial 
debridement: two by XI- and one by V3-gracilis. 
They were all included. Patients with FFMT 
innervated by ipsilateral facial nerve branches (8 
patients), innervated by contralateral facial nerve 
branches as a one-stage procedure (4 patients), 
and history with incomplete or loss of follow-up 
(10 patients) were excluded. The etiology of the 
palsies was most commonly due to postoperative 
complications (47.4%), one third (29%) virus 
infection, and one fifth from trauma and congeni-
tal (Table 15.1).

299 FFMTs in 299 patients (299/403, 74%) 
were innervated by CFNG, 68 FFMTs in 60 
patients by XI (18%), and 33 FFMT in 30 patients 
by V3 (33/403, 8%). Ninety-eight percent of 
FFMTs were gracilis. Mean of duration of palsy 
prior to FFMT was 16.8 years (range, 0.5–52) in 
CFNG-, 10.0  years (range, 0.5–52) in XI-, and 
9.9  years (range, 1–27) in V3-gracilis group 
patients (Table 15.1). For thesis of XI-gracilis: 60 
patients with 68 FFMT were enrolled.

In Chang Gung Memorial Hospital, We first 
started using the two-stage CFNG-gracilis for 
facial reanimation in 1985, adopted the one-stage 
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V3-gracilis in 1995, and then the one-stage 
XI-gracilis in 2000. The reasons of such change 
from CFNG- and V3- to the XI-gracilis between 
2000 and 2010 (Fig. 15.1) were XI- had benefits 
of CFNG-gracilis with characteristics of poten-
tially to achieve spontaneous and synchronous 
smile, and also benefits of V3-gracilis with char-
acteristics of one-stage surgery and quick result.

15.3  Anatomy Review

15.3.1  Spinal Accessory Nerve (XI)

The Accessory nerve (n. accessorius, 11th cra-
nial nerve) is the only one cranial nerve which 
has its origins from the spine. It is a motor nerve, 
supplying somatic efferent fibers to the neck 
muscles and visceral efferent fibers which joins 
the vagus nerve for swallowing and phonation. 
Because it runs with the big vagus nerve in the 
cranium, it looks like an accessory to the vagus 
nerve. The accessory nerve has two origins: cra-
nial and spinal. The cranial part, originating 
from medulla oblongata, has four or five delicate 
rootlets, running with the vagus nerve to the jug-
ular foramen, becoming the internal branch of 
the accessory nerve. The spinal part, origining 

from cervical C1–C5 motor cells. Passes through 
the foramen magnum of the occipital bone into 
the cranial cavity. It penetrates the dura mater 
and passes through the jugular foramen, becom-
ing the external branch of the accessory nerve. In 
the jugular foramen, Both join together and sep-
arate. The spinal part becomes spinal accessory 
nerve (XI). The XI nerve exits from the jugular 
foramen, in front of the internal jugular vein, and 
passes posterior to the stylohyoidues and digas-
tricus muscle to the upper part of the sternoclei-
domastoideus. It pierces the muscle and locates 
behind. The XI nerve appears from behind the 
sternocleidomastoid, about one finger-width 
above the greater auricular nerve, or above the 
transverse branch of the external jugular vein 
(Fig.  15.2). It courses obliquely downward 
across the posterior triangle of the neck to the 
anterior border of the trapezius. In front of trape-
zius muscle, the XI nerve communicates with 
the second, third, and fourth cervical nerves 
which are sensory branches, coming from the 
anterior to join the XI nerve with a plexiform 
arrangement, and continues descending on the 
deep surface of the trapezius almost to its lower 
border [25, 26]. The XI innervates the sternoclei-
domastoid and trapezius muscles. The XI injury 
is common following neck dissection in head 

Table 15.1 Patient demographics

Period: 1985–2017 XI-gra V3-gra CFNG- gra
Gender M: 28

F: 30
M: 15
F: 15

M: 115
F: 175

Total patients and muscles Total
377 pts
389 FFMT

60 pts
69 FFMT 
(18%)

30 pts
33 FFMT 
(8%)

287 pts
287 FFMT 
(74%)

Age at day of FFMT (years) Mean
Range

37.5
4–68

0.4
4–72

30.9
3–68

Etiology
  Virus infection (Bell’s, herpes zoster)
  Suppurative otitis media 

(cholesteatoma)
  After tumor resection
  Trauma
  Congenital

Total (pts)
108 (28.6%)
25 (6.6%)
154 (40.8%)
51 (13.5%)
39 (10.3%)

16
4
12
9
17

2
1
12
2
12

90
20
130
40
10

Duration of facial paralysis (year) Mean
Range

10.0
0.5–52

9.9
1–27

16.8
0.5–52

Onset of muscle contraction after 
transplantation (month)

Mean
Range

5
3–12

3
2–6

9
6–18
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and neck cancer survivors [27]. That is because 
it is covered only by the (superficial and deep) 
fascia and the skin between the sternocleidomas-
toid and trapezius.

15.4  Technique of XI-Gracilis 
for Facial Reanimation, 
One-Stage Procedure

15.4.1  Preoperative Evaluation

Patients’ history and physical examination of the 
trapezius muscle are completed preoperatively. 
Every patient is required to have an accompany-
ing person(s) to listen to the explanation. Benefits 
and pitfalls of different options and choice of 
neurotizer are explained and illustrated with pho-
tographs and/or videos of previous patients’ 
results. Potential complications and donor site 
morbidity are described. Decisions are made in 

the next visit. Photos and videos are made preop-
eratively for later comparison.

15.4.2  Operative Method

General anesthesia with nasotracheal intubation 
is recommended to minimize the interference of 
the upper lip manipulation. Muscle relaxant drug 
is avoided during the XI nerve dissection. The 
operation is performed by two teams simultane-
ously: one team for recipient site of the paralytic 
face and neck, and the other team for donor site 
(the contralateral thigh) gracilis dissection.

 (a) Key Points for Face Preparation and XI 
Exploration
• A shoulder and head cushion to extend the 

operative neck to give more space in the 
face and neck dissection.

• On the paralyzed face, three incisions are 
routinely performed on the face prepara-
tion (Fig. 15.3a). The first short incision 
along the white line of upper lip between 
philtrum and commissure is made to cre-
ate a space above the oral mucosa. Four 
anchoring sutures with 4-0 Dexon are 
placed behind the orbicularis oris muscle. 
The second short incision on lower lip 
white line is made for preparation for 
lower lip suspension [28]. The third long 
preauricular incision is followed to allow 
for subcutaneous face-lift. Under the face- 
lift flap, a transverse incision down to the 
periosteum along the inferior zygomatic 
arch is made. Four anchoring 3-0 Dexon 
sutures are placed. For complete truly 
facial paralysis, soft tissue between the 
infrazygomatic margin down to the upper 
lip, including the zygomatic major mus-
cle, buccal fat pad and facial nerve 
branches, is removed to create a recipient 
pocket. The Stenson’s duct is identified 
and protected. For incomplete facial 
paralysis, the soft tissue removal is only 
soft tissue above the muscles and nerves 
without injury of the facial nerve branches. 
For postparalysis facial synkinesis, the 

Fig. 15.2 The spinal accessory nerve (red line) appears 
out of the sternocleidomastoid muscle about one finger- 
width above the greater auricular nerve. (1) Lesser occipi-
tal nerve (posterior auricular nerves); (2) XI (spinal 
accessory nerve); (3) Greater auricular nerve; (4) 
Supraclavicular sensory nerve; (5) Transverse cervical 
nerve
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procedure here is similar to the complete 
facial paralysis, but the involved synki-
netic and trigger muscles and nerves are 
removed as much as possible, including 
all zygomatic and buccal muscles and 
nerves, platysma and nasal muscles. After 
the soft tissue removal, four proposed 
lengths of the trapezoid shape of gracilis 
muscle harvest are measured. Through the 
experience revolution, two centimeters on 
the vessel-opposite and three centimeter 
on the vessel side are added (Fig. 15.3b) 
to avoid consequent lip contracture 
deformity.

• The fourth incision on the neck, either 
vertical along the course of the XI, or 
supraclavicular transverse incision (for 
cosmetic reason) is made (Fig.  15.3a). 

Either incision should be across the upper 
margin of the trapezius muscle.

• Expose the upper trapezius muscle. A sen-
sory nerve over the lateral margin of the 
trapezius muscle can be seen and pre-
served to avoid postoperative numbness 
and pain.

• The XI, size similar to the leg sural nerve, 
can be found above and in front of the 
medial third of upper margin of the trape-
zius muscle in the posterior neck triangle. 
It is proved with help of nerve stimulator. 
Proximally, dissection upward to close to 
the sternocleidomastoid muscle to gain 
more length, but any branch goes back to 
the trapezius muscle should be protect to 
preserve upper trapezius muscle function. 
Distally, dissection along the course of XI 

a b

Fig. 15.3 (a) Three incisions for face recipient and one 
incision for neck XI dissection. (b) A potential trapezoid 
shape of gracilis based on the recipient face measurement 
under face-lift flap is drawn. Additional lengths are added: 

vessel side +3 cm, non-vessel side +2 cm to avoid postop-
erative contraction fold. The proximal aponeurosis, with 
1 cm width in continuity with the muscle, is trimmed into 
a long tail
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as distally as possible in front of the trape-
zius. All the nerve dissection and isolation 
should use the bipolar diathermy to avoid 
nerve damage.

• Detaching the trapezius muscle from the 
scapular and clavicle attachments is often 
required to give more space for XI 
dissection.

• The branches coming from the anterior to 
join in the main nerve are sensory 
branches of cervical plexus, which can be 
divided for traction. The branches out of 
the main branch going back to the trape-
zius muscle are motor nerves, which can 
also be divided, only preserve the central 
and long main branch of the XI.

• Measure the main XI length before har-
vest, which should have an enough length 
to reach the mandibular angle. According 
to Placheta et al. study [27], the distance 
between the sternocleidomastoid and the 
upper margin of the trapezius is 5 cm, and 
distance dissection in front of trapezius 
muscle is about 6 cm. Totally the enough 
length which can be transferred to the 
mandibular angle should be over 10 cm.

• The XI is transect, passing through a tun-
nel beneath the platysma muscle, and 
transferred to the mandibular angle to 
wait for inset of the trimmed gracilis 
muscle.

 (b) Key Points for Upper Gracilis Dissection, 
Trimming, Harvest, and Transfer

The gracilis muscle anatomy, nerve innerva-
tion, and blood supply have been extensively 
described before [28]. The contralateral medial 
thigh upper gracilis muscle and its aponeurosis 
dissection, potential trapezoid shape of gracilis 
based on the recipient face measurement is drawn 
(Fig.  15.3b) and trimmed. The distal edge is 
drawn on two finger-breadths distal to the neuro-
vascular pedicle. The transected edges are sutured 
with overlapping interrupted 3-0 nylons. The 
proximal aponeurosis, with 1 cm width in conti-
nuity with the muscle, is trimmed into a long tail. 
Maximal length of the vessel and nerve pedicles 

is obtained prior to division. The procedure has 
been also descried before [6, 9, 15].

Once the recipient face and donor thigh are 
finished in dissection, the trimmed gracilis is then 
harvested and transferred, which is placed under 
the cheek flap in reverse fashion: the proximal 
tendinous aponeurosis is anchored to the upper 
lip anchoring four stitches. The distal muscle cut 
edge is fixed to the anchoring four stitches at 
zygomatic periosteum which are set earlier. The 
tail of the fascia aponeurosis which is in continu-
ity with the gracilis muscle is passing through the 
subcutaneous tunnel to the lower lip incision 
wound, and sutured to the orbicularis oris muscle 
in the lower lip wound under tension. Once the 
muscle is well set, vessel anastomoses (one artery 
and one vein) to the facial vessels are performed. 
Finally the obturator nerve of the gracilis muscle 
is coapted to the transferred XI in the mandibular 
angle area. A suction drain is placed in the neck 
wound for drainage.

15.5  Postoperative Cares 
and Rehabilitation

Patient will be extubated after the operation. Neck 
is immobilized with a pre-made neck splint for 3 
weeks. Patient is transferred to the Microsurgery 
Intensive Care Unit for close monitoring for 
3–5 days. A simple system to check swelling is 
used. Palpation of the nasojugal region to check 
face swelling is performed every hour in the ICU 
observation. There are four degrees of swelling 
which can be compared to the varying firmness of 
the thenar eminence with different finger-to-
thumb opposition, from index to little finger. If the 
surface firmness is like as thumb-index opposi-
tion, it is soft and classified as 1° swelling. If the 
firmness is slightly firmer like as thumb-long fin-
ger opposition, it is 2° swelling. As thumb-ring 
finger opposition, it is 3°; and thumb-little finger, 
4° swelling. 1–2° swelling is acceptable, 3° swell-
ing is warrant for closer observation. 4° swelling 
is critical and requires bedside wound opening to 
assess the hematoma. Patient is usually hospital-
ized for a week.

D. C.-C. Chuang



157

Rehabilitation including massage and muscle 
stimulation, will begin 3 weeks after 
FFMT.  Usually the muscle may start moving 
(M1 strength) in 4–6  months postoperatively. 
Induction exercise [2, 3] will start. Patient is 
instructed to perform shoulder elevation against 
resistance, a trigger movement that “jumpstarts” 
the movement of the transferred muscle. 
However, once the upper lip movement is noted 
and the lateral incisor is visible (M2 muscle 
strength), 6–12  months postoperatively, the 
induction exercise should be reduced and 
stopped. Smiling training in front of mirror (mir-
ror therapy) to adjust and control the muscle 
movement, making symmetric smile to the 
healthy side, is begun with the goal to achieve 
natural smile. Surgical treatment of the residual 
deformity was usually performed a year and half 
postoperatively.

15.6  Outcome Assessment

The optimal results achieved at different time-
points for each methods: in general, CFNG- 
gracilis at the second to third year, XI-gracilis the 
first to second year, and V3-gracilis 6 months to 1 
year. Therefore all patients who received 
XI-gracilis should be followed at least 1 year. 
Patients were photographed and videotaped dur-
ing pre-and postoperative visits in a standardized 
fashion, including facial repose, mild, moderate, 
and maximal smile, as well as “tickle and joke 
test “ to check its spontaneity. Five independent 
reviewers reviewed the collected photos and vid-
eos, and graded the functional and aesthetic 
outcomes.

Smile excursion score [6] is a score system to 
check the muscle strength from 0 to 4, based on 
how many teeth visible when performing maxi-
mal smile. Score 4 is when tour or more teeth are 
seen. A postoperative smile excursion score ≥2 is 
considered acceptable, ≥3 good, and ≥4 excel-
lent result.

Cortical adaptation staging system [6] 
includes five stages of movement:

no-, dependent-, independent-, spontaneous- 
with synkinesis, and spontaneous movement with 

less or absent synkinesis. “Tickle and joke test” is 
routinely performed to test if the patient has 
spontaneous smile. Tickle test is tickling on the 
patient’s axilla purposely, joke test is talking 
joke(s) to induce smile. Stage III is classified as 
independent and acceptable; stage IV and V 
showed its spontaneity and is classified good and 
excellent result.

A patient questionnaire was devised since 
2012  in our center [6] for patient’s satisfaction 
score. The questionnaire is performed via phone 
interview or by mailed written response. There 
are five scores: regrets, unacceptable but does not 
regret surgery, acceptable but needs major 
improvement, satisfied but needs minor improve-
ment, and completely satisfied without revision.

We used Hadlock’s “SMILE” (Smile 
Measurement of Improvement in Lip Excursion) 
scale system to quantitatively measure paralyzed 
lip excursion during smiling in postoperative 
photography [29] (Fig. 15.4a, b). “X” is horizon-
tal excursion, “Y” vertical excursion, and “Z” 
overall excursion. The “Z” value is derived by 
Z x y� �2 2 , the larger the better.

Lastly, we used Terzis’s Aesthetic and 
Functional Grading System [11] for general 
observation: Grade 1 (poor) to Grade 5 (excel-
lent). Grade 4 (good) and 5 (excellent) were 
acceptable results. Grade 1 and 2 (fair) were 
unacceptable. Grade 3 (moderate) showed mus-
cle contraction but not symmetric.

15.7  Statistical Analysis

Statistical analysis was performed using SPSS 
21.0 software (SPSS, Inc., Chicago, Ill). Paired 
t test was used to determine whether the postop-
erative smile was significantly different from 
the preoperative one. Comparison was made 
based on smile excursion score and cortical 
adaptation stage. The Mann–Whitney test was 
used for two independent samples and the 
Kruskal–Wallis test was used for more than two 
independent groups. Data were presented as 
percentages or means with ranges or standard 
deviations (SD). P values <0.05 were consid-
ered statistically significant.
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15.8  Results

15.8.1  Denervation Time

Denervation time was defined between day of 
FFMT and onset of muscle contraction. Average 
denervation time was 5 months (range, 3–12) in 
the XI-group, but 9  months (range, 6–12) in 
CFNG-group, and 3 months (range, 2–6 months) 
in the V3-gracilis group. Denervation times for 
XI- and V3-groups were significantly shorter 
than for the CFNG-group (Table 15.1).

15.8.2  Ischemic Time for Gracilis 
Transfer

Ischemic time for three groups was usually within 
1  h with no difference among three groups, 
because the gracilis harvest is always after the 
donor and recipient sites are well-prepared.

15.8.3  Complications

We had one patient did not show improvement in 
smile excursion for unknown reason. Mini- 
temporalis was turned over to the upper lip to 
enhance the result. One patient with bilateral 
facial palsy due to bilateral Möbius syndrome had 
the first left face gracilis failure in the first opera-

tion. He had undergone an additional operation 1 
year later after the failed muscle removal, using 
the segmental rectus femoris innervated by the 
previous XI nerve and succeeded. In our series, 
the XI nerve transect did not cause significant 
motor or sensory symptoms and signs. If it has, 
shoulder soreness and pain was complained, but it 
is usually spontaneously resolved within 1 month.

15.8.4  Smile Excursion Score

In the first 2  years postoperatively, the XI- or 
V3-groups both showed significantly greater 
scores than the CFNG-group. However, in the 
third year, there was no difference among the 
three groups. All three group patients achieved a 
mean score of 3 with at least three teeth visible 
(Table  15.2, Fig.  15.5a, b). Preoperatively, 
CFNG-group had better dental show due to more 
synkinesis patients with incomplete paralysis.

15.8.5  Cortical Adaptation Stage

In the CFNG-group, nearly all achieved stage IV 
or V spontaneous smile. In the XI-group all 
achieved at least stage III (independent) smile, 
and nearly half patients showed potentially 
upgrade to spontaneous smile over time. In the 
V3-group, most achieved stage III or II smile, but 

Preoperatively Postoperatively

a b

Fig. 15.4 Hadlock’s SMILE Lip Excursion Scale: (a) Patient photo preoperatively. (b) Total lip excursion length 

(Z-length) after FFMT, derived by Z x y� �� �2 2 . The larger the better
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none had its spontaneity in unilateral facial palsy 
patients (Table 15.3).

15.8.6  Patient Questionnaire

To achieve the similar sample sizes of patients, 
we randomly chose 50 CFNG-patients, 30 
XI-patients, and 15 V3-patients for this study. 
They all were reconstructed in the recent 10 years. 
A score  ≥  3 (acceptable and satisfied)was 
reported in 86% of the CFNG-, and 90% in the 
XI-group. Both were significantly higher than the 
V3-group at 67% (Table 15.4).

15.8.7  Hadlock’s SMILE Lip Excursion 
Scale

Similarly we purposely chose the similar sam-
ple sizes from three groups for comparison: 30 

from CFNG-, 30 from XI- and 14 from 
V3-group patients. Regardless no matter in the 
first year or the last follow-up, CFNG-group 
demonstrated significantly better lip excursion 
than the XI- and V3-groups (Table  15.5, 
Fig. 15.6a, b).

15.8.8  Terzis’s Functional 
and Aesthetic Grading System

The CFNG-group demonstrated progressive 
improvement from an average score of 1.367 pre-
operatively, to 3.117 after 1 year, 3.683 at 2 years, 
and finally 4.180 at last follow-up. The XI-group 
also had similar progressive improvement. In 
contrast, the V3-gracilis group demonstrated sig-
nificant improvement at 1  year (from 1.037 to 
3.738), but then decreased to 3.611 at second 
years, and then achieved a very slow improve-
ment to 4.100 upon last follow-up (Table  15.6, 
Fig. 15.7a, b).

Fig. 15.5 : Smile excursion (teeth visible) score

Table 15.3 Specific observation: cortical adaptation 
stage

XI-gra V3-gra CFNG-gra
Cortical 
adaptation 
stage (I–V)

•  Most: ≥ 
stage 3

•  33%, 
stage IV

•  12%, 
stage V

•  Tickle and 
joke test

• Most pass

•  Most: 
Stage I

•  Tickle and 
joke test

•  Failed to 
pass

•  Stage 
IV–V

•  Tickle and 
joke test

: All pass

Table 15.4 Patient Questionnaire (0–5)

XI-gracilis V3-gracilis CFNG- gracilis
Final results 
(N = number 
of pts who 
were 
randomized 
chosen and 
answered)

• N = 30
•  Mean 

score: 3.40
• Score 5: 3
• Score 4: 9
• Score 3: 15
• Score 2: 3
Score ≥ 3: 
90%

• N = 15
•  Mean 

score: 3.2
•  Score 
≥ 3: 67%

• N = 50
•  Mean score: 

3.46
•  Score 5: 5
•  Score 4: 22
•  Score 3: 16
•  Score 2: 6
Score ≥ 3: 
86%
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15.9  Discussion

15.9.1  Why Is the XI-Gracilis Not 
Popular?

An ideal motor nerve to innervate a FFMT for 
facial reanimation should (1) be a nearby nerve to 
avoid the requirement of a nerve graft, (2) be a 
strong nerve to provide adequate innervation, (3) 
provide a quicker recovery with a short rehabili-
tation time, (4) have minimal donor site morbidi-
ties, (5) provide universal application in different 
situation, and (6) have the potential to create a 
spontaneous smile which is the most important 
for the result. The reasons why V3-gracilis 
becomes popular since 2006 after Manktelow’s 
report [21], because V3-gracilis provides many 
benefits as an ideal motor nerve. However, we 
found V3-gracilis is not good enough to gain 
spontaneous smile for unilateral facial paralysis. 
Patients after V3-gracilis are quite difficulty to 
have big smiling with mouth opening, easily for-
getting to smile when smile is spontaneous initi-

ated, and involuntary movement of the cheek is 
persistent during eating and biting.

The XI-gracilis shows a lots of benefits than 
pitfalls. The benefits include one-stage proce-
dure, powerful innervation with quick recovery, 
and potential to create a spontaneous smile by 
time. However, why is the XI-gracilis not popu-
lar? There are some pitfalls: (1) one more neck 
wound for XI exploration, (2) rather difficulty of 
XI dissection in the neck deep wound to obtain a 
more than 10 cm length nerve, (3) postoperative 
neck splint immobilization for 3 weeks, and (4) 
postoperative donor site shoulder complications 
which are too much emphasized and concerned 
by otolarygology head and neck surgeons 
[30–32].

15.9.2  Sequelae by XI Transect

There are significantly different opinions regard-
ing the sequelae of XI injury and palsy, especially 
found in ENT-, sport-, and head and neck surgery- 

Table 15.5 Hadlock’s SMILE Lip Excursion Scale

Number One-year follow-up Last follow-up
Median follow-up time of 
last follow-up

XI 30 7.25 (4.15–13.26) 7.4 (3.75–13.68) 15
CFNG 30 12.73 (10.52–15.80) 14.12 (12.66–16.26) 32
V3 14 9.25 (2.49–16.40) 9.25 (1.81–18.05) 12
p value 0.04a 0.007a

aThe results are expressed as median + interquartile range (IQR)

Fig. 15.6 : Hadlock’s smile lip excursion
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related journals. The XI injury, as described, will 
cause denervation of the trapezius and sternoclei-
domastoid muscles, compromise shoulder move-
ment and lead to secondary sequelae, such as 
trapezius atrophy, shoulder girdle depression, 
scapular dyskinesis, causing loss of shoulder 
active abduction and shoulder/neck and myofas-
cial pain [30, 31]. However, the XI nerve has been 
extensively applied in brachial plexus reconstruc-
tion. More than 1000 cases of XI transfer had 
been performed in our center. We haven’t seen 
significant sequel occurrence. Wilgenet al [32] 
questioned “ are all shoulder complaints after 
neck dissection due to the XI nerve injury alone in 
head and neck surgery ?”, and reported the inci-
dence of XI injury associated signs and symptoms 
is varied from 18 to 100% following a radial or 
modified radial neck dissection and lymph node 
dissection. Our XI harvest, the sternocleidomas-
toid and upper third trapezius are still preserved. 
The sequelae by XI nerve transfer were very mini-
mal in our series. The common sign was atrophy 
of middle and lower parts of trapezius, and tem-
porary shoulder soreness which usually disap-
peared spontaneously within 1 month. From the 
anatomy point of view, the trapezius muscle is 
only attached on the scapula, clavicle and acro-
mion, but not across G-H joint to the humerus. It 
might mildly impact the shoulder stability and 
will not affect the shoulder elevation.

15.9.3  Why Patients of Postparalysis 
Facial Synkinesis Are 
Included?

All patients with postparalysis facial synkinesis 
in this series received extensive myectomy and 
neurectomy of the involved nerves and muscles 
(including cheek, nose, corrugator and platysma 
muscles, and all zygomatic and buccal facial 
nerve branches). It becomes a status of facial 
paralysis before FFMT. Their reconstructive pro-
cedure, postoperative care and rehabilitation 
were all the same as the truly facial paralysis 
without additional botox injection and extra reha-
bilitation. The only pitfalls is the patients after 
facial reanimation seemed to have higher  revision 
rate, especially on the upper lip contracture, than 
truly facial paralysis.

15.9.4  Cortical Adaptation

Manktelow in 2006 [21] reported a series of 27 
patients (9 with total bilateral, 9 with partial 
bilateral, and 9 with primarily a unilateral facial 
paralysis) received V3-gracilis for facial reani-
mation. He concluded 85% of patients learned to 
smile without biting, and the spontaneity occurred 
routinely in 59% and occasionally in 29% of 
patients. Brain plasticity of cortical connections 

Fig. 15.7 Terzis’s functional and aesthetic score
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between the cortical centers of the seventh and 
fifth cranial nerves was hypothesized. Since then, 
V3-gracilis becomes more popular because it 
provides more consistently powerful muscle con-
traction. In our series, this brain plasticity only 
occurred on bilateral Möbius syndrome patients.

For the unilateral facial paralysis, V3-gracilis 
does not show such benefits with spontaneity and 
synchrony.

15.9.5  Result Evaluation

Although some standardized evaluation systems 
for facial nerve paralysis and recovery have 
been established, such as House-Brackmann, 
Sunnybrook, or Sydney system [33], we found 
neither one could subjectively and objectively 
analyze our patients’ results after FFMT recon-
struction. On the contrary, our evaluation had 
multiplicity approach: teeth exposure score can 
test the transferred muscle strength;, cortical 
adaptation system with “tickle and joke test” 
can evaluate the emotional muscle movement, 
simple and not confusing;, Hadlock’s “SMILE” 
lip excursion scale can quantitatively check the 
lip excursion;, and Terzis’s functional and aes-
thetic evaluation system can quantitatively and 
qualitatively check the gross result. We addi-
tionally used patient questionnaire for more 
patients’ subjective result. Those multiplicity 
approaches made the outcomes assessment 
more convincing.

15.9.6  Indication 
and Contraindication

XI-should be avoided in athletes, especially in 
those whom require much movement of the 
shoulder abduction and elevation, which will 
insult in embarrassingly involuntary motion of 
the cheek muscle during exercise. Low education 
or poor communication patients may also be con-
traindicated for XI- and V3-patients because they 
are difficult in smile training.

15.10  Summary

Although XI-gracilis for facial paralysis recon-
struction has not yet considered a popular choice 
in the world, we continuously use this technique 
for facial reanimation due to its effectiveness, a 
one-stage procedure (like V3-gracilis), but a ten-
dency to have a spontaneous smile (like CFNG- 
gracilis) by time. Involuntary movement of the 
muscle transplant on face also tends to reduce or 
disappear by time while shoulder elevation 
(Video 15.1). The classic two-stage CFNG- 
gracilis is still our first choice for facial reanima-
tion. However, compared the benefits and pitfalls, 
the XI-gracilis has proven it a good alternative 
(Videos 15.2 and 15.3).
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Key Points
• One-stage latissimus dorsi neuromuscular 

transfer is a viable option for dynamic smile 
reconstruction, with strengths including 
achievement of reliable and acceptable long- 
term outcomes and reduction of the opera-
tion frequency.

• Dual-innervation technique can reduce dener-
vation time of the functional latissimus dorsi 
muscle by providing additional neural input 
from the ipsilateral masseteric nerve.

• More favorable outcomes showing stronger 
contraction of the transferred muscle as well 
as spontaneous movement can be achieved in 
the dual-innervation technique.

• Elaborate planning and technically demand-
ing procedures are required for successful 
implementation of the dual-innervation 
technique.

• Compared to the conventional method, the 
dual-innervation technique is not associated 
with increasing donor morbidity including 
functional impairments.

16.1  History of One-Stage 
Latissimus Dorsi Muscle 
Transfer

A two-stage dynamic reanimation technique con-
sisting of cross-facial nerve grafting and subse-
quent free muscle transplantation has long been 
the dominant reconstruction option for enabling 
spontaneous smiles in patients with facial paraly-
sis. This technique has generated superior out-
comes both in repose and dynamic smiling 
compared to those of conventional methods. 
However, the technique’s limitations are that it 
requires a two-stage operation with procedures 
approximately 8–12 months apart, and it takes up 
to 2 years to acquire transferred muscle contrac-
tion after the completion of the first-stage cross- 
facial nerve grafting. Another disadvantage of 
this method is the need for harvesting a long sural 
nerve for the cross-facial nerve graft, as this may 
lead to uncomfortable sequelae, including 
hypothesia or paraesthesia in the submalleolar 
and lateral foot regions.

To overcome the drawbacks of the two-stage 
method, Wei et al. and Harii et al. proposed a new 
one-stage latissimus dorsi neuromuscular trans-
fer surgical technique [1, 2] in which the muscle 
motor nerve is directly crossed through the face 
and attached to the contralateral facial nerve 
branches. The latissimus dorsi muscle has dis-
tinct strengths over other conventionally used 
muscles. It provides a parallel-fibered muscle 
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that can generate sufficient contraction power to 
lift the nasolabial fold during smiling. A stalk of 
the thoracodorsal nerve long enough to easily 
reach the contralateral facial nerve branches can 
be obtained by a proximal dissection up to its ori-
gin through the posterior cord of the brachial 
plexus and the distal dissection of the muscle 
parenchyma. In addition, this one-stage method 
reduces the number of nerve coaptations and 
results in a shorter time to acquire the first con-
traction of the transferred muscle compared to 
the conventional two-stage method. According to 
the Takushima et al. study that contained the larg-
est case series of latissimus dorsi neuromuscular 
transfers and reported comprehensive outcomes 
over a 15 year period [3], postoperative contrac-
tion of the transferred muscle was acquired at an 
average of 6.5 months, which was approximately 
one-third of the time of the two-stage method. 
Above all, over three-fourths of the patients 
treated with this method obtained good outcomes 
showing a grade 4 or 5 in their grading system, 
which demonstrates method reliability. With 
these strengths, the one-stage latissimus dorsi 
neuromuscular transfer has been established as a 
viable option in dynamic smile reconstruction.

16.2  Dual-Innervation Technique

16.2.1  Emergence of the Dual- 
Innervation Technique

Generally acceptable outcomes showing sponta-
neous and symmetric muscle movement at smile 
and balanced appearance at rest have been 
achieved in a majority of facial palsy patients 
treated with the one-stage latissimus dorsi neuro-
muscular transfer. However, suboptimal results 
with insufficient contraction of the transferred 
muscle are occasionally encountered in the long 
run, which may overshadow the strengths of this 
method and caution surgeons on its use. 
Suboptimal results are usually the result of the 
shrinking and atrophy of the transferred muscle 
during the denervated period, which is usually 
more than 6 months, and the resulting reduction 

in contraction power after re-innervation, which 
would not be sufficient for generating a symmet-
ric smile.

To resolve this issue, Watanabe et  al. intro-
duced a new dual-innervation technique using the 
latissimus dorsi muscle. They innervated the 
transferred latissimus dorsi muscle by both neu-
rorrhaphy to a buccal branch of the contralateral 
facial nerve with the thoracodorsal nerve, as done 
conventionally, and by neurotization via direct 
contact with the ipsilateral masseter muscle [4]. 
By virtue of an adjacent neural source from the 
ipsilateral masseteric nerve, the re-innervation of 
the transferred muscle can be relatively fast, 
occurring about 3  months after surgery in their 
study. This can reduce denervation atrophy of the 
transferred muscle during the period of axonal 
regeneration from the contralateral facial nerve 
branch, showing a modified ‘baby-sitting’ effect, 
and ultimately maintain the contraction power of 
the transferred muscle in smile. A reinforced neu-
ral input from the contralateral facial nerve 
branches combined with that from the ipsilateral 
masseteric nerve enables spontaneous and sym-
metric smile. In summary, the dual-innervation 
technique theoretically has the potential for a 
relatively faster and more powerful re- innervation 
of the transferred muscle via the ipsilateral mas-
seteric nerve and spontaneous smiling via the 
contralateral facial nerve branch.

Building on the pioneering work of Watanabe 
et  al., surgeons have performed the dual- 
innervation technique with a common goal of 
compensating the potential drawbacks of the 
conventional one-stage latissimus dorsi neuro-
muscular transfer. Several technical modifica-
tions have been attempted that are mainly 
focused on the methods for secondary innerva-
tion from the ipsilateral masseteric nerve. In our 
technique, instead of exposing the bare masseter 
muscle for direct neurotization as done by 
Watanabe et al., a distal runoff of the descend-
ing branch of the thoracodorsal nerve or a trans-
verse branch is additionally harvested and is 
coapted directly with the ipsilateral masseteric 
nerve, which is similar to Takushima’s [5] 
(Fig. 16.1).
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16.2.2  Surgical Technique

16.2.2.1  Preoperative Planning
Meticulous and elaborate preoperative planning 
is essential for achieving the best results in 
dynamic smile reconstruction. A patient’s past 
medical history needs to be thoroughly vetted 
including cause and duration of symptoms, rem-
nant function of facial nerves in the affected 
side, presence of synkinesis, and so forth. A 
physical examination to evaluate the length and 
vector of oral commissure movements in both 
the affected and unaffected sides in a sitting 
position is performed. Heaviness of the cheek 
soft tissue and overall contour in adjacent facial 
regions are carefully examined to avoid unin-

tended cheek bulkiness after the muscle transfer 
and/or to correct concomitant contour deformi-
ties, if possible.

The required length of thoracodorsal nerve 
needed to reach a potential donor nerve of the 
contralateral facial nerve branches through a sub-
cutaneous tunnel through the philtrum region is 
also estimated. The shape, position, and contrac-
tility of masseter muscle ipsilateral to the facial 
paralysis side are examined by palpation. The 
approximate thickness and contractility of the 
ipsilateral latissimus dorsi muscle below axilla 
also needs to be estimated.

16.2.2.2  Preparation of the Cheek 
Pocket

The procedures are carried out by two teams 
operating simultaneously including one for 
facial preparation and another for the latissimus 
dorsi muscle flap harvest. After marking the 
planned area of undermining on the cheek skin, 
a preauricular incision with extending cephalad 
along the sideburn hairline is made on the para-
lyzed face. The cheek flap is widely elevated 
above the superficial musculoaponeurotic fascia 
and parotid fascia to prepare a pocket for the 
subsequent muscle transfer. Undermining is 
advanced approximately 1–2  cm medially 
beyond the nasolabial fold. After creating the 
cheek pocket, five or six 3-0 polyethylene 
stitches are positioned across the residual fibers 
or traces of the orbicularis oris muscle with the 
checking position of a newly created nasolabial 
fold when pulling them.

The masseteric nerve, which is expected to 
be topographically located at a point approxi-
mately 3 cm medial from the tragus and 1 cm 
below the zygomatic arch, is identified beneath 
the masseter muscle with splitting the muscle 
fiber. The muscle is explored at a location 1 cm 
below the zygomatic arch and 1  cm medial to 
the posterior border of the muscle, and the 
motor nerve that usually lies 1.5–2 cm beneath 
the muscle surface is identified and prepared. 
This nerve stump serves as the secondary donor 
for a co-harvested nerve branch for the dual 
innervation.

Fig. 16.1 Dual-innervation technique. Similar to the 
conventional single-innervation technique, a thoracodor-
sal nerve stalk is coapted with a buccal branch of the con-
tralateral facial nerve. In addition, a transverse branch of 
the thoracodorsal nerve is pulled to the ipsilateral masse-
teric nerve and direct neurorrhaphy is performed between 
them
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Another small incision with a 1.5–2 cm length 
is made just below the submandibular angle of 
the paralyzed side and the facial artery and veins 
that are used as recipient vessels in a majority of 
cases are explored. On the healthy side, a small 
incision of approximately 12–14  mm long is 
made posterior to the lateral border of the zygo-
maticus major muscle and anterior to the margin 
of the parotid gland on the cheek to explore facial 
nerve branches that can be used for potential 
donor nerves. Typically, several zygomatic and/
or buccal branches of the unaffected facial nerve 
are identified. Of these, the branches that show an 
adequate size and induce a sufficiently powerful 
contraction of the zygomaticus major muscle 
and/or levator labii superioris muscles on check-
ing with a nerve stimulator are selected and pre-
pared for the subsequent coaptation with the 
thoracodorsal nerve stump. For passage of the 
thoracodorsal nerve stalk, a small subcutaneous 
tunnel connecting the prepared cheek pocket on 
the affected side and the harvested contralateral 
donor nerve is made with a long scissor crossing 
the upper lip region.

16.2.2.3  Harvesting the Latissimus 
Dorsi Muscle Segment

A functional latissimus dorsi muscle flap is usu-
ally harvested on the same side as the paralyzed 
face with the patient in the supine position and a 
small pillow placed under their back. A lazy-S 
incision is made along the anterior margin of the 
latissimus dorsi muscle, which is usually identi-
fied at the posterior axillary line (Fig. 16.2), and 
the planned area of the latissimus dorsi muscle is 
dissected from the surrounding tissues. The neu-
rovascular pedicle of the muscle is identified 
under the muscle, and the thoracodorsal nerve is 
carefully separated from the thoracodorsal ves-
sels. An adequate length of the vascular pedicle is 
obtained, and the thoracodorsal nerve is further 
atraumatically traced toward its origin into the 
posterior cord of the brachial plexus as far as pos-
sible. Subsequently, a varying length of intramus-
cular dissection of the descending branch of the 
thoracodorsal nerve is performed to obtain addi-

tional nerve length so that it can easily reach the 
buccal branch of the contralateral facial nerve. 
For the dual innervation, a distal runoff of the 
descending branch of the thoracodorsal nerve or 
a transverse branch is also traced with an intra-
muscular dissection and then harvested. After 
completing the dissection of the neurovascular 
pedicle, a segmental latissimus dorsi muscle 
block is harvested in a trapezoid shape referring 
to the planned lengths in the face. If the muscle 
segment is very thick, its outer portion can be 
carefully thinned before pedicle division, and 
meticulous hemostasis is performed. The neuro-
vascular pedicle is then divided, and the muscle 
flap segment is transferred to the recipient site 
(Fig. 16.3). The donor site is closed in the usual 
fashion with the placement of a suction drain.

16.2.2.4  Transfer of the Harvested 
Muscle

The harvested muscle flap is set into the prepared 
cheek pocket. Its proximal end is securely fixed to 
the nasolabial region using stay sutures anchored 
to the orbicularis oris muscle, which are prepared 
during the pocket preparation. The harvested tho-
racodorsal nerve stalk is transposed through the 
subcutaneous tunnel of the upper lip to reach the 
exposed contralateral facial nerve branches 
(Fig. 16.4). A co-harvested nerve branch, either a 
distal runoff of the descending branch or a trans-
verse branch, is pulled to the prepared ipsilateral 

Fig. 16.2 Design for harvesting functional latissimus 
dorsi flap with both descending and transverse branch of a 
thoracodorsal nerve
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masseteric nerve. In addition, the vascular pedicle 
is passed subcutaneously onto the prepared ipsi-
lateral facial vessels in the submandibular region. 
After placing the muscle flap in a proper position, 
microvascular anastomoses are conducted 
between the facial vessels and the thoracodorsal 
vessels. Epineural sutures using 10-0 Nylon are 
then carried out in two sites; between the thora-
codorsal nerve stump and the contralateral facial 
nerve branch, and between the transverse nerve 
branch and the ipsilateral masseteric nerve 
(Fig. 16.5). Lastly, the distal end of the latissimus 
dorsi muscle flap is fixed to the zygomatic region 
under appropriate tension with non- absorbable 
sutures considering the planned vector (Fig. 16.6). 
In patients with a strong contraction of the contra-

lateral mimetic muscle and heavy soft tissue load-
ing, a static sling using fascia lata or a dermal 
substitute product can be combined and placed 
under or beside the muscle segment. A shallow 
layer of malar fat pad is placed under the cheek 
flap and a small amount of buccal fat can be 
removed during or after the muscle placement if 
significant bulkiness is observed. The facial 
wounds are finely repaired with the placement of 
a small suction drain in the cheek pocket.

16.2.2.5  Postoperative Course
The drain is removed after a few days and the 
patient is discharged after removal of the stitches, 
usually 6 or 7 days after the operation. The patient 
is then followed at a 2- to 3-month interval. Any 
secondary procedures to improve the outcome are 
scheduled at least 18 months after the surgery.

Fig. 16.3 Appearance 
of the harvested 
functional latissimus 
dorsi muscle with a 
descending and a 
transverse branch of the 
thoracodorsal nerve for 
dual innervation

Fig. 16.4 After identifying a buccal branch of the contra-
lateral facial nerve through small cheek incision, a long 
thoracodorsal nerve stalk is passed under the subcutane-
ous tunnel and retrieved through the incision, which has 
been prepared for neurorrhaphy

Fig. 16.5 Neurorrhaphy is conducted between a har-
vested transverse branch of the thoracodorsal nerve (white 
arrow) and ipsilateral masseteric nerve (black arrow)
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16.3  Comparison Between 
the Single and Dual- 
Innervation Technique

16.3.1  Clinical Efficacy of the Dual- 
Innervation Technique

The dual-innervation technique theoretically 
aims to obtain faster and more powerful contrac-
tion of the transferred muscle using an ipsilateral 
masseteric nerve source and to achieve a sponta-
neous smile using a contralateral facial nerve 
source. The most distinct characteristic of the 
dual-innervation technique compared to the con-
ventional single-innervation technique is the sup-
plementary neural input from the ipsilateral 
masseteric nerve. The ipsilateral masseteric nerve 
on the paralyzed side has long served as a valu-
able alternative option for the donor nerve, espe-
cially in cases of bilateral facial palsy. This nerve 
has abundant axonal loading and provides a 
strong neural input to the transferred muscle, 
which leads to a sufficiently powerful excursion 
during smile. In addition, spatial proximity to the 
transferred muscle allows for a relatively short 
re-innervation period and a reduction of possible 
denervation atrophy of the muscle, which con-
tributes to the achievement of good muscle con-
traction. Given that one of the main weaknesses 
of the conventional single-stage latissimus dorsi 
neuromuscular transfer technique is the occa-

sional and unexpected development of insuffi-
cient excursion of the muscle, potentially due to 
the long denervation period, the dual-innervation 
technique can compensate for this by the supple-
mentation of neural inputs from the ipsilateral 
masseteric nerve. An additional neural input from 
the contralateral facial nerve allows for spontane-
ous contraction of the transferred muscle, which 
preserves the strength of the original technique.

According to the Watanabe et al. study [4], the 
first contraction of the transferred muscle was 
postoperatively observed at 3 months on average, 
which is relatively shorter compared to that of the 
conventional single-innervation technique (lon-
ger than 6 months). In addition, all three patients 
included in their study developed a spontaneous 
and symmetric smile and facial expression with 
minimum synkinesis. They conducted an electro-
myographic study on the transferred latissimus 
dorsi muscle and found that action potential was 
detected both on biting with the masseter muscle 
on the paralyzed side and on smiling with the 
zygomaticus major muscle on the non-paralyzed 
side. This implies that the muscle is dual- 
innervated by the ipsilateral masseteric nerve and 
contralateral facial nerve, which lends support to 
this technique. Biglioli et al. reported outcomes 
of the single-stage dual-innervation technique 
using the gracilis muscle for dynamic smile 
reconstruction [6]. In that study, the obturator 
nerve that was co-harvested with the gracilis 

Fig. 16.6 Intraoperative images of the flap inset to the prepared cheek pocket after vessel anastomosis and 
neurorrhaphy
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muscle was coapted with the ipsilateral masse-
teric nerve and a cross-facial nerve graft was con-
ducted between the contralateral facial nerve 
branches and the obturator nerve, which were 
anastomosed in an end-to-side manner. In spite of 
using a different technique of neurorrhaphy and 
muscle types, similarly favorable outcomes were 
observed in that the voluntary muscle contraction 
was first postoperatively observed at a mean 
3.8  months and spontaneous contraction was 
achieved at a mean 7.2 months after operation.

16.3.2  Single-Innervation Versus 
Dual-Innervation Technique

Despite the suggested benefits and actual favor-
able outcomes of the dual-innervation technique 
as shown in the previous preliminary studies, 
there have been no published studies demonstrat-
ing the superiority of this technique to conven-
tional ones using the single-innervation method. 

This is probably because it has not been long 
since the dual-innervation technique was first 
introduced, and the evaluation of dynamic recon-
struction in facial paralysis generally requires a 
long follow-up period.

A total of 65 patients with a mean age of 
37 years (range, 7–67) underwent a single-stage 
latissimus dorsi neuromuscular transfer for the 
treatment of long-standing facial paralysis in the 
authors’ institution. Among them, the conven-
tional single-innervation technique was used in 
46 cases and the dual-innervation technique was 
used in 19 cases. Generally favorable outcomes, 
including relatively faster muscle contraction on 
biting, the first postoperative movement of the 
muscle at approximately 3  months, and subse-
quent spontaneous smiling were observed in the 
majority of cases using the dual-innervation tech-
nique (Fig. 16.7), which was consistent with the 
results of previous studies. In our crude analyses 
for overall reanimation outcomes using the Terzis 
Functional and Aesthetic grading system on the 

Fig. 16.7 A 55-year-old woman with established facial 
paralysis on her right hemiface, which developed follow-
ing Bell’s palsy. (Left) Preoperative appearance on smil-
ing. (Right) She was treated with a functional latissimus 

dorsi muscle transfer using the dual-innervation tech-
nique. At 17  months without secondary procedure, she 
postoperatively developed a spontaneous and symmetric 
smile

16 One-Stage Latissimus Dorsi Muscle Transfer for Facial Reanimation: Comparison Between Single…
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mean follow-up period of 15 months, a good (IV) 
or excellent (V) grade was observed in 48.8% of 
cases using the conventional single-innervation 
technique and 71.4% in those using the dual- 
innervation technique. The observed dominance 
among the two neural inputs during smile varied 
depending on the patient. Although more favor-
able outcomes were achieved in the dual- 
innervation group, it would be too small a number 
of cases and too short a length of follow-up 
period to conduct an objective comparison and to 
generalize the results. Further studies are required 
to demonstrate the clinical efficacy of the dual- 
innervation technique and to consider it a more 
popular option for dynamic reconstruction.

16.3.3  Donor Morbidity

When using the dual-innervation technique, 
harvesting a transverse branch of the thora-
codorsal nerve and a descending branch is 
required. A concern is that a further dissection 
of the latissimus dorsi muscle to harvest the 
transverse nerve branch may induce additional 
donor morbidity. However, according to our 
study (unpublished), cases using the dual-inner-
vation technique did not show significantly 
higher donor morbidities, in terms of both com-
plication rates and functional impairments, 
compared with those using the conventional 
single-innervation technique. Particularly in the 
survey of Quick-Disabilities of the Arm, 
Shoulder, and Hand questionnaire for evaluating 
postoperative function of the upper extremities, 
cases with dual innervation had similar scores 
compared to those with single innervation. This 
implies that harvesting both the descending and 

transverse branches of the thoracodorsal nerve 
might not have increased donor morbidities 
including functional deficits. To harvest a trans-
verse nerve branch, splitting only the muscle 
cleavage through the course of the thoracodor-
sal nerve was sufficient without considerable 
transection of the latissimus dorsi muscle.

Financial Disclosure None.
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Two-Stage Facial Reanimation 
Using CFNG

Terence Kwan-Wong, Gregory H. Borschel, 
and Ronald Zuker

17.1  Introduction

The first reported cases of free functional muscle 
transfer for facial reanimation were published by 
Harii et al. in 1976 [1], where a segment of graci-
lis was transferred and anastomosed to the super-
ficial temporal vessels, with innervation provided 
by the temporal nerve. While cross face nerve 
grafting had been explored as early as 1971, its 
use was limited to providing a neural conduit 
from intact facial nerve branches to paralysed 
nerve branches.

In 1977, O’Brien et al. published a series of 
cases where two-stage facial reanimation was 
performed using a cross face nerve graft to inner-
vate an extensor digitorum brevis muscle trans-
plant [2]. Outcomes were suboptimal given 
limited excursion and inconsistent revasculariza-
tion of muscle segments. Three years later, 
O’Brien published another series on their experi-
ence with two-stage facial reanimation, this time 
including a group of patients who received seg-
mental gracilis muscle transfers, and found that 

excursion was superior to the EDB transfer [3]. 
Since that time, two-stage facial reanimation 
using a gracilis muscle transfer has had signifi-
cant uptake as a reliable method for providing 
good, lasting results with minimal donor site 
morbidity.

The first stage procedure entails identifying a 
redundant zygomatic or buccal facial nerve 
branch from the contralateral, unparalysed side 
of the face to be used to provide neural input for 
the proposed muscle transplant. One end of a 
sural nerve graft is coapted to the donor nerve, 
while the opposite end is banked in the upper 
buccal sulcus adjacent to the canine on the para-
lyzed side. Six to 12 months elapse, during 
which axonal sprouting from the donor nerve 
proceeds toward the free end of the nerve graft. 
Finally, in the second stage procedure, the graci-
lis muscle transplant is performed, innervated 
by the cross face nerve graft. By staging the pro-
cedures, the time needed to reinnervate the 
motor end plates to the muscle transplant is 
minimized. Prolonged denervation of the trans-
planted muscle results in irreversible muscle 
atrophy and fibrosis, which adversely affects the 
reconstructive outcome.

Compared to muscle transplants powered by 
the motor nerve to masseter, the two-stage proce-
dure using a cross face nerve graft provides less 
oral commissure excursion than one powered by 
the motor nerve to masseter—approximately 
50–75% the excursion of the normal side, as 
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opposed to 90% or more when powered by the 
masseteric nerve. This difference can be attrib-
uted to the difference in axonal density provided 
by the donor nerve [4–6]. Snyder-Warwick et al. 
demonstrated that the distal end of the cross face 
nerve graft had a 74% decrease in axonal density 
compared to the native facial nerve branch; by 
contrast, the motor nerve to masseter had a rela-
tive axonal density of 78% [7].

However, reconstructing the movement of the 
oral commissure only addresses part of the stigma 
associated with facial paralysis. The ability to 
generate a smile at appropriate times during 
social interaction is at least as important as the 
physical ability to form a smile. A spontaneous 
smile involves emotional and sensory integration 
by the frontal lobe which is effected by the motor 
nucleus of the facial nerve. By utilizing a branch 
of the intact contralateral facial nerve, two-stage 
facial reanimation using cross face nerve grafting 
reconstructs not only the physical ability to smile, 
but uniquely, also the ability to spontaneously 
generate a smile congruent with the patient’s 
emotions.

17.2  Technique

17.2.1  Stage One: Cross Face Nerve 
Grafting

17.2.1.1  Sural Nerve Harvest
We prefer to perform our sural nerve harvest 
with the patient supine, which obviates the need 
to change positioning intraoperatively. 
Furthermore, this permits a two team approach 
with one team harvesting the sural nerve while 
the second team exposes and maps the donor 
facial nerve (Fig. 17.1). Access to the posterior 
leg for nerve harvest can be facilitated by flex-
ing and internally rotating the hip and knee. If 
needed, a gel roll can be placed underneath the 
ipsilateral hip to improve visualization of the 
posterior leg. The donor leg is circumferentially 
prepared and draped to allow it to be reposi-
tioned as needed. A sterile pneumatic tourniquet 
is used to minimize bleeding and improve visu-
alization during dissection.

The proximal incision is marked as a 4 cm line 
centered over the midline of the leg located 4 cm 
distal to the flexion crease of the knee (Fig. 17.2). 
The skin is incised with a 15 blade scalpel, and 
then dissection proceeds in the subcutaneous 
plane using tenotomy scissors and bipolar cau-
tery down to the level of the fascia overlying the 
gastrocnemius muscle. Hemostasis should be 
meticulously maintained during the dissection to 
optimize visualization of tissue planes and ana-
tomical structures.

The fascia is incised, and the medial and lat-
eral heads of the gastrocnemius muscle are visu-
alized. The sural nerve is located in the interval 
between the medial and lateral heads of the gas-
trocnemius, running adjacent to the lesser saphe-
nous vein. The sural nerve is dissected proximally 
towards its takeoff from the tibial nerve. 
Occasionally, the sural nerve has significant 

Fig. 17.1 The patient is positioned supine, permitting a 
two team approach to surgery

Fig. 17.2 Markings for the sural nerve procurement. A 
sterile tourniquet is used to optimize intraoperative 
visualization

T. Kwan-Wong et al.
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 contribution from the lateral communicating 
branch—in these cases, the lateral communicat-
ing branch is also dissected proximally to its ori-
gin from the common peroneal nerve, and can be 
used for additional nerve graft if needed. The 
sural nerve is then dissected as distally as possi-
ble under direct vision.

The sural nerve is transected as proximally as 
safely possible from its takeoff from the tibial 
nerve (Fig.  17.3), and the free end of the sural 
nerve is passed through the loop of the nerve 
stripper. Traction is maintained on the nerve dur-
ing the stripping process by applying a fine mos-
quito on the tip of the graft. The tip of the nerve 
stripper is passed deep to the fascia overlying the 
gastrocnemius, and gentle pressure is used to 
guide the stripper as distally as possible. If there is 
significant resistance to passage of the nerve strip-
per, the surgeon should confirm that the nerve 
stripper is in the correct plane and being guided in 
an axis parallel to the long axis of the leg.

Approximately 12 cm of sural nerve is needed 
for cross face nerve grafting in children 5 years 
and older. Once sufficient length has been 
stripped, the tip of the stripper can be palpated, 
and a counter incision made in this location to 
identify the distal end of the nerve graft. At this 
point, the sural nerve graft can be delivered from 
the distal incision using gentle traction, and 
removed from the end of the nerve stripper. If 
needed, the sural nerve can be dissected distally 
for additional length before being transected 
using sharp scissors. The proximal end of the 

sural nerve graft is marked with a surgical marker, 
and brought to a side table to be prepared. The 
graft is trimmed of adventitia, and the proximal 
end crushed by the mosquito during the stripping 
process is freshened using sharp scissors 
(Fig.  17.4). The graft is kept moist at all times 
with saline dampened surgical gauze.

The tourniquet is let down before final closure 
in order to ensure hemostasis. Layered closure is 
performed using absorbable sutures. Finally, a 
layer of skin adhesive over top of the closed inci-
sions to act as a waterproof barrier (Fig. 17.5).

17.2.1.2  Cross Face Nerve Grafting
A rhytidectomy incision with a short subman-
dibular extension is marked on the non-paralyzed 

Fig. 17.3 The sural nerve is identified, isolated and 
divided proximally just distal to its takeoff from the tibial 
nerve

Fig. 17.4 The proximal end of the sural nerve graft 
passed through the nerve stripper. A hemostat is used to 
provide gentle proximal traction as the sural nerve is 
stripped to the level of the mid-calf

Fig. 17.5 After the skin incisions are closed, skin adhe-
sive as well as wound closure tapes are applied over top to 
provide a robust, waterproof dressing over the surgical 
site

17 Two-Stage Facial Reanimation Using CFNG
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side. It is useful to mark the approximate location 
of the donor facial nerve branch, which can be 
approximated by a point halfway between the 
helical root and oral commissure [8] (Fig. 17.6). 
The face is elevated in a subcutaneous plane, 
superficial to the parotid facia, until the anterior 
border of the parotid gland is reached. As dissec-
tion continues anteriorly, branches of the facial 
nerve are identified and dissected.

Facial nerve mapping is performed by stimu-
lating facial nerve branches and noting the facial 
movements elicited (Fig. 17.7). The ideal donor 
facial nerve branch should be of similar caliber to 
the sural nerve graft, and effect strong activation 
of the zygomaticus major, zygomaticus minor, 
and levator angularis oris while minimizing dis-
tortion from the orbicularis oris (Fig.  17.8). 

Nerve stimulation can also be used to confirm 
redundant innervation to the zygomaticus and lip 
levator musculature to ensure that the smile on 
the non-paralyzed side will not be adversely 
affected by dividing the donor nerve. The selected 
facial nerve branch is dissected retrograde into 
the substance of the parotid gland itself. This 
proximal dissection aids in optimizing the final 
reconstructive result by providing a better size 
match between the donor facial nerve and the 
sural nerve graft, increasing axonal counts in the 
donor nerve and improving visualization for the 
neurorraphy [9].

Low frequency electrical stimulation has been 
shown to improve peripheral nerve regeneration 
and axonal survival [10, 11]. Physiologically, this 
translates into more robust innervation of the 
muscle transplant, which clinically manifests as 
improved excursion of the reconstructed smile. 
At our center, we routinely perform electrical 
stimulation of the donor nerve for 1 h at 20 Hz 
prior to its division and coaptation to the sural 
nerve graft (Fig.  17.9). The nerve stimulator 
amperage is set to the lowest setting that elicits 
clinically evident contraction of the facial muscu-
lature. Once the electrical stimulation is com-
plete, the donor facial nerve branch is 
transected.

A buccal mucosal incision is made at the level 
of the canine on the paralysed side, and blunt dis-
section is carried down to the level of the 
 maxillary periosteum. During the dissection, ter-
minal branches of the infraorbital nerve can be 

Fig. 17.6 Facial incision for cross face nerve grafting. 
The anticipated location of the donor facial nerve branch 
is marked midway between the lateral oral commissure 
and the root of the helix

Fig. 17.7 The facial nerve branches have been identified 
and isolated. A nerve stimulator is used to create a map to 
determine appropriate donor nerves

Fig. 17.8 The selected facial nerve branch is activated 
with the nerve stimulator, leading to appropriate facial 
muscle contraction—‘a smile’

T. Kwan-Wong et al.
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seen as they course anteriorly to provide innerva-
tion to the lip. We routinely dissect these nerve 
branches, identifying one or two branches that 
will provide a good size match for anastomosis to 
the banked end of the sural nerve graft 
(Fig.  17.10). In an animal model of cross face 
nerve grafting, end to side anastomosis of a sen-
sory nerve to a nerve graft demonstrated enhanced 
motor nerve regeneration, and ultimately, 
improved functional outcomes [12].

The selected infraorbital nerve branches are 
divided in order to improve exposure within the 
upper buccal sulcus incision. Fine Jake forceps 
are used to create a supraperiosteal tunnel con-
necting the upper buccal sulcus incision with the 
rhytidectomy exposure. The sural nerve graft is 
reversed, and passed through the previously made 

tunnel. The nerve graft is positioned to ensure 
that the coaptations can be done under no ten-
sion. The location of the distal end of the nerve 
graft in the upper buccal sulcus incision can be 
marked using a vascular clip, non-resorbing 
suture, or both to aid with identification of the 
distal cross face nerve graft in the second stage 
procedure (Fig. 17.11).

The operating microscope is brought in at this 
point, and the ends of the sural nerve graft are 
inspected and trimmed back to a healthy fascicu-
lar pattern. Coaptation of the nerve graft to the 
donor facial nerve proximally, and to branches of 
the infraorbital nerve distally, are performed 
using a combination of 10-0 nylon sutures and 
fast set fibrin glue (Fig. 17.12).

The facial incision is closed using deep der-
mal sutures followed by a running subcuticular 
suture using an absorbable monofilament suture. 
We do not routinely use silastic drains for our 
facial closures. The oral incision is closed using 

Fig. 17.9 Low frequency electrical stimulation is pro-
vided for 1 h to the donor facial nerve branch in order to 
enhance nerve regeneration

Fig. 17.10 A terminal branch of the infraorbital nerve is 
identified within the upper buccal sulcus, identified here 
using a yellow vessel loop. This will be coapted to the 
distal end of the cross face nerve graft

Fig. 17.11 The cross face nerve graft is secured in the 
upper buccal sulcus on the paralyzed side
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absorbable sutures with the needle in direct 
vision at all times to ensure that the cross face 
nerve graft is not accidentally captured within the 
mucosal closure. Wound closure strips are 
applied over top of the facial incisions.

A reminder is written on a strip of medical 
tape and applied over the donor side cheek to 
remind the patient, caregivers and health care 
team to avoid applying pressure over the surgical 
site. Postoperatively, patients are placed on a soft 
diet for 3 weeks, a week of oral antibiotics, and a 
course of 0.12% chlorhexidine mouthwash four 
times a day to maintain oral hygiene and mini-
mize the likelihood of wound healing complica-
tions. We routinely admit patients for 24–48  h 
postoperatively to monitor analgesic needs and 
ensure that they are fully ambulatory prior to 
discharge.

17.2.2  Stage 2: Free Functional 
Muscle Transfer

Generally, we wait around 6–12 months follow-
ing the cross face nerve graft to perform the mus-
cle transplant, depending on the length of nerve 
graft utilized. The regeneration front of the cross 
face nerve graft can be tracked by the progression 
of a Tinel’s sign across the upper lip.

Similar to the first stage procedure, we utilize 
a two team approach to improve efficiency. One 

team is responsible for exposure and preparation 
of the recipient side of the face, while the second 
team dissects and procures the segmental gracilis 
muscle with its neurovascular supply (Fig. 17.13).

17.2.2.1  Gracilis Harvest
The gracilis is harvested with the patient supine, 
and with the knee flexed, and the hip flexed and 
externally rotated. In this position, the course of 
the adductor longus can be visualized or pal-
pated. In older children, the gracilis itself is 
sometimes palpable. The incision is marked as a 
10 cm line that lies 1–2 cm posterior to the axis of 
the adductor longus, and centered over the esti-
mated location of the major pedicle entering the 
gracilis, which is located approximately 10  cm 
inferior to the muscle origin at the pubic symphy-
sis (Fig. 17.14).

Fig. 17.12 The coaptation between the cross face nerve 
graft and donor facial nerve branch is completed under the 
operating microscope. The donor facial nerve branch is 
seen superiorly (yellow asterisk), and the sural nerve is 
seen inferiorly (blue asterisk)

Fig. 17.13 A two team approach is also used for the sec-
ond stage procedure. One team prepares the face to receive 
the muscle transplant while the second team procures the 
gracilis from the thigh

Fig. 17.14 Markings for the incision on the medial thigh 
for gracilis procurement

T. Kwan-Wong et al.
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The skin incision is made using a 15 blade 
scalpel, and subcutaneous dissection is per-
formed using tenotomy scissors. Meticulous 
hemostasis should be maintained throughout the 
dissection to optimize visualization of structures. 
Dissection proceeds to the level of the gracilis 
fascia. Sometimes, a perforator can be seen run-
ning obliquely across the incision; in these cases, 
the perforator is a useful landmark for approxi-
mating the location of the vascular pedicle to the 
gracilis (Fig.  17.15). The fascia overlying the 
gracilis is incised, and reflected anteriorly to 
expose the interval between the gracilis and 
adductor longus. Retracting the gracilis and 
adductor longus from each other, dissection pro-
ceeds deep into this interval to identify the vascu-
lar pedicle to the gracilis, and its takeoff from the 
medial circumflex femoral system. The obturator 
nerve enters the muscle proximal to the vascular 
pedicle, and travels in an oblique trajectory, as 
opposed to the more transverse lie of the vessels. 
Dissection of the vascular pedicle proceeds as 
proximal as possible towards its takeoff from the 
deep femoral artery in order to maximize length. 
Often, ligation and division of vascular branches 
entering the adductor longus and adductor mag-
nus is necessary in order to provide sufficient 
pedicle length. The nerve supplying the gracilis is 
dissected proximally to its takeoff from the obtu-
rator nerve.

The segment of gracilis to be procured is 
determined by the location of the vascular pedi-

cle, and also by the donor nerve used to innervate 
the muscle transplant. In two-stage facial reani-
mation, where the gracilis will be innervated by a 
cross face nerve graft, the gracilis is harvested 
such that the pedicle is eccentrically biased 
towards the proximal portion of the muscle seg-
ment. This permits the nerve to the gracilis to be 
positioned closer to the cross face nerve graft 
located in the upper buccal sulcus, facilitating 
subsequent coaptation and decreasing the dis-
tance for nerve regeneration. The length of graci-
lis is determined by the team operating on the 
patient’s face by measuring the distance between 
the helical root and the oral commissure, and 
adding 2 cm to this number to account for place-
ment of anchoring sutures. The required length is 
marked on the gracilis, accounting for position-
ing of the pedicle slightly closer to the proximal 
end of the muscle.

The relationship between the entry of the ped-
icle relative to the gracilis determines what seg-
ments of the muscle can be procured to minimize 
bulk. Often, the posterior 2/3 of the gracilis can 
be excluded from the segment to be harvested 
(Fig. 17.16). If this selected segment is still too 
large, a further removal of an anterior strip can be 
performed, although dissection must be done 
carefully to ensure the neurovascular supply to 
the segment to be used is not damaged or inad-
vertently excluded. In young children, the seg-

Fig. 17.15 Occasionally, a perforator can be seen tra-
versing the thigh incision. When present, this serves as an 
excellent guide to the location of the pedicle supplying the 
gracilis

Fig. 17.16 The gracilis can be segmentally dissected in 
order to minimize muscle bulk. The anterior one-third of 
the muscle will be utilized, and the neurovascular pedicle 
can be seen entering this segment (yellow arrow—obtura-
tor nerve; blue arrow—vascular bundle). The posterior 
two-third of the muscle will be left behind in the thigh
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ment of muscle to be used is ideally less than 
10 g, while in older children, we aim for a muscle 
segment weighing less than 20 g.

The segment of gracilis to be used is divided 
proximally and distally using heavy scissors 
(Fig. 17.17). Following this, the vascular pedicle 
and nerve are ligated and divided, and the gracilis 
is delivered from the donor site. If desired, the 
obturator nerve to the segmental gracilis muscle 
can be stimulated ex  vivo to confirm that the 
muscle remains innervated and contractile. 
Horizontal mattress sutures are placed 1 cm away 
from the proximal end of the muscle in order to 
minimize the risk of pull through of the sutures 
that will be subsequently placed to anchor the 
gracilis to the oral commissure and upper lip 
(Fig.  17.18). The number of horizontal sutures 

placed is usually one more than the number of 
anchoring sutures placed in the oral commis-
sure—e.g., if three anchoring sutures are placed 
in the oral commissure and upper lip, there should 
be four horizontal mattress sutures placed in the 
proximal end of the gracilis muscle. During the 
gracilis inset, the donor site is irrigated, checked 
for hemostasis and closed in layers. A drain is not 
routinely used unless there is an unusual amount 
of bleeding from the site of procurement.

17.2.2.2  Muscle Transplantation 
to Face

Facial exposure to the paralysed side is provided 
via an extended rhytidectomy incision with a 
submandibular extension. The superior extent of 
the incision extends a short distance into the side-
burn area to permit exposure to the temporal fas-
cia, while the submandibular component parallels 
the inferior border of the mandible far enough 
anteriorly to provide access to the facial vessels. 
Similar to the facial exposure for the cross face 
nerve graft, the flap is raised in the subcutaneous 
plane, superficial to the parotid fascia. The dis-
section proceeds anteriorly until the oral com-
missure is reached.

Once the skin flap has been elevated, the 
recipient vessel can be identified and dissected in 
preparation for the muscle transplant. Our pre-
ferred recipient vessels are the facial artery and 
vein for its good size match to the vessels supply-
ing the gracilis, and for its favorable location for 
anastomosis relative to the cross face nerve graft. 
Occasionally, especially in children with Moebius 
syndrome, the facial vein may be absent. In these 
situations, a transverse facial vein is present, and 
can be dissected and reflected inferiorly for use. 
The facial artery is almost always present, and 
can be localized preoperatively by digital palpa-
tion and then marking the location of the pulse 
with a surgical marking pen. Dissection of the 
facial vessels is facilitated by removal of the buc-
cal fat pad, which has ancillary benefit by 
 reducing excess bulk in the cheek following mus-
cle transplantation (Fig. 17.19). As the facial vein 
courses over the inferior border of the mandible, 
it takes a relatively vertical course, travelling par-
allel and anterior to the masseter. The facial 

Fig. 17.17 The segment of the gracilis to be used is 
divided, and the neurovascular pedicle is appropriately 
ligated and divided

Fig. 17.18 The gracilis muscle is shown here, ready for 
transplantation into the facial pocket. Horizontal mattress 
sutures will be placed into the distal end of the muscle to 
provide anchor points for the oral commissure sutures
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artery is located anterior to the vein, but takes a 
more oblique course towards the oral 
commissure.

Reconstruction of the nasolabial fold on the 
paralysed side is a critical step in providing a 
good outcome. Meticulous placement of sutures 
is paramount, and the surgical team should not 
hesitate to remove sutures that do not provide the 
desired vector or depth of pull. In cases of unilat-
eral facial paralysis, the nasolabial crease on the 
normal side should be marked in the preoperative 
area, and used intraoperatively as a template for 
reconstructing the nasolabial fold on the para-
lysed side. We typically place three anchor 
sutures—one in the oral commissure, and two 
into the region of the upper lip / lower cheek—
using heavy, absorbable suture such as a #1 Vicryl 
(Fig. 17.20). In instances where there is signifi-

cant lower lip droop, an extra anchor suture can 
be placed into the lower lip to help normalize the 
resting position of the lower lip (Figs. 17.21 and 
17.22).

Proper depth of suture placement is equally 
vital to creating a natural and aesthetically pleas-
ing nasolabial fold. In cases of acquired facial 
paralysis, the native perioral musculature pro-
vides a useful guide for placement of the anchor 
sutures, whereas these anatomic landmarks are 
often absent in congenital cases. If sutures are 
placed too close to the dermis, this will pucker 
the overlying skin, and produce upper lip ever-
sion. Conversely, sutures placed too deep will 
produce inversion of the upper lip on animation. 
Once the surgical team is happy with the vector, 
position and appearance of the reconstructed 
smile and nasolabial fold, the distance between 

Fig. 17.19 The facial pocket created for the muscle is 
seen here. The recipient vessels have been identified and 
prepared, and the pocket is ready for placement of the 
anchor sutures to reconstruct the nasolabial fold

Fig. 17.20 Meticulous placement of anchoring sutures in 
the nasolabial fold is critical for a favourable outcome

Fig. 17.21 Anchoring sutures placement—no traction 
applied

Fig. 17.22 Anchoring suture placement—traction 
applied. Attention is directed to creating a natural, sym-
metrical nasolabial crease without creating unwanted 
inversion or eversion of the lip
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the anchor sutures and ipsilateral helical root is 
measured and communicated to the team respon-
sible for procuring the gracilis muscle 
(Fig. 17.23).

The deep subcutaneous fat in the cheek flap is 
trimmed in order to further minimize soft tissue 
bulk overlying the muscle. Care should be taken 
to avoid overaggressive thinning of this flap, as 
exposure of the dermis to the transplanted muscle 
will result in undesired cutaneous distortion 
 during animation. The gracilis is oriented such 
that the neurovascular hilum is biased toward the 
oral commissure to facilitate anastomosis of the 
nerve and vessels. The anchor sutures are passed 
behind the horizontal mattress sutures previously 
placed in the gracilis (Fig. 17.24), back through 
the perioral tissues and then back through the 
gracilis in a figure of eight manner. This method 
provides precise fixation of the muscle while 

minimizing the likelihood of delayed malposition 
of the muscle (Fig. 17.25).

The upper buccal sulcus adjacent to the canine 
root on the paralysed side is incised, and dissec-
tion proceeds to identify the banked cross face 
nerve graft. If the distal cross face nerve was 
anastomosed to infraorbital nerve branches in the 
first stage procedure, this is divided. Fine Jake 
forceps are used to create a subcutaneous tunnel 
connecting the facial exposure to the upper buc-
cal sulcus, and the obturator nerve supplying the 
gracilis muscle is passed through this tunnel into 
the upper buccal sulcus pocket in preparation for 
neurorraphy.

The operating microscope is brought in, and 
the ends of the donor and recipient nerve and ves-
sels are carefully inspected, sharply trimming 
back to healthy anatomy as needed. At this point, 
excess vessel and nerve is resected, balancing the 
need for tension free anastomosis with elimina-
tion of redundant length. We usually anastomose 
the facial vein before turning our attention to the 
facial artery. Vascular inflow to the transplanted 
muscle can be confirmed using Doppler ultra-
sound, and empirically corroborated by visually 
inspecting the muscle for color and contractility 
(Fig.  17.26). Finally, neurorraphy is performed 
using a combination of 10-0 nylon sutures and 
fast set fibrin glue.

The free end of the gracilis is secured to the 
temporal fascia just superior to the zygomatic 
arch using heavy absorbable sutures placed in 
a horizontal mattress fashion (Fig. 17.27). The 
reconstructed commissure should lie symmet-
rically to the unparalysed side at rest. If there 

Fig. 17.23 The length of gracilis to be procured is deter-
mined by measuring the distance from the commissure to 
the root of the helix, and then adding one centimeter onto 
each end to permit suture placement

Fig. 17.24 The muscle is secured using anchoring 
sutures passed behind the previously placed horizontal 
mattress sutures

Fig. 17.25 The muscle is carefully positioned in the 
facial pocket, and the anchoring sutures secured
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is any small discrepancy in the position of the 
commissure, this can be fine-tuned by slightly 
adjusting the origin of the transplanted muscle 
in a craniocaudal plane. Proper tensioning of 
the gracilis helps restore the physiologic actin- 
myosin relationship of the transplanted mus-
cle, which maximizes muscle excursion 
postoperatively. Overtensioning of the muscle 
is undesirable, and does not resolve over time.

Once the position of the muscle and vector of 
pull is confirmed to be satisfactory, the surgical 
sites are irrigated and checked for hemostasis. 
The rhytidectomy incision is closed in layers 
with absorbable sutures, over top of a Penrose 
drain which is brought out through a separate 
postauricular stab incision. The intraoral expo-
sure is closed under direct vision using absorb-
able monofilament suture, ensuring that the 

nerve is not inadvertently incorporated into the 
wound closure.

All our patients undergoing gracilis muscle 
transplantation have custom thermoplastic oral 
hooks made by occupational therapy. After all 
incisions are closed, the fit of the hook is con-
firmed, and adjusted as needed. The splint should 
be tensioned to provide a small degree of pos-
terolateral traction to the oral commissure to 
offload tension on the reconstruction, and is 
anchored to the hair bearing scalp using a combi-
nation of elastics and silk suture.

As in the first stage cross face nerve graft, a 
labeled strip of tape is applied as a reminder to 
avoid applying pressure to the surgical site. 
Postoperatively, patients are placed on a caf-
feine free soft diet, prophylactic antibiotics and 
chlorhexidine mouthwash. A Foley catheter is 
kept in place overnight to monitor urine output, 
and children are usually kept on bed rest for 
24  h before beginning graduated ambulation. 
Most patients are discharged on postoperative 
day 3–5.

17.3  Complications

The incidence of postoperative complications is 
relatively uncommon. Early complications 
include hematoma, seroma, and infection. There 
should be a low threshold for treating these issues 
in an open matter in the operating theatre. If left 
untreated, these issues have the potential to 
severely compromise muscle function and the 
overall cosmetic result in the long term.

Late complications are difficult to address 
secondarily, and as such, every effort should be 
made in the primary surgery to minimize the 
 likelihood of these issues arising in the first place. 
The most common late complication is facial 
bulk in the region of the transplanted muscle. 
This can be avoided primarily by excluding the 
anterior and posterior segments of the gracilis, 
judicious lipectomy of the deep subcutaneous fat 
in the cheek flap, and excision of the buccal fat 
pad. In the late period, this bulk must be addressed 
by carefully re-elevating the cheek flap, and then 
carefully tangentially excising the subcutaneous 
flap and muscle.

Fig. 17.26 After revascularization and neurorraphy, the 
viability, contractility and position of the transplanted 
muscle can be assessed by stimulating the neural supply 
to the gracilis with a nerve stimulator

Fig. 17.27 The transplanted muscle is seen here, 
anchored to the oral commissure distally and to the tem-
poralis fascia proximally
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Disruption of the muscle insertion at the oral 
commissure and inappropriate tensioning of the 
muscle are especially challenging, and the bene-
fits of repositioning the muscle should be bal-
anced with the expectation of reduced 
commissural excursion. Secondary correction of 
these issues requires careful elevation of not only 
the cheek flap, but the muscle as well. Dissection 
of the deep surface of the muscle must be done 
carefully to avoid compromising the neurovascu-
lar supply to the transplanted muscle. Where the 
muscle insertion has been disrupted, it may be 
possible to release the muscle from its scarred 
attachments, and reanchor it to the commissure. 
In some cases, reinserting the muscle will cause 
overtensioning of the oral commissure. In these 
situations, a short tendon or fascial graft may be 
needed in order to span the distance from the 
gracilis to the oral commissure.

Inadequate muscle excursion is probably the 
most difficult complication to correct second-
arily. Mild deficiencies in muscle excursion can 
potentially be corrected by therapy alone. 
However, moderate to severe restrictions in 
excursion are most effectively addressed by 

excising the previously transplanted muscle and 
performing a new muscle transplant. If inade-
quate neural input is the suspected cause for the 
issues, then it may be useful to biopsy of the dis-
tal end of the cross face nerve graft to assess axo-
nal density. If there is any question regarding the 
quality of neural input provided by the cross face 
nerve graft, there should be a low threshold to 
excise the existing nerve graft, and perform a 
repeat sural nerve harvest and cross face nerve 
grafting. In these cases, great care must be taken 
to avoid creating iatrogenic facial weakness on 
the normal side. Innervation using the ipsilateral 
motor nerve to masseter should remain a consid-
eration for these cases, accepting the fact that 
complete spontaneity may not be possible.

17.4  Conclusion

Two-stage facial reanimation utilizing cross face 
nerve grafting reconstructs not only the physical 
ability to smile, but permits the patient to do so in 
a spontaneous manner (Figs.  17.28 and 17.29). 
By employing techniques described in this chap-

a b

Fig. 17.28 (a) Preoperative view—at rest. (b) Preoperative view—patient attempting to smile
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a b

c

Fig. 17.29 (a) Postoperative view—at rest. (b) Postoperative view—patient asked to generate a small smile. (c) 
Postoperative view—patient asked to generate a full smile

17 Two-Stage Facial Reanimation Using CFNG
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ter such as proper selection and optimization of 
neural input, appropriate positioning and tension-
ing of the muscle, and reducing the amount of 
cheek bulk, clinicians can reliably provide excel-
lent results for patients suffering from unilateral 
facial paralysis.
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Bilateral Facial Reanimation 
in Möbius Syndrome
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and Alexandro Aguilera-Salgado

Key Points
• Single-stage dynamic facial reanimation sur-

gery with gracilis muscle transfer is a safe and 
effective procedure in patients with classic 
Möbius syndrome.

• The masseteric nerve is the optimal motor 
donor in Möbius syndrome due to its proxim-
ity to the surgical site, low donor morbidity 
and ease of dissection.

• The accessory spinal nerve is the second pre-
ferred motor donor owing to its high axonal 
load and constant anatomical location.

• An experienced team is necessary prior to per-
forming simultaneous harvest and insetting of 
two free functional muscle transfers.

• Each patient’s treatment plan should be indi-
vidualized, based on their specific clinical and 
electrophysiological characteristics.

18.1  Introduction

In 1880, Von Graefe reported the association 
between congenital paralysis of the facial and 
abducens nerves; however, it was not until 1892 

that German neurologist Paul Julius Möbius pub-
lished his landmark paper describing of 43 
patients with congenital facial paralysis associ-
ated with other malformations, effectively 
describing the syndrome that would later bear his 
name [1].

Möbius syndrome is a rare disorder, approxi-
mately 300 cases have been described in interna-
tional literature; it is estimated to have an 
incidence of 1 case per 50,000 newborns. Our 
group has recently published the largest series 
worldwide, including 115 patients managed over 
5 years [1].

The syndrome is classically defined as com-
bined bilateral abducens and facial nerve paraly-
sis; it can be accompanied by involvement of 
other nerves, such as the hypoglossus, trigeminal 
or the accessory spinal; other malformations 
commonly encountered in this group of patients 
are limb malformations, cleft palate and congeni-
tal heart disorders [1].

Due to the heterogeneity in the clinical mani-
festations of the syndrome, Terzis et al. proposed 
a simple classification in order to identify key 
diagnostic elements and establish reconstructive 
strategies [2]:

• Classic Möbius: Bilateral paralysis of the 
sixth and seventh cranial nerves.

• Incomplete Möbius: Bilateral paralysis of the 
sixth cranial nerve, and unilateral residual 
function of the facial nerve.
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• Möbius-like: Unilateral facial paralysis 
accompanied by paralysis of another cranial 
nerve, excluding the sixth.

Several surgical procedures may be needed in 
order to treat the whole spectrum of clinical 
manifestations that afflict patients with Möbius 
syndrome, the most common procedures include 
surgical correction of strabismus, congenital 
hand malformations and facial reanimation pro-
cedures [1].

Facial reanimation surgery has remained a 
challenge for years, yet, it holds a special place 
among this group of patients, due to its capacity 
to bring movement to an otherwise inexpressive 
face. Several procedures have been described in 
order to achieve dynamic facial reanimation, nev-
ertheless, owing to advances and standardization 
of microsurgical techniques, the gracilis free 
functional muscle transfer (FFMT) has become 
the procedure of choice [3].

Patients with classic Möbius syndrome require 
the use of extra-facial donor nerves to innervate 
the gracilis muscle; the masseter nerve has 
become the donor of choice by authors such as 
Zuker and Cardenas, however other authors such 
as Terzis and Noah advocate the use of the rarely 
affected accessory nerve, other options include 
the hypoglossus nerve, and in very select cases 
the C4 or C7 motor nerves [2].

Facial reanimation surgery in patients with 
Möbius syndrome has usually been performed in 
stages, starting with the reanimation of one side 
of the face with the FFMT in the first stage, and 
performing a second contralateral flap a few 
months later [4].

Current controversies include the time that 
must awaited between surgeries, and the selec-
tion of donor nerves; for example, Terzis reports 
performing a four-stage reconstruction [5], while 
Zuker has published his experience doing a two- 
stage procedure [6]. Currently, only three groups 
have published reports on single-stage bilateral 
facial reanimation in Möbius syndrome: 
Chuang’s, Woolard’s and our own [4, 7, 8].

In this chapter, we present the senior author’s 
experience performing single-stage bilateral 
facial reanimation surgery in patients with classic 
Möbius syndrome.

18.2  Preoperative Evaluation

Every patient is evaluated at the peripheral nerve 
clinic, the diagnosis of classic Möbius syndrome 
is confirmed by a multidisciplinary team after a 
thorough clinical and neurophysiological evalua-
tion, and the patients are grouped according to 
Terzis’ classification [2]. A detailed neurological 
evaluation is performed, including any of the 
possible motor donor nerves in order to develop a 
customized surgical plan. Photography and video 
recordings are mandatory, they should document 
the face at rest and during maximum contraction 
both pre and postoperatively.

18.3  Surgical Technique

Two surgical teams work simultaneously during 
the procedure. The first team begins the operation 
on the right side of the face using a preauricular 
incision with temporal and mandibular exten-
sions; the cheek flap is dissected in a subcutane-
ous plane above the parotid fascia. Dissection is 
carried anteriorly until finding the anterior border 
of the masseter muscle, the zygoma corresponds 
to the superior limit of dissection, while the man-
dibular border is the lower limit. At the anterior 
border of the masseter the facial vein is identified 
and dissected toward the oral commissure. The 
buccal fat pad is extracted carefully using blunt 
dissection, and afterwards the facial artery is dis-
sected. Should the facial vessels be absent or 
small, then the superficial temporalis artery and 
vein are identified and dissected; once the artery 
and vein have been identified and dissected surgi-
cal clips are applied distally.

The surgeon then identifies the orbicularis 
muscle, the modiolus and zygomatic muscles, a 0 
vicryl suture is applied to each of these land-
marks, applying a figure-of-eight anchoring 
suture. Once the sutures have been positioned, 
one should verify that a nasolabial fold is recre-
ated when traction is applied.

The next step is to identify and dissect the 
chosen donor nerve. When the masseteric nerve 
is selected, the border of the zygomatic arch is 
followed until the mandibular notch is reached, at 
that point a 2  cm incision parallel to the zygo-
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matic arch is performed, and blunt dissection is 
performed rejecting the parotid gland until reach-
ing the masseter muscle fibers; once the nerve is 
has been isolated it is transected at its most distal 
portion and directed outwards (Fig. 18.1). If the 
accessory spinal nerve is selected we perform a 

longitudinal incision over the posterior border of 
the ipsilateral sternocleidomastoid muscle, the 
great auricular nerve is identified as it travels cra-
nially over the sternocleidomastoid muscle, par-
allel and posterior to the external jugular vein, 
with careful blunt dissection just deep to the 
investing fascia, the accessory nerve will be 
found at approximately 1 cm cranially. The nerve 
is dissected until branching begins, at this point it 
is transected and directed toward the mandibular 
angle through a subcutaneous tunnel (Fig. 18.2).

Meanwhile, the second surgical team begins 
harvesting the gracilis muscle. A short 7 cm skin 
incision over the posterior border of the adductor 
longus muscle is made, approximately 3  cm 
below the inguinal crease. Blunt dissection is 
performed until the gracilis muscle belly is iden-
tified. Circumferential dissection of the muscle 
begins by surrounding its proximal and distal 
edges using a penrose drain to use for traction. 
The obturator nerve is identified and stimulated 
to verify adequate contraction of the muscle, and 
it is followed until its emergence at the foramen 
obturatum; afterwards, the adductor longus mus-
cle is rejected and the vascular pedicle is identi-
fied, it is carefully dissected until its origin at the 
femoral vessels.

Gracilis muscle
flap

Obturator nerve

Masseteric nerve

Fig. 18.1 Diagram of a bilateral gracilis FFMT with neu-
rotization of the obturator nerve to the masseteric branch 
of the trigeminal nerve

Gracilis muscle
flap

Obturator
nerve

Spinal
accessory

nerve

Fig. 18.2 Diagram of a 
bilateral gracilis FFMT 
with neurotization of the 
obturator nerve to the 
accessory spinal nerve
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Once the neurovascular pedicle has been ade-
quately identified and isolated, the gracilis mus-
cle is trimmed into a trapezoid shape based on the 
measurements made by the face team, adding one 
extra centimeter to allow suturing at the edges. 
Transection of the muscle is made using two 
passes of a GIA 60  mm intestinal stapler 
(MEDTRONIC, Minneapolis, US), one in longi-
tudinal and the other one in transverse direction. 
Once dissection on the face has been completed 
the vascular pedicle is divided using surgical 
clips and the nerve is transected.

The muscle is transferred to the first team and 
an incision is made at the proximal tendon, creat-
ing a V-shaped end. Using the stitches previously 
anchored to the nasolabial fold the extremes and 
center of the V are sutured and lowered to position 
the muscle. Following this, the neurorrhaphy is 
performed to the donor nerve using an end-to- end 
technique with two 10-0 nylon sutures and apply-
ing fibrin gel once it is completed. Finally, the 
artery and veins are anastomosed in an end- to- end 
fashion with 10-0 nylon sutures. After the neuro-
vascular repairs, the distal end of the muscle is 
anchored to the preauricular fascia with mattress 
sutures, if there is any redundant muscle tissue it 
should be removed to achieve adequate tension, 
which is seen as a slight pull of the commissure.

At this time the leg team proceeds to harvest 
the second gracilis muscle from the contralateral 
leg, and the rest of the procedure proceeds in a 
similar fashion to the contralateral side.

18.4  Postoperative Period 
and Follow-Up

After the procedure the patients remain in the 
recovery room for 1–2 h and are transferred to the 
plastic surgery ward. They are hospitalized for 5 
days and are evaluated hourly with a Doppler 
probe to verify the permeability of the vascular 
anastomosis. Prophylactic antibiotics, analgesia, 
and thromboprophylaxis are administered.

Follow-up is done at the peripheral nerve 
clinic from our hospital. A rehabilitation regime 

tailored to the donor nerve begins 3 weeks after 
the procedure, first by repetition of the move-
ments associated to the motor donor, and once 
commissure excursion is detected the patient 
should practice in front of a mirror (Figs.  18.3 
and 18.4).

18.5  Results

The protocol has been applied to four patients (2 
males, 2 females) with a mean age of 9  years 
(range 4–22). Eight flaps were performed in total, 
four connected to the masseteric branch of the 
trigeminal nerve, and the rest to the accessory 
spinal. All surgical interventions were performed 
by the senior author (Dr. Cardenas). Mean dura-
tion of the surgical procedures was 6.5  h. No 
short or mid-term complications have been iden-
tified, all flaps survived and no reinterventions 
were necessary.

The rehabilitation protocol was tailored to the 
donor nerve used: masticatory movements for the 
masseteric nerve and shoulder elevation for the 
accessory spinal. Mean time to obtain muscle 
contraction has been 12 weeks for the right side 
(range 10–24  weeks) and 15  weeks for the left 
side (range 12–30  weeks). Once contraction is 
seen we initiate a smile rehabilitation protocol in 
front of a mirror, in order for the patient to iden-
tify the movements that trigger commissure con-
traction. Mean follow-up has been 43  months 
(39–48).

Two independent surgeons analyzed pre and 
postoperative photographs and recordings of the 
patients and use Terzis’scale to evaluate aes-
thetic and functional outcomes. Every patient 
had an initial score of I, and got to a level III 
after the procedure and rehabilitation. Chuang’s 
scale was used as well, every patient improved 
from a basal score of 0.25 to a grade 2. Better 
results were obtained in patients whose muscle 
was connected to the accessory spinal nerve. A 
satisfaction questionnaire was applied to all 
patients using Likert scale, mean satisfaction 
value was 3.
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Fig. 18.3 (a) Preoperative clinical photography of a patient with classical Möbius syndrome. (b) 48-month follow-up 
photography after single-stage bilateral gracilis transfer neurotized to the masseteric nerve

a b

Fig. 18.4 (a) Preoperative clinical photography of a patient with classical Möbius syndrome. (b) 39-month follow-up 
photography after single-stage bilateral gracilis transfer neurotized to the spinal accessory nerve
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18.6  Discussion

Dynamic facial reanimation in Möbius syndrome 
has been extensively described and includes a 
wide range of procedures: from regional muscle 
transfers (temporalis, masseter, platysma) to 
FFMT, out of which the gracilis muscle has 
become a “the” workhorse flap. The main objec-
tives in this group of patients are to obtain a sym-
metrical, aesthetically pleasing and spontaneous 
smile through adequate excursion of the trans-
ferred muscle [1].

As previously mentioned, patients with classic 
Möbius syndrome suffer from bilateral facial 
paralysis, resulting in a mask-like expressionless 
look. This highly specific group of individuals 
will require several surgical interventions 
throughout their lives in order to correct the mal-
formations associated with the entity [1].

Several reconstructive surgery centers around 
the world have shared their protocols for dynamic 
facial reconstruction in Möbius syndrome, each 
with differing opinions as to the number of sur-
geries required and the amount of time to wait 
between procedures. Terzis reported six cases of 
patients with Möbius syndrome, each recon-
structed in four stages, two for elongation of the 
donor nerves and two for flap harvesting, with a 
period between 7  months and 2 years between 
procedures. Zuker reported using a two-stage 
protocol with and interim of 3 months between 
procedures. Lischez uses a similar protocol, but 
awaits 1 year between procedures [6, 9].

Regardless of any author’s preferences, stag-
ing of dynamic facial reanimation has been a 
common practice around the world. As of today 
only three centers have proposed performing 
single- stage bilateral facial reanimation in 
Möbius syndrome: Woollard operated on 8 
patients using the masseter nerve to reanimate 
bilateral segmental lattissimus dorsi flaps [8]; 
Chuang published a series of six patients submit-
ted to bilateral reanimation using the gracilis 
muscle and spinal accessory nerve [7]; recently, 
in 2018 Aguilera-Salgado and Cardenas pub-
lished their initial experience in four patients per-
forming bilateral gracilis flaps connected to the 

masseter or spinal nerves [4]. All authors reported 
satisfactory results.

Single-stage bilateral facial reanimation has 
several potential advantages: it reduces the num-
ber of hospital admissions and anesthetic epi-
sodes, lowers global expenses and allows the 
prompt start of a rehabilitation protocol for both 
hemi faces [9]. The main critique to our protocol 
has been the theoretical increase in the rate of 
complications owing to the extended duration of 
the procedure, however thanks to the experience 
acquired by the authors and the presence of two 
surgical teams working simultaneously our mean 
surgical time is 6½ h, with no severe complica-
tions having been observed.

Flap failure is a topic that has not been dis-
cussed. In our clinic orthodromic transfer of the 
temporalis muscle, as described by Dr. Viterbo, is 
the procedure of choice when the gracilis muscle 
is not available [10]. However, in cases of unilat-
eral failure the surgeon should evaluate the need 
to dismantle both gracilis flaps and do the Viterbo 
procedure bilaterally, as to avoid major asymme-
try of the traction vector and volume of the 
cheeks.

Selection of a donor nerve continues to be a 
highly debated topic. Unlike patients with incom-
plete Möbius syndrome in whom the contralat-
eral branch of the facial nerve as donor nerve, 
patients with classic Möbius require use of extra- 
facial donors such as the masseter branch of the 
trigeminal nerve, hypoglossal, spinal nerve, 
phrenic, and even cervical motor branches. In the 
senior author’s experience, the masseter nerve 
has become the donor of choice due to its prox-
imity to the surgical site, minimal morbidity and 
ease of dissection, followed by the accessory spi-
nal if the masseter is not available [10].

18.7  Summary

Single-stage dynamic facial reanimation surgery 
with gracilis muscle transfer has proven to a safe 
and effective procedure in patients with classic 
Möbius syndrome. Each patient’s treatment plan 
should be individualized, based on their specific 
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clinical and electrophysiological characteristics. 
An experienced team is necessary prior to per-
forming simultaneous harvest and insetting of 
two free functional muscle transfers.
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Dual Innervation of Free Muscle 
Transfer with Masseter and CFNG

Alexander Cardenas-Mejia 
and Jose E. Telich-Tarriba

Key Points
• Dual innervation of the gracilis muscle flap 

with a CFNG and the masseter nerve is a safe 
and effective procedure in patients with long- 
standing unilateral facial paralysis.

• The dual innervation technique takes advan-
tage of the symmetry and spontaneity derived 
from the use of the CFNG and the strong con-
traction and quick reinnervation from the mas-
seter nerve.

• Dual innervation procedures can be performed 
in one or two stages; no technique has proven 
to be superior.

• Timing between surgical stages and configu-
ration of the nerve anastomoses should priori-
tize axon sprouting from the CFNG, therefore 
we recommend a two-stage procedure anasto-
mosing the CFNG close to the hilum

• An intense postoperatory rehabilitation proto-
col is mandatory.

19.1  Background

Facial paralysis is a deeply disabling condition; 
adequate function of the mimetic musculature is 
essential for both verbal and non-verbal commu-
nication. Furthermore, the facial nerve is also 
responsible for providing ocular protection, ade-
quate nasal airflow, articulation of speech, and 
oral continence. Etiology of long-standing unilat-
eral facial paralysis can be heterogeneous, rang-
ing from developmental defects like craniofacial 
microsomia, to traumatic, infectious, or iatro-
genic causes [1].

Smile restoration surgery has been thoroughly 
proven to improve quality of life, however, 
decision- making in the surgical management of 
long-standing facial paralysis remains challeng-
ing owing to the variety of facial reanimation 
procedures available nowadays. Despite this, the 
goals of all procedures remain constant: restora-
tion of facial symmetry at rest, and achievement 
of a spontaneous and symmetric smile [1].

The earliest surgical procedures for facial 
paralysis correction were aimed toward static 
repositioning of facial tissues. Dynamic facial 
reanimation was born in 1879 when Drobnik 
executed a facial to spinal-accessory nerve anas-
tomosis, later, Werner Körte performed the first 
hypoglossal to facial nerve transfer in 1901. 
These procedures were further developed by Sir 
Charles Ballance, who published his findings in 
1931. Modern facial nerve microsurgery was 
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started by Sir Terrence Cawthorne who did the 
first repair of a facial nerve using an operative 
microscope in 1938. The cross-face nerve graft 
(CFNG) was developed independently by 
Scaramella and Smith, and later popularized by 
Anderl in the seventies. In 1976, Harii first pub-
lished his experience on gracilis muscle transfer 
for facial reanimation; later on O’brien proposed 
a modified technique coapting the obturator 
nerve to a CFNG in lieu of the deep temporal 
nerve.

Free Functional Muscle Transfer (FFMT) is 
currently the gold standard in treatment for 
 long- standing unilateral facial paralysis. The 
gracilis muscle has become the most used flap, 
owing to its constant neurovascular anatomy, 
acceptable donor-site morbidity, and adequate 
excursion. Most surgeons prefer applying the 
traditional two-stage technique described by 
O’brien, in which a CFNG connected to a con-
tralateral facial nerve branch is performed in the 
first procedure, and a gracilis muscle transfer is 
done in a second procedure once the regenerated 
axons in the graft have reached the paralyzed 
side [2].

Use of the contralateral facial nerve connected 
to a CFNG has the advantage of allowing syn-
chronic and spontaneous movement, however, 
the main drawback of the technique is the low 
number of axons that reach the target muscle, 
resulting in weak contraction. Extra-facial donors 
have usually been reserved to cases in which the 
contralateral facial nerve is not available, such as 
patients with Möbius syndrome; these motor 
donors have the advantage of possessing a high 
axonal count, resulting quick reinnervation and 
strong contractions, however they require the 
patient to perform concurrent voluntary move-
ments in order to activate the flap [3].

Among extra-facial donors, Zuker popular-
ized the use of the trigeminal’s nerve to the mas-
seteric muscle. This nerve has several advantages 
that make it well suited for facial reanimation 
surgery, such as its proximity to the surgical site, 
consistent location, limited donor-site morbidity, 
high-density axonal load, and ease for rehabilita-
tion, therefore it has become the standard source 

of innervation for FFMT in several hospitals 
around the world, including ours. Some authors 
have hypothesized that the similarity between the 
biting and smiling movements, as well as the 
proximity of the cortical representation of the 
facial and masseter muscles might be able to gen-
erate a spontaneous smile due to cerebral plastic-
ity, however this has not been fully demonstrated 
in the clinical setting [4].

Thus, selection of an ideal donor nerve in uni-
lateral facial paralysis reconstruction remains an 
issue, it would seem like the surgeon is forced to 
choose between a technique that ensures the reli-
able recovery of function, or one that achieves 
symmetry and spontaneity [2].

Dual innervation or axonal supercharge is a 
technique that aims to obtain innervation from 
multiple neural sources in order to gain a more 
reliable recovery of the target musculature; 
Yamamoto et al. first published its use for facial 
reanimation by combining input from the hyo-
glossus nerve and the facial nerve to treat recent 
onset paralysis. The idea of combining the use of 
the facial and masseter nerve stimulus seeks to 
take advantage of the strengths of both neural 
sources: symmetry and spontaneity from the for-
mer and quick reinnervation and contraction 
force from the latter [5].

In this chapter we present the senior author’s 
experience using a dually innervated gracilis 
muscle fabricated in two stages.

19.2  Surgical Technique

19.2.1  First Stage

The goal of the first stage of the procedure is to 
perform a CFNG using the contralateral buccal 
branch of the facial nerve.

A preauricular incision is made on the healthy 
side of the face, a cheek flap is dissected anteri-
orly until the buccal branch of the facial nerve is 
identified with help of an electrostimulator and 
transected. Simultaneously, a 20–25  cm sural 
nerve graft is harvested by a second team and 
transferred to the face, placing it in an ortho-
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dromic fashion. An end-to-end anastomosis to 
the previously identified buccal branch is per-
formed, then the distal end of the graft is tied to a 
blunt tendon passer and is passed to the contralat-
eral side through the upper lip, where it is banked 
beneath the nasolabial fold.

19.2.2  Second Stage

The second stage of the operation is carried out 
once reinnervation of the CFNG has been con-
firmed by Tinnel sign and neuroconduction stud-
ies, three to four months later.

Two surgical teams work simultaneously. The 
head team begins the operation by making a pre-
auricular incision on the paralyzed side; the 
cheek flap is dissected in a subcutaneous plane 
above the parotid fascia. Dissection is carried 
anteriorly until the anterior border of the masse-
ter muscle is found; the zygoma corresponds to 
the superior limit of dissection, while the man-
dibular border is the lower limit. At the anterior 
border of the masseter the facial vein is identi-
fied, and directly anterior to it is the facial artery. 
Both vessels are dissected toward the oral com-
missure, divided and pulled toward the incision 
(If the facial vessels are absent or small, the 
superficial temporalis artery and vein are dis-
sected). The buccal fat pad is extracted carefully 
using blunt dissection in an attempt to decrease 
tissue bulk.

The surgeon then identifies the orbicularis 
oris, the modiolus and zygomatic muscles, and 
applies 0 vicryl sutures to each landmark, using 
figure-of-eight stitches as anchoring technique. 
Once the sutures have been positioned the naso-
labial fold should be recreated when traction is 
applied.

The next step is to identify and dissect the 
banked CFNG and the masseteric nerve. The 
CFNG should be harvested from the spot where it 
was planted; the masseteric nerve is identified by 
performing blunt dissection at the mandibular 
notch, rejecting the parotid gland and the masse-
ter muscle fibers; once the nerve has been iso-

lated it is transected at its most distal portion and 
directed outwards.

While the first team works on the head, the 
second surgical team harvests the gracilis mus-
cle. A short 7 cm skin incision over the posterior 
border of the adductor longus muscle is made, 
approximately 3  cm below the inguinal crease. 
Blunt dissection is performed until the gracilis 
muscle belly is identified. Circumferential dis-
section of the muscle begins by surrounding its 
proximal and distal edges using a penrose drain 
to use for traction. The obturator nerve is identi-
fied and stimulated to verify adequate contraction 
of the muscle, and it is followed until its emer-
gence at the foramen obturatum; afterwards, the 
adductor longus muscle is rejected and the vascu-
lar pedicle is identified, it is carefully dissected 
until its origin at the femoral vessels.

Once the neurovascular pedicle has been ade-
quately identified and isolated, the muscle is 
trimmed into a trapezoid shape based on the mea-
surements made by the face team, adding one 
extra centimeter to allow suturing at the edges. 
The muscle is transected with a GIA 60  mm 
intestinal stapler (MEDTRONIC, Minneapolis, 
US). Once dissection on the face has been com-
pleted the vascular pedicle is divided using surgi-
cal clips and the nerve is transected.

The muscle is transferred to the face and an 
incision is made at the proximal tendon, creating 
a V-shaped end. Using the stitches previously 
anchored to the nasolabial fold the extremes and 
center of the V are sutured and lowered to posi-
tion the muscle. An end-to-end anastomosis is 
performed between the distal end of the CFNG 
and the obturator nerve, and then an end-to-side 
coaptation from the masseteric nerve to the obtu-
rator nerve about 1  cm proximal to the gracilis 
muscle hilum. Finally, the vascular anastomoses 
are made in an end-to-end fashion (Fig. 19.1).

After the neurovascular repairs, the distal end 
of the muscle is anchored to the preauricular fas-
cia with mattress sutures, any redundant muscle 
tissue is removed to until adequate tension is 
achieved, which is seen as a slight pull of the 
commissure.
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19.3  Postoperative Period 
and Follow-Up

After the procedure the patients remain in the 
recovery room for a couple of hours and are 
transferred to the plastic surgery unit afterwards. 
They remain hospitalized for 5 days and are 
evaluated hourly with a Doppler probe to verify 
the permeability of the vascular anastomosis. 
Prophylactic antibiotics, analgesia, and throm-
boprophylaxis are administered.

Follow-up is done at the peripheral nerve 
clinic from our hospital. Rehabilitation is started 
3 weeks after the procedure by making mastica-
tory exercises, once the gracilis shows signs of 
contraction the smile rehabilitation protocol is 
started in front of a mirror, so the patient identi-
fies the triggers for symmetric and independent 
commissure contraction (Figs. 19.2 and 19.3).

19.4  Discussion

Dual innervation for muscle flaps in facial reani-
mation is an idea that has been scarcely 
researched. The first report of such a technique 
was published by Labbé in 2002, who super-
charged a temporalis myoplasty with a CFNG 
connected to the deep temporalis nerve [6]. 
However, Wantanabe was the first to attempt dual 
innervation of a free flap, by anastomosing a lat-
tissimus dorsi to the contralateral facial nerve, 
and positioning its ilium in close contact with a 
denuded area of the masseter muscle [7], the 
technique was later modified by Okazaki [8] by 
doing a true anastomosis to the masseter nerve. 
Use of the gracilis muscle flap transfer with a 
dual neural source has been previously reported 
and studied by few peripheral nerve clinics 
around the globe [2, 9, 10] (Table 19.1).

Gracilis muscle
flap

Obturator nerve

Masseteric nerve

Facial nerve

Sural nerve
graft

Fig. 19.1 Diagram of a 
dually innervated 
gracilis FFMT with 
neurotization of the 
obturator nerve to the 
masseteric branch of the 
trigeminal nerve and the 
contralateral facial nerve
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a b

Fig. 19.2 (a) Preoperative clinical photography of a child with incomplete Möbius syndrome. (b) 3-year follow-up 
photography after dually innervated gracilis FFMT

a b

Fig. 19.3 (a) Preoperative clinical photography of a male patient with unilateral facial paralysis. (b) 12-month follow-
 up photography after single-stage bilateral gracilis transfer neurotized to the spinal-accessory nerve
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Our technique was developed in an effort to 
treat patients who failed to show contraction of 
the transplanted muscle after a conventional two- 
stage procedure with a CFNG, these patients 
were taken to the operating room to perform a 
masseteric nerve transfer to the obturator nerve in 
order to avoid complete denervation. A second 
source of inspiration were patients with incom-
plete Möbius syndrome, who have residual motor 
function on one side of the face, but not enough 
to power a free flap. We have currently extended 
the use of the technique to most patients treated 
for long-standing unilateral facial paralysis [9].

Two controversies arise from the several dual 
innervation techniques published. The first is the 
amount of stages necessary to complete the 
reconstruction; despite good and reproducible 
results obtained with the two-stage procedure, 
dual innervation one-stage procedures have been 
reported in an attempt to get the same results in a 
shorter time frame [2, 7], however in this sce-
nario it is possible that by the time the CNFG 
axons reach the gracilis, nerve sprouts from the 
masseter nerve could have already occupied the 
available motor units, thus negating the effects of 
the contralateral facial nerve. In contrast, our 
technique requires two stages, involving a CFNG 
in the first and a gracilis muscle flap with dual 
neural input in the second, thus allowing axons 
from both sources to recruit major motor units.

The second controversy pertains to the con-
figuration in which the nerve anastomoses are 
built. Most techniques tend to combine end-to- 

end and end-to-side neurorrhaphies, following 
the recommendations made in from Dr. Viterbo’s 
research [9]. In our series a CFNG to obturator 
nerve end-to-end coaptation is done first, while a 
masseteric to obturator nerve anastomosis is per-
formed in an end-to-side configuration; Dr. 
Biglioli reported a reverse setup, with the mas-
seteric nerve connected in an end-to-end fashion 
and the CFNG anastomosis done end-to-side [2]; 
in a preliminary report Dr. Hadlock described 
performing coaptation of both motor donors in a 
parallel end-to-end fashion [10] (Fig.  19.4). 
Despite the several setups described in the litera-
ture, no evidence exists proving a one configura-
tion is superior to the rest. In our opinion a 
two-stage procedure and anastomosing the 
CFNG close to the muscle hilum could maximize 
the number of neuromuscular junctions inner-
vated by the contralateral facial nerve, leaving 
the remainder to be repopulated by the masseter 
nerve.

Future challenges in the field are centered 
upon comparing the dual innervated technique 
against single-innervated gracilis flap, as well as 
evaluating the differences between single versus 
two-stage procedures, ideally by employing stan-
dardized tools. New sources of dual innervation 
are currently being evaluated for patients in 
whom the masseteric nerve is unavailable, with 
the accessory spinal becoming a strong candidate 
due to its high axonal load and capability of 
obtaining excursion independently from shoulder 
movement.

19.5  Summary

Dual innervation for gracilis muscle transfer with 
a CFNG and the masseter nerve is a reproducible 
surgical technique that yields consistent results 
for the treatment of long-standing unilateral 
facial paralysis. Timing between surgical stages 
and configuration of the nerve anastomoses 
should prioritize axon sprouting from the CFNG, 
therefore we recommend a two-stage procedure 
anastomosing the CFNG close to the hilum.

Table 19.1 Summary of the dual innervated facial reani-
mation techniques reported in the literature

Author Patients (n) Flap Stages
Labbe (2003) 5 Temporalis Two
Wantanabe 
(2009)

3 Lattissimus 
dorsi

One

Biglioli (2012) 4 Gracilis One
Cardenas (2014) 9 Gracilis Two
Mutsumi (2015) 4 Lattissimus 

dorsi
One

Sforza (2015) 13 Gracilis One
Dusseldorp 
(2018)

26 Gracilis Two
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Simultaneous Use of Static 
Support and Free Muscle Transfer

Anouk J. M. Cornelissen and Shai M. Rozen

Key Points
• With the end in mind, aesthetic reconstruction 

should always be ultimate treatment goal in 
facial palsy patients.

• Optimizing aesthetic results requires combin-
ing both dynamic and static techniques 
addressing both symmetry at rest and in 
motion.

• Restoring symmetry at rest is no less impor-
tant than restoring motion since most human 
interactions and time spent are in repose rather 
than smiling.

• Non-facial donor nerves for either nerve trans-
fer or for neurotization of a free functional 
muscle in the flaccid facial palsy patient don’t 
usually provide tone, therefore the use of 
static support is generally necessary to restore 
symmetry at rest.

• While the flaccid facial palsy patient benefits 
from static support, the synkinetic facial palsy 
patients does not require static support but 
rather targeted weakening of antagonistic 
muscles.

20.1  Introduction

Regardless of technique, the way patients feel 
about themselves and how they are perceived by 
society, are the most important goals for the 
patient and subsequently the reconstructive sur-
geon. To obtain this goal, the surgeon must rec-
ognize the importance of optimizing both 
function and aesthetics. Psychological distress as 
a result of social facial discrimination, has been 
suggested as the main reason facial palsy patients 
undergo surgery [1]. Facial discrimination stems 
from facial asymmetry both during expression 
due to loss of motion and at rest due to loss of 
tone.

The literature is abundant in descriptions of 
dynamic reanimation techniques, but less detailed 
on addressing asymmetry at rest. Restoring smile 
symmetry is without a doubt important in nor-
malizing expression; however, restoring symme-
try is paramount in patients with facial palsy 
since the majority of the time spent by humans is 
in repose. Moreover, slight smile asymmetries 
are considered within normal range in humans 
while asymmetry at rest is more often considered 
abnormal and often mimics the appearance of a 
stroke patient. Also, smile asymmetry can be hid-
den by simply minimizing either frequency or 
degree of smile in contrast to rest asymmetry 
which is immediately noticeable and difficult to 
camouflage [2].
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Facial palsy treatment should therefore not 
solely focus on restoring facial motion but also 
tone to obtain an optimal result. In the attempt to 
achieve this, surgeons must not limit themselves 
to a single approach but rather consider all avail-
able surgical tools despite the traditional ten-
dency to classify dynamic vs. static or aesthetic 
vs. functional procedures. The exact chosen sur-
gical approach depends on several variables as 
patient presentation (flaccid vs. partial vs. synki-
nesis), palsy duration (acute vs. subacute, vs. 
longstanding) and etiology (cancer vs. benign vs. 
infectious), nerve continuity (residual vs. recon-
structed nerve continuity vs. no nerve  continuity), 
and more. Also, depending on the donor nerve, 
the balance between motion and tone may differ. 
In addition to the facial nerve providing more 
spontaneity than a non-facial nerve, it also pro-
vides more tone than non-facial donor nerves. 
Yet, if the axonal input is supplied via a cross 
facial nerve graft, muscle power and excursion 
may decrease and likely provide less strength 
than an ipsilateral non-facial nerve. Conversely, 
non-facial nerve donor nerves tend to provide 
less tone and therefore concomitant static proce-
dures are usually necessary. This chapter will 
focus on the simultaneous use of dynamic and 
static procedures and their suitability based on 
patient presentation.

20.2  Patient Presentation

Nearly all patients present at first as complete, 
flaccid facial palsy. However, the flaccid presen-
tation may change within weeks to months 
depending on etiology and patient characteris-
tics. Some patients remain with complete flaccid 
facial palsy, while others develop incomplete 
facial palsy or might even reach full recovery. 
Incomplete facial palsy patients may further 
divide into two groups—incomplete weak facial 
palsy patients who regain some facial tone and 
varying degrees of weaker motion, or incom-
plete synkinetic facial palsy patients presenting 
with a “tight face” i.e., hypertonicity and synki-
netic motion also known as paradoxical facial 
movement.

The synkinetic patient is characterized by 
facial hypertonicity, often with an exaggerated 
pull toward the palsied side, and associated with 
involuntary motion in one area of the face while 
attempting to move the other. The flaccid and 
partial weak patients should be viewed differ-
ently from the synkinetic patients since presenta-
tion and treatment are different and often 
opposing.

20.2.1  Complete Flaccid Facial Palsy

Since the facial nerve carries within it parasym-
pathetic, sensory, special sensory, and motor 
fibers, palsy of the facial nerve may affect all 
aspects of innervations, including decreased lac-
rimation, loss of taste in the anterior two-thirds of 
the tongue, loss of sensation in a small portion of 
the external auditory canal, and of course facial 
motion. It is beyond the scope of this chapter to 
review the entire macro and microanatomy of the 
facial nerve but it is highly suggested that readers 
familiarize themselves with the anatomy of the 
facial nerve from its cortical representation to the 
brain stem (upper motor neuron) and from the 
facial nerve nuclei in the brain stem, via the inter-
nal auditory canal through the intratemporal bony 
portion until it leaves the skull through the sty-
loid foramen and divides into its peripheral 
branches and reaches the mimetic muscles (lower 
motor neuron). Complete loss of tone and motion 
is seen in these patients (Fig. 20.1) and they are 
characterized by a hemi flaccid face often drawn 
to the contralateral side due to the unopposed 
pulling forces of the normal side. In most patients 
with lower motor neuron injury the entire hemi 
face is affected (unless singular peripheral 
branches are injured) while in the less commonly 
seen upper neuron palsy patients the contralateral 
forehead is often spared.

20.2.1.1  Mid and Lower Face
Midface paralysis is characterized by the inabil-
ity to move the lips and cheek. The failure to 
smile and express happiness often concerns 
patients the most, directly impairing social com-
munication. Additionally, patients will also often 
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complain of slurred speech, drooling, and food 
boluses collecting in the buccal sulcus. In repose, 
asymmetries increase as patients’ further age, 
likely due to a combination of volume loss, weak-
ening of the true and false facial ligaments, and 
loss of skin tone (Fig. 20.1). Philtral deviation is 
typically seen toward the healthy side, while 
increased philtrum to oral commissure distance 
due to orbicularis oris muscle loss of tone, a flat-
tened nasolabial fold and collapsed nasal vesti-
bule causing obstruction of the nasal airway are 
all present on the paralyzed side. In motion dur-
ing speech or smile the asymmetry tends to 
worsen due to increased pull from the contralat-
eral healthy side and lower lip asymmetries are 
considerably more noticeable when the depres-
sors of the lip pull the lip downward on the 
healthy side while the lip remains elevated on the 
palsied side.

20.2.1.2  Periorbital
The periorbital region is significantly affected by 
paralysis and takes high priority in the treatment 
scheme. The cornea of palsy patients is at great 
risk for keratitis, which may further develop into 
ulcerations, scarring, and in severe cases blind-
ness. Complete facial palsy patients are unable to 
close their upper eyelid due to paralytic lagoph-
thalmos and loose tone of the lower eyelid result-
ing in lower lid malposition or ectropion. 
Additionally, patients usually complaint of dry 
eyes due to decreased tear production from the 
lacrimal gland combined with excessive tearing 
due to an inferior clearing of tears due to lower 
lid malposition and malfunctioning lacrimal sac 
“pump” normally created by the orbicularis 
occuli muscle [3]. Perhaps one of the most appar-
ent signs identifying flaccid palsy patients is the 
widened palpebral aperture and increased sclera 

a b

Fig. 20.1 A 67-year-old man 7 months after resection of hemangiopericytoma prior to reanimation with a masseter to 
facial nerve transfer. (a) Repose, (b) Animating
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show which is all too often neglected in treatment 
(Fig. 20.2a, b).

20.2.1.3  Forehead
Although forehead asymmetry is the less com-
mon complaint of palsy patients it can be a sig-
nificant contributor to asymmetry. At rest severe 
brow ptosis may not only obstruct vision, but also 
suggest the impression of an unhappy or serious 
face which may in turn hinder communication. 
This asymmetry can be accentuated by increased 
activity of the frontalis muscle of the unparalyzed 
side during conversation or emotional interac-
tions (Fig. 20.2a).

20.2.2  Incomplete Facial Palsy

Partial facial paralysis patients can be seen in two 
types of presentations: Less commonly, in 
patients with partially normal and partially 
injured facial nerve branches as seen after trauma 
or surgery or more commonly, in patients with 
pan facial weakness who reach this stage after a 
period of recovery from a complete palsy yet fail 
to reach complete recovery. The latter group of 
patients usually present in two typical appear-
ances: incomplete weak facial palsy or incom-
plete synkinetic facial palsy. Common to all of 
these patients, is that their facial nerve is by defi-
nition anatomically intact.

20.2.2.1  Incomplete Weak Facial 
Palsy

Incomplete weak facial palsy patients are similar 
to complete facial palsy patients aside from some 
remaining tone and movement. The degree of 
tone and movement may vary and therefore treat-
ment strategy may vary. Treatments may include 
small balancing procedures of the contralateral 
healthy side in cases of very mild weakness or 
incorporate the full array of options used in 
patients with complete paralysis. For these rea-
sons, the treatment of these patients will not be 
discussed separately and is quite similar to that of 
complete facial palsy patients.

20.2.2.2  Incomplete Synkinetic Facial 
Palsy

Synkinesis is defined as involuntary and uncoor-
dinated mimetic muscle motion creating para-
doxical facial movements. Around 15% of 
incomplete facial palsy patients will develop syn-
kinesis [4]. Synkinesis may be a result of abnor-
mal nerve sprouting during recovery, although 
the exact mechanism remains unclear. The time 
until onset of synkinesis after facial nerve injury 
can vary between 3.5 and 12 months [5].

The spectrum of synkinetic motion varies by 
facial subunit and by severity. The most common 
synkinetic motion observed is oral-ocular synki-
nesis (involuntary eye closure during voluntary 
mouth movement) (Fig.  20.3b) and ocular-oral 

a b

Fig. 20.2 A 73-year-old woman approximately 6 months after acoustic neuroma resection performed at outside hospi-
tal. (a) Ectropion, (b) paralytic lagophthalmos
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synkinesis (involuntary mouth movement during 
voluntary eye closure) (Fig. 20.3c). Another par-
adoxical facial motion also seen is strong antago-
nistic muscle activity of the depressor anguli oris 
(DAO) and platysma during attempted smile, 
often preventing a full unopposed lifting of the 
lip (Fig. 20.3b).

The spectrum of synkinesis severity is also 
broad; some patients might only show mild to 
moderate involuntary movements, while others 
will experience continuous painful spasm of the 
face.

20.2.2.3  Mid and Lower Face
As opposed to flaccid palsy, the nasolabial fold is 
often more pronounced on the paralyzed side. 
Additionally, patients with synkinesis will often 
have a tight “frozen” paralyzed midface some-
times appearing as a constant grin often with 
pulling of the upper lip and modiolus toward the 
paralyzed side (Fig. 20.3a). The lower lip depres-
sors in most of these patients are similar to com-
plete flaccid palsy patients yet the depressor 
anguli oris and platysma muscles may be hyper-
active which may hinder a smile because they 
counteract the upward and lateral movement of 
the oral commissure (Fig. 20.3b).

20.2.2.4  Periorbital
Differing from flaccid facial palsy, patients are 
mostly able to close their eyes. In fact, because 
the orbicularis oculi muscle is tight most patients 

have a smaller palpebral aperture with decreased 
scleral show (Fig.  20.3a). As previously men-
tioned, the most common form of synkinesis is 
oral-occular synkinesis.

20.2.2.5  Forehead
The forehead in patients with synkinetic spasm 
often looks symmetric. However, sometimes the 
position of the eyebrow might be a bit lower like 
in flaccid patients, especially during repose 
(Fig. 20.3a) although the mechanism causing this 
is completely different; in flaccid patients it is 
caused by ptosis due to weakness, whereas in 
synkinetic patients it may be caused by spasm of 
the orbicularis oculi muscle which is stronger 
than the frontalis muscle. Conversely, some 
patients present with a high brow to abnormal 
increased tightness of the ipsilateral frontalis 
muscle or as seen in the same patient, during 
attempted eye closure as part of a synkinetic 
motion (Fig. 20.3c).

20.3  Patient Selection

Preoperative patient assessment is key since 
facial palsy treatment is tailored to each individ-
ual patient. This should include a thorough his-
tory including duration of paralysis, continuity of 
facial nerve, presenting symptoms, course of 
onset, possible etiology including history of 
malignancies, and the patient’s main complaints 

a b c

Fig. 20.3 A 67-year-old patient years after partial recovery from Bell’s palsy with synkinesis. (a) Repose—note hyper-
tonicity on palsied left side, (b) oral—ocular synkinesis, (c) ocular—oral synkinesis
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typically including smile asymmetry, speech 
impediment, eating, and drinking difficulties. A 
comprehensive physical examination including 
all cranial nerves including both motor and sen-
sory components is paramount.

20.3.1  Duration: Subacute vs. 
Longstanding

The duration of facial palsy symptoms is impor-
tant as the approach of subacute and longstand-
ing disease is very different. Most authors would 
consider mimetic muscles to be salvageable up to 
18 months after onset of palsy and would likely 
use nerve transfers as part of the treatment strat-
egy. This period of salvageability might be longer 
in incomplete weak facial palsy patients due to 
continued innervation of the muscles. In longer 
durations of palsy, irreversible damage to motor 
end plates and atrophy of facial musculature 
occurs and a transplant of a new neurovascular 
muscle unit is necessary.

20.3.2  Etiology

Etiology is important to assess. Often patients are 
sent with a diagnosis of Bell’s Palsy yet provide a 
history of a slowly progressive facial nerve weak-
ening. This type of progression is typical to can-
cer unless proven otherwise. Recurrent bouts of 
palsy should direct investigations to either recur-
rent infections as seen in patients with Ramsay- 
Hunt syndrome (herpes zoster oticus) or slow 
growing neoplasms. Only when the diagnosis is 
unclear and other etiologies are ruled out, is diag-
nosis of Bell’s palsy warranted. Also, if the 
patient’s prognosis is not favorable, certain 
approaches as one-stage procedures may be pref-
erable over techniques requiring multiple stages.

20.3.3  Facial Nerve Continuity

Facial nerve continuity may refer to either an 
originally intact facial nerve or a reconstructed 

facial nerve but implies that some degree of 
regeneration might occur in patients with sub-
acute facial palsy durations of up to 18 months. 
This is important not because full motion is 
always expected, especially if little to no motion 
is seen at 6  months after onset, but rather that 
there is still a small chance the nerve regenera-
tion which may result in some facial tone and 
improved symmetry at rest. In these cases, if 
nerve transfers are chosen as part of the treat-
ment, they should be performed more distally on 
select facial nerve branches, as to enable poten-
tial recovery of the facial nerve yet still provide 
power. Conversely, if no facial nerve continuity 
exists, nerve transfers may be performed more 
proximally and the use of static procedures will 
more likely be needed. More details are provided 
in the Chap. 8.

20.3.4  Patient’s Demographics: Age 
and Facial Features

Other important factors in determining a treat-
ment plan are patient’s demographics such as age 
and anatomical structure of the face. Over time, 
skin tone decreases and the true and false facial 
ligaments weaken. In addition, subcutaneous vol-
ume will diminish accentuating asymmetry in 
repose. In patients with heavier anatomical facial 
features, asymmetry might also appear more 
obvious. Therefore, older patients and patients 
with “heavy faces” with complete flaccid facial 
palsy will benefit from additional static support 
[2]. Patients should not be excluded from treat-
ment based on only their age since dynamic tech-
niques have been demonstrated to be effective in 
older patient groups. Proper evaluation of the 
patient is necessary to make a decision based on 
risk-benefit analysis [6].

20.3.4.1  Patient’s Wishes
Lastly, as with any treatment plan, patient’s 
wishes and expectations should be taken into 
consideration. If their expectations are not realis-
tic they need to be adjusted. In addition, patient’s 
motivation should be evaluated before initiating 
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complex reconstructive surgery that has to be 
performed in several phases and requires long- 
term commitment of the patient.

20.4  Treatment Options

The treatment for flaccid and synkinetic facial 
palsy patients has both similarities and dissimi-
larities. In complete facial palsy, in addition to 
dynamic reanimation, improving symmetry at 
rest is one of the main treatment goals. Similarly, 
in the synkinetic patient obtaining symmetry in 
motion as well as symmetry at rest are critical but 
approached very differently and usually asym-
metry at rest in synkinetic patients is less severe 
than in flaccid palsy patients. In practice, most 
patients with synkinesis present with a mix of 
symptoms of weakness, hyperactivity, and hyper-
tonicity and will need treatment for both.

20.4.1  The Flaccid Complete Facial 
Palsy Patient

As we have learned over the years, dynamic reani-
mation alone rarely resolves all symptoms with a 
satisfactory result. Therefore, an increasing num-
ber of authors have developed different techniques 
to allow simultaneous static support in addition to 
dynamic solutions, whether they be nerve trans-
fers in the subacute population or free functional 
muscle transplant (FFMT) in the long- standing 
palsy patient, in order to provide not only motion, 
but also improve symmetry at rest. Treatment 
options discussed below are also relevant to most 
patients with weak non-synkinetic partial facial 
palsy patients with some differences depending 
on the degree of tone or motion individual patients 
might have. Treatment options will be discussed 
by anatomical region of the face.

20.4.1.1  Mid and Lower Face

Treatment Goals
The main treatment objectives in the mid and 
lower face is to provide improved facial expres-

sion, enhanced nasolabial fold definition, 
improved nasal breathing, better oral compe-
tence, and improved aesthetics. This can only be 
achieved by combining both static and dynamic 
techniques.

Static Support

Oral Commissure, Nasolabial Fold, and Alar 
Support
Many techniques providing static support to the 
midface have been described. Detailed preopera-
tive markings are crucial to assess the correct fold 
placement and desired vector. The preferred 
method of the senior author (SR) in patients with 
long-standing facial palsy is the use of four or 
five fascia lata strips, each with individual inser-
tions and slightly different vectors. The plain of 
dissection is sub-SMAS.  The most important 
strip is attached to the modiolus, which even in 
long-standing facial palsy patients with muscle 
atrophy, is readily identified in the confluence of 
the zygomatic major muscle and the orbicularis 
oris muscle fibers. Two additional strips are 
inserted into the mid lip and slightly medial to it. 
The alar base is then palpated, slightly more 
medially and superiorly, where an additional strip 
is inserted with the purpose of lateralizing the 
paralyzed alae. Once the vector is determined 
and a pleasing natural nasolabial fold is created, 
the slings are secured to the deep temporal fascia 
under very slight tension either superficial or 
deep to the zygomatic arch. The strips can be 
inserted through a pre-auricular incision or an 
additional nasolabial incision. The senior author 
does not commonly use a separate nasolabial fold 
for the medial insertion unless the patient is old 
and has significant nasolabial folds which hide 
the nasolabial incisions extremely well as dem-
onstrated in Fig. 20.4. It is important to realize 
that the new nasolabial fold is not created by 
inserting the strips into the previous nasolabial 
fold but rather more medially on the orbicularis 
muscle fibers to improve the symmetry of the 
lips. The lateralization of the modiolus and upper 
lip creates an inflection at the nasolabial crease 
providing a natural fold.
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a b

c d

e

Fig. 20.4 A 61-year-old man after gunshot wound to the 
left temporal bone. (a) Repose, (b) repose 11 months after 
insertion of four tensor fascia lata strips and gracilis mus-
cle innervated by the masseter nerve, (c–e) Intraoperative 

photos of insertion of fascia lata strips deep to the zygo-
matic arch (taken from another patient for demonstration 
purposes)
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Lower Lip
The lower lip deformity is more obvious during 
animation. In long-standing facial paralysis 
patients reinnervation of the lower lip isn’t pos-
sible, though dynamic reanimation techniques 
have been described, but not commonly used due 
to inconsistent results. In patients with a full 
tooth smile especially of the lower teeth, or in 
patients who are animated during speech, the 
lower lip on the healthy side tends to strongly 
pull downwards due to the depressor labii inferi-
oris muscle. Because of contralateral lower lip 
paralysis, the paralyzed lower lip tends to remain 
elevated, creating an abnormal lower lip shape. 
This bothers patients both during smile and often 
more during speaking. Therefore, several tech-
niques have been described, which attempt to 
balance the lower paralyzed lip by pulling it 
downward. This can be done by a T-shape double 
fascia graft; one fascia sling is placed horizon-
tally at the lower lip to correct the static position, 
and the other is grafted obliquely at the lateral 
side by folding and crossing the horizontal fascia. 
This has showed promising result regarding 
improved symmetry especially when opening the 
mouth [7] but as with any static technique, may 
also create excessive pull, hence caution is 
recommended.

Dynamic Solutions

Oral Commissure, Nasolabial Fold, and Alar 
Support
The above-mentioned static support procedures 
improve symmetry at rest however do not pro-
vide movement. Dynamic reconstruction options 
depend on the duration of paralysis and the 
potential salvageability of the facial musculature. 
In subacute facial palsy, nerve transfers might be 
useful to dynamically reanimate mimetic mus-
cles, whereas for longstanding facial palsy free 
functional muscle transplants or regional muscle 
transfers are needed.

Subacute Facial Paralysis
These options are discussed in more detail 
including figures in the chapter on nerve trans-
fers and therefore only a brief overview will be 

provided in this chapter. In subacute facial palsy, 
the native facial musculature can be reinner-
vated. The exact duration of facial palsy after 
which the native facial musculature is still sal-
vageable is up for debate. However, nerve trans-
fers can likely be performed successfully up to 
18 months with some reports even at 24 months, 
but it seems that earlier transfers confer improved 
excursion. In patients with weak incomplete 
facial palsy the window of opportunity may be 
longer. The senior author does not advise per-
forming nerve transfers in synkinetic patients. 
The addition of cross facial nerve grafts to pos-
sibly improve tone and synchroneity is also often 
used and described in more detail in the nerve 
transfer chapter.

Longstanding Facial Paralysis
In longstanding facial palsy, the mimetic muscu-
lature is no longer salvageable and a new neuro-
vascular muscle unit must be introduced, either 
in the form of a free functional muscle transplant 
(FFMT) or regional muscle transfer.

Free Functional Muscle Transplant
Gracilis muscle with the obturator nerve is the 
most used free functional muscle transfer in 
facial palsy because of the low donor site mor-
bidity and easy dissection. The gracilis muscle 
can be innervated by a contralateral redundant 
branch of the facial nerve or by an ipsilateral non- 
facial nerve. Traditionally, if a cross-face nerve 
graft is used, the procedure is performed in two 
stages: a cross-facial nerve graft followed by a 
FFMT. The same advantages and disadvantages 
of using facial vs. non-facial innervation as dis-
cussed in nerve transfer choices apply for 
FFMT. Innervation with the facial nerve presents 
the advantage of obtaining an emotional and 
spontaneous smile, yet with the reported draw-
back of decreased excursion and sometimes no 
motion at all.

A one-stage approach using a FFMT coapted 
to an ipsilateral non-facial nerve is also a com-
mon technique, in which the most frequently 
used donor nerve is the masseter nerve. The most 
apparent disadvantage with using a non-facial 
nerve is unreliable spontaneity and involuntary 
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motion [8]; the advantages include a shorter time 
to achieve motion, higher reliability, and 
increased excursion likely because of increased 
axonal load, shorter regenerative distance, and 
perhaps the need for only one coaptation [9] 
(Figs. 20.5 and 20.6a, b).

Regional Muscle Transfer

Midface
Many types of regional muscle transfers have 
been described. However, the temporalis length-
ening myoplasty, also known as the Labbé proce-
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nerve
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a b

c

Fig. 20.5 Drawing of a free gracilis muscle flap. (a) 
Harvest from medial thigh, (b) the gracilis muscle inner-
vated by the contralateral facial nerve via a cross facial 

sural nerve graft, (c) The gracilis muscle innervated by an 
ipsilateral masseter nerve
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dure, has recently gained popularity. The 
advantage of the transfer of the temporalis mus-
cle is that it offers a quick recovery of motion 
since no reinnervation is needed, no microsurgi-
cal techniques are needed, and it provides satis-
factory smile excursion as well as decent static 
support. Unlike with FFMT the use of an addi-
tional static sling is less frequently needed, likely 
because of the increased tendinous portion in the 
muscle. However, with the temporalis lengthen-
ing myoplasty procedure excursions are lower 
than with free functional muscle transplants and 
vector control seems more limited [6, 10]. The 
reader is advised to read the chapter dedicated to 
this procedure for full details.

20.4.1.2  Lower Lip
Many techniques have been described for 
dynamic lower lip reanimation but none have 
become mainstream, likely due to very low repro-
ducibility and unreliability. These historically 
included digastric muscle transposition, free 

functional platysma transplant, and others. In 
reality, the best opportunity to reinnervate the 
lower lip is during the acute and subacute period 
either via nerve grafting or nerve transfer. A sepa-
rate chapter is dedicated to this approach.

20.4.1.3  Periorbital

Treatment Goals
As previously mentioned one of the highest pri-
orities in the care of facial palsy patients is ocular 
protection. Regardless of the technique used for 
corneal protection it is almost always necessary 
to provide additional protection in the form of 
lubrication with drops during the day time and 
ointment at night. In some patients in whom 
recovery is expected, this may suffice if the 
patient is compliant. In the other cases static 
interventions are most commonly used but in the 
subacute palsy patients attempts at reinnervation 
of the orbicularis oculi muscle should be 
attempted.

a b

Fig. 20.6 The man from Fig. 20.4 during animation. (a) Before, (b) after combined static TFL slings and free gracilis 
muscle transplant innervated by the masseter nerve
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Static Procedures for the Eye

Upper Eyelid Lagophthalmos
Upper eyelid lagophthalmos occurs because of 
the paralysis of the orbicularis oculi muscle leav-
ing the action of the levator palpebrae muscle 
unopposed (See Fig.  20.2b). The most common 
technique used for correction of paralytic lagoph-
thalmos is insertion of a weight in the upper eye-
lid, which allows improved corneal protection at 
night when the levator palpebrae muscle is 
relaxed. One should remember that during the day 
when the levator muscle is active, a weight is not 
intended to perform quick voluntary closure. For 
this reason, most patients will need to continue 
lubricating the cornea, and try to avoid exposure 
to moving air experienced in a car AC, ceiling fan, 
or winds that might increase dryness.

Traditionally, a weight is placed in the pretar-
sal position however, the senior author (SR) 
suggests to place a heavier weight in the post-

septal position laying on the levator palpebrae 
aponeurosis just cranial and sutured to the supe-
rior border of the tarsus [11]. This technique 
allows the weight to be better hidden, decreases 
the chances of extrusion, and prevents entropion 
as is commonly seen with a pretarsal position-
ing (Figs. 20.7 and 20.8).

Lower Eyelid Ectropion
Lower lid ectropion can be surgically addressed 
by procedures on the lower eyelid. In young 
patients with no horizontal laxity a lateral can-
thoplasty can be performed. In older patients 
with existing horizontal laxity a lateral tarsal strip 
will be more suitable. The senior author also likes 
to add a small orbicularis muscle sling for addi-
tional support. If support is needed both laterally 
and medially the use of a palmaris tendon or fas-
cia lata sling to support the lower eyelid by secur-
ing it to both the lateral and medial canthal 
ligament regions is also effective.

a b

Fig. 20.7 Drawing of the upper eyelid gold weight placement in a sagittal view of the eyelid. (a) The commonly used 
pretarsal weight technique, (b) the right post-septal weight technique
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Malar Soft Tissue
Laxity of the malar soft tissue, especially in older 
patients may further worsen lower lid malposi-
tion. Although treatment of ectropion should not 
be relegated to a midface lift, the latter could 
make the techniques previously mentioned more 
durable over time. The senior author prefers to 
elevate the midface lift via a high smas approach 
as described by other authors [12, 13]. This tech-
nique enables lifting the midface in a near supe-
rior vector via distributing the support over a 
wider surface rather than in techniques used to 
lift the midface via a lower eyelid approach.

Dynamic
Dynamic reanimation of the periorbital reanima-
tion relies on the same principles as mentioned 
previously in the midface. The duration of palsy 
should not exceed the point in which irreversible 
orbicularis oculi muscle atrophy occurs. The 
exact period in which this occurs in complete 
facial palsy is not known but most authors con-
sider this around 18  months. Orbicularis oculi 
innervation may be performed via nerve trans-
fers, ipsilateral nerve grafts, or contralateral 
nerve grafts known as cross facial nerve grafts. 
The exact technique of reinnervation depends on 
the specific patient scenario but in the senior 
authors opinion and work and based on some pre-
vious work by other authors [14], the most impor-
tant component if reinnervation is via nerve 
transfers which provides voluntary palpebral clo-

sure. Any added innervation by the facial nerve 
either via intratemporal nerve graft or cross facial 
nerve graft may provide additional resting tone 
and even a more synchronous and spontaneous 
blink. In addition, the senior author demonstrated 
that reinnervation of the orbicularis oculi muscle 
confers additional corneal protection to static 
procedures alone.

20.4.1.4  Forehead

Brow Lift
Treatment for brow ptosis is aimed at static sup-
port. Lifting the brow can be done using several 
different techniques. Likely the most effective is 
direct excision of skin directly above the brow 
(Figs.  20.2a and 20.9). The advantage of this 
technique is that the elevating force and securing 
of the new position is closest to the brow that 
needs elevation. The main disadvantage, although 
minimal in the senior authors’ opinion, is the 
scar, that is very well hidden in Caucasians. This 
may be less conspicuous in darker skin patients 
who may experience more scar hypertrophy, and 
therefore a thorough history and exam regarding 
previous scarring experience should be per-
formed. In order to hide the brow scar several 
techniques may be performed. The senior author 
prefers a very small limb, zig-zag incision per-
formed with an 11 blade that may help brake and 
better hide the scar, and uses it in cases of severe 
brow ptosis in older patients. Other authors have 

a b

Fig. 20.8 The woman from Fig. 20.2. (a) Lagophthalmos prior to insertion of gold weight, (b) improved palpebral 
closure after upper lid loading in the post-septal technique and lower lid tarsal strip
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suggested placing incisions at the patients’ 
 natural rhytides, although this will usually 
slightly increase the pull distance from the brow. 
Another technique, preferred by the senior author 
in most cases in younger patients or those with-
out heavy facial features, is elevation of the brow 
via four incision placed above the brow, in simi-
lar zig-zag incisions but without skin resection. 
In this technique, the deep dermis of the brow is 
pulled in different superior vectors based on the 
different brow portions, and secured to the peri-
osteum. Special care should be given to avoid 
injury to the supraorbital and supratrochlear 
nerves as to avoid painful neuromas.

Additional described techniques include brow 
lifting via a coronal incision or via endoscopic 
techniques, but surgeons should consider that 
these are palsy patients and that the caudal forces 
of gravity are unopposed by frontalis elevation, 
hence these techniques may be less durable over 
time, since the distances between the target brow 
to the points of fixation are considerably 
increased. To further help with symmetry, the 
contralateral frontalis muscle might be weakened 
using Botox.

20.4.2  Incomplete Synkinetic Facial 
Palsy

The treatment of patients with synkinesia con-
siderably varies depending on the severity of the 

synkinesia, which facial subunit is affected 
most, and whether the chief complaint is that of 
paradoxical facial motion, inability to produce 
an effective motion due to hypertonicity, or 
most commonly the combination of both. The 
treatment principles aim at reducing synkinesia, 
reducing hypertonicity, and improving motion. 
The means in which this is achieved also vary 
considerably and include both medicinal inter-
ventions, surgical interventions, and physical 
therapy. Within an individual patient, treatments 
may be opposing—weakening certain portions 
of the face while strengthening others. What 
should be realized is that as opposed to the flac-
cid facial palsy patient in which the treatment is 
directed at afflicted facial zone, in the synki-
netic patient, treatment may not only be needed 
in the afflicted area but also in a distant area that 
effects the area of concern. Synkinesis is an area 
in facial palsy that has recently seen new devel-
opments and will likely see more advances in 
the near future.

20.4.2.1  Perioorbita, Midface, 
and Lower Face

Two of the main features in patients with synki-
nesia are abnormal synkinetic motions mostly 
seen in the periorbital region and hypertonicity 
that limits normal motion more often seen in the 
midface and neck region. In synkinetic patients, 
the problem is not a lack of innervation but rather 
abnormal innervation, whether strong or weak.

a b

Fig. 20.9 The woman from Fig. 20.2. (a) Ectropion prior to lower lid correction, (b) improved lower lid position after 
tarsal strip
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Periorbital Synkinesis
The most common type of synkinesis is oral- 
ocular or ocular-oral synkinesia. This presents as 
closure of the palpebral aperture when the patient 
attempts to smile and conversely when a patient 
attempts to close the eyes they will smile. It is 
most bothersome, when patients are eating (see 
Fig. 20.3b, c).

Botulinum toxin injection is an important 
treatment modality used in the periorbital region. 
Injections are given into the orbicularis oculi 
muscle and sometimes very conservatively in the 
orbicularis oris. The exact locations may vary by 
patient but more-so by surgeons’ preference and 
experience. Most physicians would inject 
6–12  units to the lower half of the orbicularis 
oculi muscle in the pretarsal and preseptal por-
tions. Some would add 2.5 units in the superior 
orbicularis oculi muscle. Excess injection may 
cause ectropion or ptosis if it diffuses to the leva-
tor palpebrae muscle, although both are rare. 
Orbicularis oris muscle injection should be per-
formed with caution as this may cause temporary 
excess midface paralysis and remind patients of 
where they started, creating stress. A comprehen-
sive discussion is important prior to the first 
injection session and the senior author recom-
mends beginning conservatively and explaining 
to the patient that it may take several sessions 
until the optimal dosages and placements are 
reached. The repeated nature of the treatment is 
also important to emphasize. Other common 
areas of paradoxical facial motions are in the chin 
area which may benefit from 5 of 7.5  units of 
botox (see Fig. 20.10).

Physical therapy with a specialized facial 
nerve therapist is also advisable and may be help-
ful in most patients. The main emphasis is trying 
to concentrate on activating certain groups of 
muscles while suppressing others. Also, certain 
stretching exercises, especially in the buccinator 
and cheek zone are recommended. Patience com-
pliance is important to the success of physical 
therapy.

Surgery in the periorbital region for synkinesis 
is not common and is usually confined to very 
severe cases. Surgery for blepharospasm has 
been described decades ago. The main problems 

encountered were recurrence over time, likely 
because of the multidirectional innervation of the 
orbicularis oculi muscle. Yet surgery is perhaps 
correctly advocated in the periorbital area in most 
severe cases of spasm when patients literally 
have a frozen face with complete inability to 
move. The principle in these surgeries is the com-
bination of aggressive neurectomies and myecto-
mies, to a point of almost converting the patient 
to a flaccid facial paralysis and then proceeding 
with reconstruction as they were a flaccid palsy 
patient. These types of surgery should be reserved 
to the most sever patients and performed by expe-
rienced facial palsy surgeons [15].

Midface and Lower Face Synkinesis 
and Hypertonicity
One of the more unrecognized areas in patients 
with synkinesia is the hypertonicity and hyperac-
tivity of antagonistic muscles. The main culprit 
muscle groups currently recognized are the 
depressor anguli oris, the platysma, and to some 
extent the buccinator muscle and to a lesser 
extent the elevators of the lip. It is increasingly 
acknowledged that due the excessive tone of 

Fig. 20.10 The woman from Fig.  20.3 with synkinesis 
after combining a free functional gracilis muscle flap and 
botox injection into the left periorbital region
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these muscles at rest and antagonistic action 
while attempting to smile, they inhibit symmetry 
at rest and during attempted smile. As described 
previously in the patient presentation portion, 
these patients may not initially seem paralyzed 
when observing them at rest and may actually 
appear weak on the healthy side (see Fig. 20.3a).

Botulinum toxin injections in the platysma can 
be helpful in decreasing the feeling of tension in 
the midface especially at the end of the day, and 
some patients even report some improvement in 
the smile, albeit mild to moderate. Injection of 
the platysma may range from 25 to 50 units and 
the senior author recommends injecting a small 
portion also above the mandibular border into the 
extensions of the fibers into the midface.

Botox injection in the depressor anguli oris 
(DAO) muscle is helpful as well, although in the 
senior authors experience DAO resection is more 
beneficial and is discussed below.

Physical therapy is also recommended. The 
emphasis is mainly stretching exercises espe-
cially in the cheek area including the buccinator 
muscle.

Surgery is discussed more commonly today 
but long-term results still need to be reported. 
There is increasing interest is DAO resection on 
the affected side. At rest the patients usually pres-
ent with a downward pull of the corner of the 
mouth giving an appearance of a sigmoid smile 
pattern that further increases when attempting to 
smile (sigmoid smile) [16]. The surgeon should 
ask the patient to smile strongly and then palpate 
the DAO, which feels like a string. A 3 cc injec-
tion of 1% lidocaine with 1:100,000 0f epineph-
rine is given and a return visit within 30 min to 
clinic will provide both patient and surgeon the 
ability to assess the possible negative affect the 
DAO has on the smile. If a patient has significant 
improvement in smile and greater tooth expo-
sure, they may be a good candidate for DAO 
myectomy [17].

There is also increasing interest in platysma 
myectomy, with similar principles as with DAO 
resection, except here both myectomy and neu-
rectomy are performed. This is a more controver-
sial surgery since recurrences are more likely due 
to the nature of the multidirectional platysma 

innervation, and orbicularis oris muscle weaken-
ing has been observed in some patients. Still this 
option should be further explored [15].

Synkinetic patients who are less responsive to 
tension relief for smile restoration or wish an 
even stronger smile, might also benefit from 
dynamic treatment with a FFMT similar to that 
described for complete flaccid facial palsy (see 
Fig. 20.10).

In incomplete weak facial palsy a redundant 
ipsilateral branch of the facial nerve might be 
used to transfer to the FFMT instead of a cross- 
face nerve graft as described in a recent article 
with promising results [18] but further investiga-
tions are needed to further define which patients 
would benefit most from the procedure.

20.5  Summary

With an aesthetic end result in mind, treatment 
of facial palsy should not only focus on func-
tion but should always bear in mind form in its 
most aesthetic sense. This means not only opti-
mizing motion but also optimizing the patient’s 
appearance at rest. To achieve an optimal out-
come, all available reconstructive and aesthetic 
surgical tools and the combination thereof 
must be considered despite of their perceived 
“classification” as static, dynamic or aesthetic 
and all facial subunits should be assessed and 
addressed.
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Temporal Muscle Transposition 
for Smile Reanimation 
of the Paralyzed Face (Modified 
McLaughlin-Procedure)

Ahmet Bozkurt, Lara Küenzlen, and Ulrich Rieger

21.1  Introduction and Indication

An individual and tailored concept is the key for 
an optimal and effective treatment strategy for 
patients with a facial nerve paralysis. This 
includes restoration of mimetic functions, aes-
thetic facial symmetry at rest and protection of 
the eye by complete eyelid closure. The surgical 
goals require both an exact analysis of (1) the 
aetiology or underlying pathology, (2) duration 
of illness, (3) degree of clinical symptoms, (4) 
coexisting diseases and life expectation, and, in 
particular, (5) the expectations of the patient [6].

Current gold standards [7] are mainly based on 
nerve reconstruction strategies and/or cross facial 
nerve grafts (CFNG) combined with free muscle 
transplantation. If these procedures are not feasi-
ble or requested for a number or reasons, regional 
muscle transplantation or transposition of masti-
catory muscles (Fig.  21.1) like the temporalis 
muscle (TM) and/or masseter muscle (supplied 

by the trigeminal nerve) is an effective alternative 
for dynamic restoration. Therefore, despite mod-
ern and sophisticated microsurgical techniques, 
muscle transposition procedures have their rele-
vance and are still powerful techniques, either as 
single procedure or in combination with the 
CFNG to bridge the time until nerve regeneration 
enables free functional muscle transplantation. To 
perform movements like smiling or eye closure, 
patients have to clench their teeth for muscle acti-
vation. After the first description by Gillies in 
1935 [8], a number of modifications and tech-
niques have been published [1–6, 9, 10] (Figs. 21.2 
and 21.3). On the basis of the vector, the TM can 
provide a certain degree of both static suspension 
at rest (e.g., oblique lift of the mouth) and dynamic 
voluntary movement (e.g., smiling), but not invol-
untary and without control of the direction of 
movement. In principle, the TM can be transposed 
in an anterograde or retrograde way. For retro-
grade transposition [10], the TM is released from 
the temporal fossa, turned over the zygomatic 
arch and extended mouth (and to the eye) 
(Fig.  21.2b). To gain length and to reach the 
mouth, the TM can be elongated with its fascia or 
with additional fascial or tendon grafts. Beside the 
mouth region, the eye can also be addressed by 
the TM transposition. Shortly, for the treatment of 
the upper lid (lagopthalmus) and lower lid (ectro-
pium), a strip of TM with its overlying fascia is 
elevated from its origin, turned over and tunneled 
to the lateral canthus. The fascia is partially ele-
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vated from the muscle flap and passed along the 
upper and lower lid to the medial canthal liga-
ment. With contraction of the TM, the fascial 
strips are pulled tight closing the eye. A disadvan-
tage of this procedure is that movements of the 
eyelids are observable while chewing (Fig. 21.2b). 
We, therefore, prefer lid implants (platinum/irid-
ium lid chain implants: Fig. 21.4b) for the upper 

lid and lateral tarsorrhaphy  /canthopexy. A further 
disadvantage of the retrograde procedure is a con-
tour deformity with a volume deficit (visible hol-
low) in the temporal fossa and a volume excess 
(muscle bulge) over the zygomatic arch [6]. We, 
therefore, prefer the much more widespread 
anterograde TM transfer [1, 2], where the TM is 
detached from its insertion, either at the bony 
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insertion or with osteotomy of the coronoid pro-
cess of the mandibule (Figs. 21.2 and 21.3).

As a further masticatory muscle, the masseter 
can be rotated and transferred either completely 
or partially to the mouth [9], but this can only 
lead to a limited degree of dynamic movement of 
the mouth region or a limited “smile” due to lack 
of force and muscle excursion. Therefore, a com-
bined approach using both the TM (→upper lip 
and nasolabial fold) and the masseter muscle 
(→commissure and lower lip) has also been 
described. Further modifications of functional 
TM transfer with both dynamic and static com-
ponents have been suggested by Olivari [4].

After the first descriptions by Gillies [8], about 
20  years later McLaughlin [1] popularized the 
transposition of the temporal muscle in combina-
tion with fascia lata for reanimation of the para-
lyzed oral sling. More than six decades later, this 
procedure is still a highly effective and successful 
treatment strategy and should be considered as a 
component or an alternative in the toolbox of any 
surgeon treating facial nerve paralysis [2].

Since the first publication by McLaughlin, a 
number of modification have been introduced 
including extraoral, preauricular (Fig. 21.3), and 
enoral approaches [2–6].

The goal of the current chapter is to provide a 
didactic instruction in a step-by-step manner with 
practical tricks and guidance supported by ana-
tomical and schemes as well as intraoperative 
pictures.

21.2  Anatomic Consideration

The temporalis muscle (TM) is one of the 
muscles of mastication (masseter, medial, and 
lateral pterygoid muscles) (Fig. 21.1). The ori-
gin of this broad and fan-shaped muscle is the 
temporal fossa as well as the temporal fascia. 
The muscle fibers descend deep to the zygo-
matic arch forming a tendon-like structure. 
The insertion of the TM is the coronoid pro-
cess of the mandible, where the TM is the 
most powerful muscle of the temporomandib-
ular joint. The TM is mainly supplied by the 
deep temporal arteries (anterior and posterior) 
arising from the maxillary artery. As one of 
the masticatory muscles the TM is responsible 
for elevation and retraction of the mandible. 
The TM is innervated by the deep temporal 
nerves arising from the mandibular nerve (tri-
geminal nerve; V3).

a b

Fig. 21.2 Scheme of original temporal muscles transfer according to McLaughlin [1] in (a) and the presented modified 
procedure in (b) according to Exner and Kuhn [2]
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21.3  Operative Technique 
of the Modified McLaughlin 
Temporalis Muscle Transfer: 
A Step-by-Step Instruction

For reanimation of the mouth region, McLaughlin 
initially suggested a two-step procedure with a 
perioral fascial sling and subsequent TM transpo-

sition [1] (Fig. 21.2a). This has been abandoned 
and, like others [2–6, 9, 10], we prefer a modified 
one-step approach (Fig.  21.2b). Before surgery, 
the functioning of the TM has to be controlled. 
Preoperatively, patients receive 500 mg metroni-
dazole and 1.5 g cephazolin. Then we trace ana-
tomical landmarks and structures like the (1) 
nasolabial crease, (2) the modiolus, (3) the mid-

1
2

3

4

a b

c d

Fig. 21.3 Modifications of the muscle temporalis trans-
fer. See the temporalis muscle lengthening procedure 
according to Labbé and Huault [3] in (a), the retrograde 
temporalis muscle transfer according to Rubin adapted 

from Olivari [4] (b), the combined technique or static and 
dynamic techniques according to Olivari [4] in (c) and the 
modified techniques of Greulich [5] using cartilage anchor 
in the nasolabial fold in (d)
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line as well as the (4) vermilion border between 
the lip and the adjacent normal skin as well as (5) 
the zygomatic arch and (6) localization of the 
coronoid process (Fig. 21.4a, b). After contralat-
eral nasal intubation and intraoral block of the 
throat, we infiltrate the cheek and the periorbital 
region using local anesthetic solution with epi-
nephrine (1:200,000) in case of patients with a 
partial facial nerve palsy; in patients with a com-
plete facial nerve palsy we additionally use 
lidocaine.

If a preexisting scar (in contrast to the pre-
sented case; (Fig. 21.4a, c)) is not present, we use 
a typical preauricular facelift incision with prepa-
ration in the sub-SMAS plane. The skin flap 
should be elevated with a respective thickness not 
only due to skin perfusion, but also to avoid visi-
ble movements of the fascia lata. Furthermore, 
during flap elevation and tunneling it is of upmost 
importance to prevent injury of the parotid duct 
(Stenon-duct) as well of facial nerve branches in 
cases of partial facial nerve palsy. In the latter 
case, as mentioned above, we do not use infiltra-
tion solutions with local anesthetics. Furthermore, 
in these cases an extraoral approach to the coro-
noid process along the ascending branch of the 
mandibule is an alternative to the external 
approach.

After cheek skin flap elevation and sub-SMAS 
tissue preparation from the preauricular region 
below the zygomatic arch toward the coronoid 
process, we insert the nondominant hand of the 
surgeon into the mouth and open/close the mouth 
to palpate and verify the location of the coronoid 
process with the dominant hand. Then, the coro-
noid process is freed from surrounding tissue and 
Farabeuf or Langenbeck wound retractors are 
placed and the insertion of the temporal muscle as 
well as the incisura mandibulae are identified 
(Fig.  21.4c, d). Then, the point of the drill hole 
(3.2–3.5 mm) is defined in the center of the coro-
noid process: caudally to the tendon-like insertion 
of the TM and cranial to the plane of the incisura 
mandibulae. Before osteotomy two zero- vicryl 
sutures are inserted into the drill hole as safety 
threads to prevent cranial and deep retraction or 
sliding of the coronoid process due to the traction 
of the TM (Figs. 21.4c, d and 21.5b). After inci-

sion and deepithelialization of the nasolabial 
crease in a crescent-shaped fashion, both the upper 
and lower lips are tunneled toward the midline. 
Thus, a continuous tunnel between the zygomatic 
arch, the modiolus, and the lips is provided. Then, 
a chevron-like osteotomy is performed taking care 
not to splitter the coronoid process and not to dam-
age the drilled hole (Figs. 21.5b and 21.6).

In the meantime, a second team harvests the 
fascia lata from the ipsilateral thigh. Depending 
on the respective facial dimensions or geometry 
of the patient, usually a length of approximately 
25–30  cm with a width of 5–8  mm is recom-
mended. Starting with an incision 3–4 cm cranial 
from the lateral edge of the patella, the fascia is 
harvested from distal to proximal with short mul-
tiple transverse incisions in a stepwise fashion 
using an atraumatic tendon stripper (Fig. 21.5a).

Basically, the idea behind the temporal muscle 
transposition is the mechanism of a pulley. The 
harvested fascia lata is pulled up to half the length 
through the drill hole of the coronoid process 
(Fig. 21.2b). Recently, we use the Mini-Tendon 
Shuttle (QuickPass Tendon Shuttle; Arthrex®; 
https://www.arthrex.com/products/AR- 8090S) to 
help facilitate passage of the fascia lata through 
the drill hole (Fig.  21.6). This two-component 
device has (1) an elastic net to insert and fix the 
fascia lata working like a finger trap and (2) a 
flexible, but stable tip to pass the drill hole 
(Fig.  21.6a). Then, the most critical part is the 
positioning and fixation of the fascia lata. Both 
ends of the fascia lata are diverted to the incised 
nasolabial fold and corner of the mouth 
(Fig. 21.7a–c). The cranial check rein is fixated 
with deep non-resorbable monofile 3-0 and/or 
4-0 sutures at the modiolus and the corium of the 
deepithelialized nasolabial crease. The corium in 
combination with the modiolus offers a stable 
anchorage. Others suggest harvest a cartilagine-
ous strip from the ear and insert it subcutaneously 
in front of the nasolabial fold as cartilage anchor, 
both in free functional muscle transfer and in 
muscle transposition procedures [5] (Fig. 21.3d).

Then, with an appropriate traction at the cau-
dal end of the opposite fascia lata, a cranio-lat-
eral elevation of the corner of the mouth in 
overcorrection is established, i.e., approximately 
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6–8 mm above the resting position of the contra-
lateral position of the corner of the mouth and 
nasolabial crease, respectively. In this position 
the caudal fascia lata sling is fixated in the same 
way as the cranial sling. Using the mini-tendon 
shuttle, both ends of the fascia lata are tunneled 
to the upper and lower lip, respectively. After 
skin incisions at the vermillion, these ends are 
fixated with the orbicularis oculi muscle sling 
with deep non- resorbable monofile 4-0 sutures 
(Figs.  21.7d and 21.8). Before extubation, 
500  mg prednisolone administered intrave-
nously. For safety reasons, i.e., risk of suture fis-
tula and/or transmitted infections, we avoid 
extraoral incisions of the oral mucosa. Initially, 
these skin incisions and deep sutures may result 

in unaesthetic retractions, but will diminish if the 
sutures are placed deeply enough.

Since the nasolabial fold has been deepitheli-
alized in a crescent-shaped pattern, wound clo-
sure will lead to an additional elevation of the 
angle of the mouth and nasolabial fold. The addi-
tional nasolabial incisions can be skipped in male 
patients due to occurrence of hair follicle cysts 
and ingrown stubbles.

The postoperative treatment includes antibi-
otics and antimicrobial mouth rinsing (e.g., hex-
etidine) as well soft food for 5–7 days. We start 
the exercises directly at the first postoperative 
evening. Using a hand mirror patients are 
instructed to clenching the teeth (molars) over a 
wooden spatula.

a b

c d

Fig. 21.4 Intraoperative images of the temporalis muscle 
transfer-Part I. Marking of anatomical landmarks (mid-
line, nasolabial fold, modiolus, vermilion, zygomatic 
arch, and localization of the coronoid process) in (a). 

Platinum/iridium upper eye lid chain implant (weight: 
1.2 g; size: 13.9 × 5.0 × 1.4 mm) in (b). Coronoid process 
freed from surrounding tissue in (c, d)
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a b

Fig. 21.5 Intraoperative images of the temporalis muscle transfer-Part II. Harvest of the fascia lata from the ipsilateral 
thigh in (a) and chevron-like osteotomy of the coronoid process with a drilled hole in (b)

a b

c d

Fig. 21.6 Intraoperative images of surgical steps (a–d) of the temporalis muscle transfer-Part III. Use of a mini-tendon 
shuttle (QuickPass Tendon Shuttle; Arthrex®) to help facilitate passage of the fascia lata through the drill hole
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a b

c d

Fig. 21.8 Preoperative (a, b) and postoperative (c, d) pictures

a b

c d

Fig. 21.7 Intraoperative images of the temporalis muscle 
transfer-Part IV. Positioning and fixation of the fascia lata. 
Both ends of the fascia lata are diverted to the incised naso-

labial fold and corner of the mouth and are fixated with 
deep non-resorbable monofile sutures at the modiolus and 
the corium of the deepithelialized nasolabial crease (a–d)

A. Bozkurt et al.
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21.4  Summary

After the first descriptions by Gillies, about 
20 years later McLaughlin popularized the trans-
position of the temporal muscle in combination 
with fascia lata for reanimation the paralyzed oral 
sling. More than six decades later, this procedure 
is still a highly effective and successful treatment 
strategy and should be considered as a compo-
nent or an alternative in the toolbox of any sur-
geon treating facial nerve paralysis. Since the 
first publication by McLaughlin, a number of 
modification have been introduced including 
extraoral, preauricular (Labbe, Greulich, Exner), 
and enoral approaches. The goal of the current 
chapter is to provide a didactic instruction in a 
step-by-step manner with practical tricks and 
guidance supported by anatomical and schemes 
as well as intraoperative pictures.

Advantages of temporalis muscle transfer for 
facial reanimation:

• One-stage procedure
• Short operation time
• Independent from patients age and duration of 

palsy
• Predictable surgical outcome
• Immediate effect
• Successful reconstruction of symmetry at rest 

and voluntary movements (smiling, oral conti-
guity, lid closure) without synkinesis

• Bridging the time during multi-staged free 
muscle transfer

Disadvantages of temporalis muscle transfer 
for facial reanimation:

• No involuntary, emotionally, emotionally- 
linked, and no spontaneous smiling

• Only one vector for reanimation
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Lengthening Temporalis 
Myoplasty for Smile Reanimation: 
Labbé Technique

Daniel Labbé and Pierre Guerreschi

Key Points
• Dynamic reanimation.
• Pedicle muscle flap: Temporalis muscle is 

entirely mobilized.
• No aponeurotic material is required to 

lengthen the muscle transfer and to reach the 
labial commissure.

• Brain plasticity allows the muscle to change 
its function thanks to specific rehabilitation 
within 6 months in average.

22.1  Introduction

Facial paralysis sequelae can drive patients to 
isolation, unemployment, and/or depression [1]. 
The facial asymmetry observed at rest is aggra-
vated by mimics. The management of facial 
paralysis sequelae remains a challenge for the 
surgeon. One of the mainstream technique use 

the temporalis muscle to reanimate the upper lip 
and the labial commissure.

Lengthening Temporalis Myoplasty (LTM), first 
described by Labbé in 1997 [2, 3], ensures the trans-
fers of the entire temporalis muscle from the coro-
noid process to the upper lip without interposition 
of aponeurotic tissue. The pinnate nature of the tem-
poral muscle allows the lengthening of its posterior 
fibers. The temporalis muscle, like all the other 
dynamic muscle transfers, changes its function 
because it is entirely mobilized towards another 
effector: the upper lip and the labial commissure. 
Thanks to brain plasticity [4], the muscle loses its 
chewing function and after 6  months of speech 
rehabilitation it acquires its new smiling function.

22.2  Preoperative Planning

The refined preoperative study of the patient’s 
smile on the healthy side helps determine the 
respective insertions of the zygomatic muscles, 
superficial and deep elevator muscles of the upper 
lip and also helps refine the type of smile that 
needs to be achieved. We refer to the Rubin’s 
classification of the three types of smiles [5]. A 
close examination of the smile on the healthy 
side can highlight the cutaneous insertions of the 
elevator muscles or the orbicularis oris that trans-
mits the movements of elevator muscles. These 
cutaneous insertions are identified by a slight 
shadowed area on the white lip when smiling. 
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These key points will be reported onto the para-
lyzed side as a mirror image to locate precisely 
the anchor points of the temporalis muscle [6].

The nasolabial fold and its exact shape is 
designed by passively lifting up the upper lip and 
moving it backwards. This is performed when the 
patient is sitting down, then controlled again with 
the patient lying down.

22.3  Surgical Technique

 1. The entire temporalis muscle is exposed by a 
zigzag Cairns approach (Fig. 22.1). The scalp 
flap is dissected in a subgaleal plane after 
hydrodissection with serum and adrenaline.

 2. 2 cm above the orbital rim, the periosteal is 
incised and the dissection continues in a sub- 
periosteal plan along the external orbital mar-
gin with a large periosteal elevator (Fig. 22.2). 
This elevator is then used to put the tissues in 
tension to help the splitting of the superficial 
aponeurosis of the temporalis muscle.

 3. Passing through the two sheets of the super-
ficial aponeurosis of the temporalis muscle is 
a key step to reach the zygomatic arch. The 
dissection goes through the two sheets of the 
superficial aponeurosis (Fig. 22.3) that con-
tains the fat pad and the median temporal 
vascular pedicle. The fat must be left attached 
to the scalp flap. If this fat is left on the tem-
poralis muscle side, it will impair the lower-
ing of the muscle. Furthermore, this fat 

would be missing at the end of the surgery, 
creating an unsightly temporal notch as well 
as a curve above the zygomatic arch.

 4. The retrozygomatic dissection frees the 
superficial side of the temporalis muscle 
from its insertions on the zygomatic arch. It 
is a subperiosteal dissection on the deep side 
of the zygomatic arch performed with a peri-
osteal elevator (Fig. 22.4).Fig. 22.1 Zigzag Cairns approach

Fig. 22.2 Periosteal elevator on the orbital column

Fig. 22.3 Aponeurosis splitting

Fig. 22.4 Retrozygomatic dissection

D. Labbé and P. Guerreschi
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 5. The temporalis muscle is protected with a 
malleable retractor to perform the osteotomy 
of the zygomatic arch (Fig.  22.5a). The 
zygomatic arch is tilted backwards along 
with its masseter insertions. This gesture is 
completed by freeing the residual fibers of 
the masseter muscle (Fig. 22.5b)., inserted 
on the deep surface of the superficial apo-
neurosis of the temporal muscle.

 6. After the subperiosteal dissection of the sig-
moid notch, a malleable retractor is placed 
on the internal side of the upper branch of the 
mandible to perform the osteotomy of the 
coronoid process. An oblique osteotomy is 
performed backwards and forwards with a 
sagittal saw (Fig.  22.6). This mandibular 
bone fragment bears the insertions of the 
temporalis tendon.

 7. The deep dissection progresses between the 
muscle and the skull using a periosteal eleva-
tor (Fig. 22.7). First the incision of the apo-
neurosis of the temporalis muscle has to 
leave a 5  mm strip of this aponeurosis 
inserted into the temporal crest to allow the 
reinsertion of the muscle at the end of the 
procedure. This step ends by a cautious dis-
section around the deep temporal pedicles.

 8. Via the nasolabial approach, the anchor 
points on the upper lip are positioned accord-
ing to the preoperative drawing. Commonly, 
three Prolene 4.0 sutures are tested during 
the procedure to ensure the correct shape of 
the smile (Fig. 22.8).

 9. The dissection is then performed backwards 
above the superficial musculoaponeurotic 
system (SMAS) on 2  cm before plunging 

a b

Fig. 22.5 (a) Zygomatic arch osteotomy. (b) Residual fibers of the masseter

Fig. 22.6 Osteotomy of the coronid process

Fig. 22.7 Deep dissection of the temporal muscle

Fig. 22.8 Three anchor points on the upper lip
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towards the buccal fat pad to reach the coro-
noid process (Fig.  22.9). The dissection is 
done with Mayo scissors without any sec-
tion. The tunnel is enlarged in opening the 
Mayo scissors. Then the coronoid process is 
grasped, via this approach, with a Kocher 
forceps.

 10. At this stage, it is normal for the temporalis 
muscle to resist. It is necessary to free the 
tendon of the temporalis muscle from its 
additional permanent insertions of the mas-
seter and pterygoid muscles, which prevent 
its descent. This dissection is done with a 
large periosteal elevator at tendon’s contact 
(Fig. 22.10). It allows to expose the tendon at 
the upper lip level.

 11. The tendon is then seized with a Satinsky vas-
cular clamp backwards of the coronoid pro-
cess, which can then be freed from the tendon 
with a blade. The coronoid process is thrown 
away. The clamp is then partially released in 
order to stretch the tendon and then tightened 
again to hold the tendon before attaching it 
permanently to the key points with nonab-

sorbable threads (Fig.  22.11). The external 
fibers of the tendon correspond to the muscle 
fibers of the posterior part of the temporalis 
muscle. Reinserted preferably on the commis-
sure, they help give a proper horizontal direc-
tion to the labial commissure traction vector. 
We pay attention not to wrinkle the skin and 
the tendon’s insertion is secured with a run-
ning suture of 3.0 barbed thread.

 12. Through the Cairns approach, the temporalis 
muscle is reinserted in the temporal area on 
the aponeurotic strip left in place in the ante-
rior part of the temporal crest to obtain a 
symmetric result using separate Flexocrin 
3.0 sutures (Fig. 22.12). The surgeon’s assis-
tant monitors the absence of elevation of the 
labial commissure during the fixation of the 
muscle on the temporal crest.

 13. The smile-related outcomes of this new dis-
tal insertion are evaluated by stretching the 
upper-posterior part of the muscle or via 
electrical stimulation (Fig. 22.13) with a nee-
dle (20 Hz and 4 mA) as described by Har- 

Fig. 22.9 Through the buccal fat pad

Fig. 22.10 Pulling the temporalis tendon

Fig. 22.11 Tendon reinsertion

Fig. 22.12 Temporal reinsertion to the aponeurotic strip
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Shaï [7]. The posterior part of the muscle is 
refixed with loose sutures.

 14. Osteosynthesis of the zygomatic arch with 
non-resorbable thread (Fig. 22.14).

 15. It is essential to reinsert the fat pad from the 
split aponeurosis (Fig. 22.15) on the top of 

the temporal crest with a U-shaped suture to 
avoid the hollowing of the temporal area. 
Surgical closure while placing two silicon 
surgical drains, one in the transjugal opening 
and the other in the temporal area. Surgical 
closing of the scalp by staples, or resorbable 
sutures especially in children.

22.4  Rehabilitation

Lengthening temporalis myoplasty (LTM) 
requires a specific rehabilitation protocol in order 
to have perfect control of the muscle’s new func-
tion via brain plasticity [8].

Rehabilitation can start before surgery to 
make the patient aware of the voluntary contrac-
tion of the temporalis muscle [9].

During the postoperative period, rehabilitation 
starts 3 weeks after the surgery; first with deep 
massages of the tendon insertion into the com-
missure to fight local adhesions. Afterwards, the 
patient follows a standardized protocol in three 
steps to move from a mandibular smile to a vol-
untary smile, and a spontaneous smile. The func-
tional change of the temporalis muscle can be 
achieved step-by-step over a few months but only 
if the patient understands the stakes, is motivated 
and has a strong will to communicate [10].

The third step of the spontaneous temporal 
smile can be hard to achieve. The symmetric 
rehabilitation technique developed by Martin 
et  al. aims at reinforcing cortical control of the 
smile [8]. To perform these rehabilitation exer-
cises patients are placed in front of a computer 
mirror that reconstructs in real-time their face by 
symmetrically copying the healthy side and 
deleting the paralyzed one. Positive feedback 
reinforces brain plasticity capacities to “facial-
ize” the temporalis muscle.

22.5  Conclusion

Labial commissure reanimation is one element of 
the complete therapeutic management of facial 
paralysis. As a matter of fact it is important to 
take into account the entire facial expression to 

Fig. 22.13 Smile outcome tested

Fig. 22.14 Osteosynthesis of the zygomatic arch

Fig. 22.15 Fat pad reinsertion
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propose a comprehensive project. Muscle over-
activity, spasms, or synkinesis can affect the 
upper or lower level of the face on the paralyzed 
side and/or on the healthy side and must be 
treated [11–13].

Lengthening temporalis myoplasty is particu-
larly relevant in the difficult treatment of periph-
eral facial paralysis, even in case of congenital 
bilateral facial palsy such as Moebius syndrome 
(Case 1: Data 1, Video 1). In one surgical proce-
dure we can implement an active muscle transfer 
to reanimate the labial commissure and recreate a 
mobile nasolabial fold [14] (Case 2: Data 2, Video 
2). This reliable and reproducible technique 
respects the donor site [15]. The passage of the 
temporal muscle under the zygomatic arch into 
the buccal fat pad ensures its sliding into the cheek 
avoiding any zygomaticomaxillary deformation.
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Clinical Care from the Perspective 
of the Eye Doctor

Eva Stifter

Key Points
• First examination of patients with facial nerve 

palsy should be focused on establishing the 
underlying cause and ruling out severe neuro-
logical diseases.

• Lagophthalmos is defined as difficulties in or 
the impossibility to close the eyelids.

• Protection of cornea and ocular surface is cru-
cial in all patients suffering from facial nerve 
paralysis.

• Therapy should take care for intensive eye lubri-
cation, particularly during night.

• All ages may be affected.
• Management of the eye in patients suffering 

from facial nerve palsy needs to start early 
with medical and surgical techniques specifi-
cally tailored to the individual patient.

23.1  Background

Ocular protection is the main objective of opti-
mized clinical care of patients with facial paral-
ysis from the perspective of the eye doctor. 
Exposure keratopathy and corneal ulceration are 
potential complications of facial nerve palsy 
that should be prevented by optimized care of 

the eye as long as eyelid closure deficits are 
present [1, 2].

The facial nerve plays an important and domi-
nant role in vivid communication and mimic 
expression of sensations in the human face. It is 
responsible for motor supply to the muscles of 
facial expression (M. frontalis, M. orbicularis 
oculi, M. buccinator, and M. orbicularis oculi) 
and stapedius, parasympathetic supply to the lac-
rimal and submandibular glands, and conveyance 
of sensory input from the anterior two-thirds of 
the tongue [2].

Facial paralysis may have numerous effects 
on facial expression and function, e.g. eyelid clo-
sure, oral continence, and speech. The orbicularis 
oculi muscle is the protractor of the eyelid. The 
eyelid retractors, the levator palpebrae superioris 
muscle of the upper eyelid, and the capsulopalpe-
bral muscle of the lower eyelid oppose the actions 
of the orbicularis oculi muscle. Weakness of the 
orbicularis oculi muscle results in unopposed 
action of the eyelid retractors, lagophthalmos, 
and lower eyelid retraction with ectropion. This 
may lead to epiphora caused by eversion of the 
inferior lacrimal punctum, insufficient tear film 
protection, and increased corneal exposure. Blink 
rate and upper eyelid excursion are also typically 
compromised [1, 2].

A critical criterion for the intensity of ocular 
protection therapy is the absence or presence of 
Bell’s phenomenon, which is the rolling up of 
the eye globe when efforts are made to close the 
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lids. If Bell’s phenomenon is missing, the risk 
of corneal injury is relevantly higher and more 
intensive corneal lubrication and protection is 
required [1].

Conclusively, patients with facial nerve palsy 
present typically with symptoms of an insuf-
ficient eyelid closure, dry eye, reduced corneal 
reflex, drooling, hyperacusis, altered taste, otal-
gia and speech articulation difficulties. In periph-
eral facial palsy, the missing innervation of facial 
muscles results in an inability to close the eyelids 
on the affected side appropriately. Impairment of 
the function of the facial nerve may thus severely 
reduce a patient’s quality of life and irreversibly 
harm visual function of the affected eye by weak-
ening eyelid closure and consequently increas-
ing the risk of corneal infections due to less eye 
 lubrication. Eye protection is therefore manda-
tory if lid closure is impaired [3, 4].

The sequelae range from poor cosmesis, sim-
ple eye irritation and epiphora to corneal ulcer-
ation and consequent blindness [1].

Lagophthalmos is defined as difficulties in or 
the impossibility to close the eyelids. Lid closure 
may be complete or incomplete and the degree 
of lagophthalmos can be measured in millimetres 
(mm) [5].

The major concern at the first presentation 
of a patient with facial nerve palsy should be 
focused on establishing the underlying cause and 
ruling out severe neurological diseases such as 
strokes or malignant tumours [4]. All ages may 
be affected. More female than male patients have 
presented with facial nerve paralysis in large 
evaluations of incidence [6].

Correct management within the first few days 
can effectively prevent long-term complications. 
After identifying the affected side, it is manda-
tory to evaluate if an upper motor neuron lesion 
is responsible for the facial weakness. A bilateral 
innervation of that part of the facial nuclei sup-
plying the forehead, and consequently preserving 
forehead movement in the upper motor lesions 
is described in classic neurology. However, this 
sign has been considered unreliable. By contrast, 
a lower motor neuron disorder of the main nerve 
trunk results in weakness of the entire side of the 
face [4, 7].

The steps recommended to be taken at the ini-
tial check-up are a complete clinical neurological 
status investigation, brain magnetic resonance 
imaging (MRI), and an extensive evaluation of 
the general cardiovascular risk factors for stroke. 
This is of highest importance because an urgent 
referral to a specialized neurological care unit is 
needed to assess the need for thrombolysis for all 
patients suspected of having had a stroke attack. 
From the ophthalmological side, checks of the 
patients’ visual acuity, pupillary reaction, ocular 
motility and visual field function to reveal neuro- 
ophthalmological deficits, which are important to 
rule out a possible different diagnosis, are rec-
ommended. These are baseline examinations, not 
requiring much time or specific equipment.

The risk factors for stroke include age over 
60  years, arterial hypertension, diabetes, high 
cholesterol levels, smoking habits, any history 
of previous stroke or transient ischaemic attacks 
and atrial fibrillation. A full evaluation of the 
function of the other cranial nerves as well as the 
peripheral nervous system is also recommended, 
including testing tone, limbal weakness, hyper-
reflexia, upgoing plantars and sensory loss [4, 8].

When an upper motor neuron lesion is sus-
pected, it is helpful to determine whether it 
is located in the brainstem or cerebral cortex. 
Brainstem disease may present with vertigo, 
ataxia or crossed neurology signs such as ipsi-
lateral cranial nerve involvement, which may 
lead to paralytic strabism and diplopia, and 
sensomotoric contralateral hemiplegia. A corti-
cal lesion often presents with weakness of the 
contralateral limbs. By contrast, involuntary 
movements of the face, such as spontaneous 
smiling, may be spared. All these symptoms 
have to be considered carefully for correct plan-
ning of the diagnosis and consequent therapeu-
tic approaches [4, 8].

During this first-line check-up after the initial 
diagnosis of facial nerve palsy, an extensive eye 
evaluation of the globe and the periocular region 
is helpful to clarify the full extent of the symp-
toms and should include complete testing of 
visual function, including a standardized evalua-
tion of visual acuity at a near and far distance and 
a basic neuro-ophthalmological check.
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Slit-lamp examinations of the anterior and 
posterior eye segment are basic for further 
evaluation including measurement of the intra-
ocular pressure. Eyelid malposition and eyelid 
closure deficits should be quantified precisely 
and compared with the fellow-eye for long-term 
follow-up.

Orthoptic motility testing to ascertain the 
oculo-motor function of the cranial nerves NIII 
oculomotorius, NIV trochlearis and NVI abdu-
cens is needed to rule out paretic strabismus, 
which may be combined with diplopia. In chil-
dren, paretic strabismus can cause irreversible 
amblyopia and therefore requires special care 
and amblyopia treatment. In cases of combined 
cranial nerve deficiencies, intense evaluation of 
the pupillary reaction of both eyes, any pres-
ence of pupillary abnormalities and screening 
even for distinct anisocoria is also strongly 
recommended.

Where a stroke is suspected, a perimetric 
visual field test is important to rule out signifi-
cant scotomas. As an alternative for patients with 
poor general health status, a basic confrontation 
perimetry can be quickly performed, without 
technical equipment, and is nevertheless of high 
relevance for further neuro-ophthalmological 
diagnosis if there is a typical quadrant or hemi-
field visual field loss or significant constriction 
of the visual field of the affected or contralateral 
eye.

Fundus examination with dilated pupils may 
reveal retinal disease as well as diabetic long- 
term co-morbidities. Evaluation of the optic disc 
can reveal signs of increased intracerebral pres-
sure causing a swelling of the optic nerve that 
requires further examination. All tests have to be 
specifically orientated to the clinical symptoms 
of the individual patient to avoid missing impor-
tant clinical information at the beginning relevant 
for correct disease management as well as any 
therapy if necessary.

As soon as a central cause for the facial palsy 
has been excluded, a focused examination of the 
ears, mastoid area, oral cavity, scalp and parotid 
glands should be initiated [2, 4].

The facial nerve is considered to be special 
among all cranial nerves because of its long 

tight bone canal that traverses the temporal 
bone with only little room for swelling. When 
inflamed, a compressive neuropathy may mani-
fest with a reversible or irreversible nerve dys-
function [2].

Bell’s palsy is the most common neurologic 
condition affecting the cranial nerves and is 
defined as an idiopathic lower motor neuron 
facial nerve paralysis that accounts for most 
of the newly diagnosed cases and shows no 
specific changes during extensive check-ups. 
However, Bell’s palsy remains a diagnosis of 
exclusion. The complete medical evaluation 
should be undertaken mindfully that 30–41% of 
patients with lower motor neuron facial nerve 
weakness will have another underlying cause 
that requires specific management and is often 
associated with a poorer long-term prognosis 
[4, 7, 9].

Typically, Bell’s palsy becomes fully acute 
within 24–48 h. Most cases are associated with 
mild postauricular pain. Its incidence does not 
significantly differ with sex or ethnicity. Diabetes 
is associated with as many as 10% of cases. In 
pregnancy, Bell’s palsy is seen typically in the 
last trimester. It may also be associated with a 
herpes simplex virus infection causing a benign 
self-limiting inflammatory condition [2].

Incomplete facial nerve paralysis at presenta-
tion with some residual muscle movement activ-
ity and partial closure of the eyelid is considered 
a good prognostic sign for full recovery. Oral 
steroids should be started within 72 h of first pre-
sentation to significantly increase the chance of a 
complete recovery [2, 4, 10].

The recommendation for clinical diagnosis of 
Bell’s palsy is a systemic evaluation of all five 
branches of the facial nerve representing five 
anatomic zones: (1) the temporal and frontal 
(forehead), (2) the zygomatic (upper midface, 
oral commissure), (3) the buccal (cheeks and 
nasolabial region), (4) the marginal mandibular 
(lower face and oral depression), and (5) the cer-
vical (neck). True Bell’s palsy encompasses all 
five nerve branches. However, they may be vari-
ably involved during the first 72 h, resulting in 
a typically flaccid face from the hairline to the 
clavicle [2]. Bilateral or recurrent facial paralysis 
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is rarely associated with Bell’s palsy. Extensive 
evaluation is mandatory [2].

The possible causes of facial paralysis are 
summarized in Table 23.1 [2, 6, 7].

Independent of the underlying cause of the 
facial palsy, which may be idiopathic or result 
from trauma, surgery or malignant disease, the 
reduced or absent function of the orbicularis 
oculi muscle results in exposure of the cornea 
and may be exacerbated by an eyelid malposition 
[5]. By contrast, in central facial palsy, the M. 
frontalis and the M. orbicularis oculi are supplied 
supranuclearly by both hemispheres of the brain 
so that their function is normally not reduced and 
eyelid closure unaffected. Consequently, ocu-
lar protection is predominantly needed in lower 
motor neuron facial palsy cases.

Bacterial infections are responsible for 1–4% 
of new cases of lower motor neuron facial palsy. 
Acute otitis media accounts for most and is typi-
cally associated with systemic sepsis, a bulging 
tympanic membrane, conductive hearing loss and 
pinna lateralization. Malignant otitis externa may 
affect the external auditory canal and the tempory 
bone. Typically, the infection begins as an exter-
nal otitis that may progress into an osteomyelitis 
of the temporal bone. These cases are charac-
terized by a lack of sleep due to otalgia and are 
more likely to be seen in patients who are older, 
immunocompromised, or have poorly controlled 
diabetes. The condition may be associated with 
Pseudomonas aeruginosa infections and requires 
microbiological testing [2].

Lyme disease from a tick bite is a bacterial 
infection that can result in facial nerve palsy in 

one of 10 seropositive patients. Serological tests 
are recommended if Lyme disease is suspected. 
While positive Lyme titres may be helpful for 
diagnosis, negative or equivocal results in an 
endemic area showing typical Lyme symptoms 
may justify empiric antibiotic therapy with doxy-
cycline even when there was no tick bite reported 
in medical history. Lyme-associated facial paral-
ysis has a relevantly high rate of bilaterality in 
contrast to Bell’s palsy. Normally it arises in the 
second phase of Lyme disease, several weeks or 
months after the initial tick bite. Additionally, 
cardiac abnormalities and neurologic symptoms 
including meningitis may occur [2].

Other conditions that may present with bilat-
eral facial paralysis include rare autoimmune dis-
eases such as Guillain-Barré syndrome (GBS), 
Melkersson–Rosenthal syndrome (MRS) and 
sarcoidosis. Although rare GBS is a serious 
autoimmune disorder in which the immune sys-
tem attacks healthy nerve cells in the peripheral 
nervous system. This may lead to symptoms of 
weakness, numbness or tingling, and can eventu-
ally cause ascending paralysis that may involve 
some or all of the cranial nerves. In these cases, 
analysis of cerebrospinal fluid is recommended, 
which may show elevated protein levels without 
pleocytosis and specific ganglioside autoantibod-
ies. The cause of this condition is still unknown, 
but it is typically triggered by an infectious ill-
ness such as severe gastroenteritis or a respiratory 
infection. With intensive neurological medi-
cal care, symptoms usually evolve over several 
weeks and recover over the next 4–6 months [2].

MRS is a neurological disorder characterized 
by recurrent, long-lasting swelling of the face, 
particularly of one or both lips (granulomatous 
cheilitis), recurrent and alternating facial palsy 
and a fissured tongue. Some affected individuals 
have all three of these features and others only 
one or two. Granulomatous cheilitis can be diag-
nosed by lid biopsy [2].

Neurosarcoidosis occurs in only 5–15% of all 
patients with sarcoidosis. It may manifest in an 
unusual manner and involves three cranial nerves 
resulting in anosmia (NI), facial palsy (NVII) and 
hearing loss (NVIII). When cranial nerve dys-
function occurs, it is critical to take neurosarcoid-

Table 23.1 List of possible causes of facial paralysis

Idiopathic Bell’s palsy
Trauma
Herpes zoster
Congenital
Tumour
Benign lesions
Diabetes
Infection/Otitis media
Lyme disease
Acoustic neuroma resection/surgery
Iatrogenic accident/injuries
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osis into consideration. Laboratory tests should 
include an evaluation of angiotensin-converting 
enzyme (ACE) and lysozyme. In addition, a chest 
X-ray is necessary to identify hilar lymphadenop-
athy. If conjunctival nodules are revealed, a tissue 
biopsy of the conjunctiva under local anaesthesia 
can be helpful to obtain histological proof of the 
suspected diagnosis [2, 11].

A test for the rheumatoid factor (RF) and anti-
nuclear antibodies (ANA) is useful to rule out 
rheumatological diseases such as rheumatoid 
arthritis and lupus erythematosus. If the chronic 
autoimmune disease Sjögren syndrome is sus-
pected, Sjögren-specific antibodies (SS-A/Ro and 
SS-B/La) should be included in the blood test [2].

A slow progressive onset of facial weakness 
is suggestive of cancer. However, the presence 
of pain or partial hemifacial paralysis may also 
suggest tumour disease, even when the onset 
of symptoms is fast, mimicking Bell’s palsy. 
The patient’s anamnesis needs to be rigorously 
checked for any history of regional cancer. In 
addition, a thorough examination of the head 
and neck region is necessary to look for cervical 
lymphadenopathy, in particular a parotid mass 
or a scalp lesion. The following imaging should 
be organized for further evaluation as soon as a 
clinical suspicion of tumour disease emerges: 
Computed tomography (CT) of the temporal 
bone and parotid area as well as magnetic reso-
nance imaging (MRI) with and without gadolin-
ium of the brain and the internal auditory canal, 
with special attention to the entire course of the 
facial nerve [2, 4].

Acoustic neuromas are known to account for 
about 80% of cerebellopontine angle lesions and 
most cases of tumour-related lower motor neuron 
facial palsy. These cases differentiate from other 
causes with ipsilateral sensorineural hearing loss 
and the absence of the corneal reflex sensitivity, 
which has also to be checked routinely during the 
ophthalmic check-up [4]. A combination of inad-
equate Bell’s phenomenon, corneal anaesthesia 
and severe dry-eye syndrome should be aggres-
sively managed with high-frequency lubricating 
eye care, consequent closure during the night and 
frequently performed eye checks to prevent cor-
neal complications [1].

Iatrogenic or postsurgical infections may be 
sequelae of any tumour resection in the ana-
tomic course of the facial nerve including parotid 
tumours and acoustic neuromas, but can also 
result from other surgery in the face in general, or 
after rhytidectomy (face-lift surgery). Traumatic 
causes such as temporal bone fractures or soft 
tissue injuries to the facial nerve should also be 
taken into consideration and are important for 
estimating the anticipated duration of the paraly-
sis itself [2].

Facial weakness is less likely in children than 
in adults to be due to Bell’s palsy. Therefore, 
urgent paediatric referral is required for children, 
who need extensive general paediatric and subse-
quent neuro-paediatric evaluation to establish the 
possible causes of the facial paralysis. Congenital 
abnormalities have to be carefully considered in 
new-born babies and differentiated from birth- 
related disorders. However, rarer causes including 
thalidomide toxicity, syphilis (Treponema palli-
dum), mononucleosis (Epstein–Barr virus), otitis 
media, CHARGE syndrome (including coloboma, 
heart defect, atresia choanae, retarded growth, 
genital hypoplasia, and ear anomalies with/with-
out deafness), Moebius syndrome (i.e. rare com-
plete congenital facial paralysis combined with 
paralytic strabismus due to cranial nerve paraly-
sis), craniofacial microsomia and oculo-auriculo-
vertebral dysplasia must also be ruled out [2, 12].

The major complications of untreated expo-
sure keratopathy are corneal and conjunctival 
lesions related to dryness and infection. Pain and 
dry-eye symptoms such as foreign body sensa-
tions may be caused by an impaired blinking 
reflex. Prevention of exposure keratopathy is par-
amount to avoid corneal breakdown, irreversible 
scarring, and permanent visual loss or impair-
ment because significant exposure keratopathy 
may be complicated by reduced corneal sensi-
tivity leading to neurotrophic corneal ulceration. 
Intensive lubricating local therapy with eye drops 
and ointment of various viscosities is therefore 
mandatory to prevent serious eye complications. 
Cosmetic deformities from enduring epiphora, 
paralytic ectropion and eyelid retraction may 
impair a patient’s quality of life and should 
always be addressed with special care.
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23.2  Basic Assessment by the Eye 
Doctor

An extensive eye examination should be per-
formed in all patients with facial palsy at initial 
diagnosis (see Table 23.2). Subsequent short- term 
controls should be planned for each patient indi-
vidually at least every one to two weeks depend-
ing on the clinical course of the palsy. Daily 

controls may be needed if the corneal complica-
tions are severe and corneal perforation is likely.

Initially, an extensive medical history is 
required including information about the onset 
and duration of symptoms, visual performance 
of both eyes before facial palsy occurred, any 
history of previous eye diseases, eye surgery, 
trauma, use of contact lenses, long-term eye med-
ication, and relevant allergies against eye therapy 

Table 23.2 Overview of the recommended eye examinations in all patients with facial palsy

Anamnesis Acute symptoms Onset and duration of ocular symptoms and eyelid closure deficiency
Dryness
Epiphora
Pain
Redness
Signs of inflammation
Additional systemic or neurological disease
Photophobia
Functional deficits

Medical history Previous eye disease(s)
Visual acuity on both eyes in youth respectively before the onset of 
facial palsy
Previous ocular or eyelid surgery
Previous trauma of eyelids or bulbus
Previous demand for medication or eye drops
Systemic diseases including cancer, diabetes
History of severe or recurrent herpes simplex or herpes zoster of the 
face, eye or ear
History of Lyme borreliosis or other infectious diseases
Any allergy (particularly against eye medication and antibiotics)
History of regional cancer

Inspection Lid closure deficit Extent of lagophthalmos at normal and forced lid closure attempts
Upper and lower eyelid 
position

Ectropion (eversion of the eyelid away from the eye globe)

Upper and lower eyelid retraction
Attenuate blink with decreased excursion of the upper eyelid

Bell’s phenomenon Up-rotation of the eye bulb at lid closure attempts for better 
lubrication of the cornea, absence is defined as a poor prognostic sign 
for the risk of epithelial corneal injury

Ocular motility Additional neurological symptoms
Pupillary reaction
Lacrimal apparatus Decreased tear production (Schirmer’s tests)

Lacrimal punctum malposition
Visual acuity 
examination

Best-corrected visual 
acuity

Evaluation of distance and near vision

Slit-lamp 
examination

Conjunctiva Signs of dryness

Cornea Epithelial defects
Corneal staining with fluorescein
Corneal and limbo corneal scars
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or  antibiotic agents [5, 13]. The mode of onset of 
symptoms may be helpful to distinguish between 
viral palsy (with typically acute onset) and 
malignancy (which normally progresses slowly) 
[2]. Visual acuity in the near and far distance has 
to be assessed as it is a very sensitive marker for 
corneal changes [1]. To target therapy, the cause 
of the facial palsy has to be identified. The most 
common infectious causes include a history of 
herpes zoster or Lyme disease and require sero-
logical blood tests.

Infection with the varicella-zoster virus may 
cause geniculate ganglionitis with a prodrome 
of otalgia and vesicular eruption within the 
ear canal, which may spread to the oral cavity 
(herpes zoster oticus). Facial paralysis may fol-
low the prodromal symptoms and is then called 
Ramsay Hunt syndrome (RHS), which is associ-
ated with sensorineural hearing loss and in 40% 
of cases vertigo owing to the involvement of the 
seventh cranial nerve (NVIII). It has to be consid-
ered that patients with RHS have a poorer long- 
term prognosis: only 21% of patients recover 
fully after 12 months of disease. In cases of RHS, 
oral steroid therapy should always be combined 
with antiviral acyclovir or valaciclovir therapy. 
Additional systemic analgesic medication may 
be needed because of the possible development 
of herpes zoster neuritis [2, 4].

The orbicularis oculi muscle strength should 
be fully examined in a blink attempt and with 
forced eye closure while the face is in repose. 
Forced lid closure activity is essential during 
inspection of the patient’s active lid closure abil-
ity to evaluate the amount of lagophthalmos. 
With peripheral facial palsy and clinically rel-
evant lagophthalmos, the lid rim may stay wide 
open. In cases of partial difficulty in closing the 
lids, the eyes lashes stay more visible compared 
with the healthy side (Fig. 23.1).

Cases of unilateral facial paralysis are ideal 
for comparison with the unaffected contralateral 
side/eye. As a systemic approach, starting with 
the wrinkling of the forehead is recommended, 
which should be evaluated semi-quantitatively. 
Then the brow should be examined for ptosis and 

Table 23.2 (continued)

Extensive tear film 
evaluation

Break-up time, staining, eversion of the lower lacrimal punctum

Anterior chamber Signs of uveitis or previous eye diseases
Photographic 
documentation

Slit-lamp images Corneal pathologies for follow-up, combined with fluorescein 
staining in cases of corneal epithelial defects

Corneal 
sensitivity

Corneal anaesthesia Deficiency indicative of acoustic neuroma

Microbiological 
swaps

Eyelids and conjunctiva In cases of sever conjunctivitis and corneal ulcer

Before onset of local antibiotic therapy
Intraocular 
pressure

Baseline and recurrent measurements during corticoid therapy 
mandatory to rule out secondary glaucoma and cortisone response

Fundus 
examination

Optic nerve evaluation

Macula and peripheral retina
Rule out diabetic retinopathy
Retinal vessels

Fig. 23.1 Forced lid closure with peripheral facial palsy 
on the patient’s left side. Note the relevantly less intense 
muscle action causing skin folds compared with the 
healthy right fellow-eyelids
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the upper eyelid for the degree and strength of lid 
closure as well as for lagophthalmos, each of these 
evaluations has to be quantified and  compared 
with the unaffected fellow-eye. Lagophthalmos 
should be checked in the upright and supine body 
position, especially after lid loading surgery [2].

In paretic lagophthalmos, upper eyelid retrac-
tion may be observed because of the levator 
muscle being unopposed by the paralysed orbi-
cularis oculi muscle. The lower eyelid may show 
paralytic retraction and ectropion. Both findings 
can increase the risk of exposure keratopathy and 
should be thoroughly evaluated [2]. All reported 
symptoms of ocular surface irritation have to be 
noted precisely including burning sensations, red-
ness, tearing, sticky secretions, or foreign body 
sensations. This is important for follow-up of the 
efficacy of lubrication therapy as pain sensations 
and ocular surface irritation are sensitive indica-
tors for insufficient local therapy and care [5]. 
Corneal sensation and staining should be quan-
tified to assess dry-eye syndrome and exposure 
keratopathy. The Schirmer test may be used to 
quantify the watery component of tear production. 
Slit-lamp examination is mandatory to diagnose 
corneal thinning or corneal ulceration early [2].

In all cases of lagophthalmos, an eye exami-
nation is also intended to exclude eye diseases 
other than peripheral facial palsy. Incomplete 
eyelid closure during sleep may be physiologic 
if the patient is showing normal and symmetrical 
forced eyelid closure when awake. A mechanic 
reason for lagophthalmos may be any extensive 
growing of the eye bulbus itself as in congeni-
tal glaucoma (called buphthalmos), high axial 
myopia or extensive staphyloma. Therefore, 
measurement of intraocular pressure and fundus 
examination preferably with dilated pupils is rec-
ommended for all eye assessment examinations 
in patients with facial palsy.

The presence of adequate Bell’s phenomenon 
has to be meticulously examined and documented 
for follow-up evaluations [1].

Corneal exposure may be caused by substan-
tial lid defects after trauma, surgery or radiation 
therapy leading to scar-induced ectropium of the 
eyelids. These defects are permanent. Surgical 
therapy has to be considered early.

Exophthalmos caused by Graves’ disease 
is one of the most frequent different diagnoses 
and is characterized by significant lid retraction 
and a permanent eye closure deficit. Laboratory 
evaluation of thyroid antibodies and the thyroid- 
stimulating hormone (TSH) is useful to diagnose 
thyroid eye disease. This is a condition in which 
the eye muscles, eyelids, tear glands and fatty tis-
sues behind the eye become inflamed. The eyes 
and eyelids may become red, swollen and uncom-
fortable. This diagnosis has to be ruled out during 
ophthalmic check-ups because a totally different 
therapy is needed [2]. Diabetic eye complications 
also have to be ruled out by ophthalmoscopy in 
all routine eye checks because of its high preva-
lence in patients with facial nerve palsy [12].

Establishing whether patients are following 
good ocular hygiene cleaning the eyelids regu-
larly with clear water at least two times daily is 
strongly recommended. This is of high clinical 
relevance because bacterial blepharitis may sig-
nificantly increase the risk of severe infectious 
complications of the cornea [1]. The function 
of the contralateral eye should also be assessed 
because patients with pre-existing monocular 
vision have to be treated more aggressively to 
preserve their stronger functioning single eye. 
Regular eye checks are recommended to prevent 
ocular complications as well as to follow recov-
ery and continuously adapt ocular therapy to the 
patient’s individual needs. Photographs may be 
valuable for documentation purposes.

The clinical grading system of cornea, asym-
metry, dynamic function and synkinesis (CADS), 
which was developed to grade and evaluate mea-
surements of ophthalmic sequelae in patients 
with facial nerve paralysis, is based on four dif-
ferent aspects of functional and morphological 
deficits: the corneal status, static facial asymme-
try, dynamic function and synkinesis are semi- 
quantitatively assessed to facilitate objective 
evaluation and follow-up of patients suffering 
from facial nerve paralysis. Absent corneal sensa-
tion and absent Bell’s phenomenon are included 
as negative prognostic indicators. Low tear pro-
duction with Schirmer’s test values of 5 mm or 
less may be considered. Monocular vision on the 
affected eye can be assessed as well [2, 14].
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23.3  Prognosis

In general, recovery from facial paralysis varies 
greatly and is strongly influenced by the cause and 
completeness of paralysis at initial presentation. 
Idiopathic Bell’s palsy is expected to recover spon-
taneously several weeks after onset but salvage 
may take more than 3–6 months. In these patients, 
no long-term surgical intervention is needed and 
they may fully recover their facial function [2]. 
Therefore, ocular protection is only needed until 
the blink rate is normal again and complete lid clo-
sure is achieved during the day and during sleep.

An evaluation of the clinical course of 2500 
patients with facial nerve paralysis found that 
94% of patients with initially partial facial paraly-
sis achieved full functional recovery. By contrast, 
only 61% of patients with dense and more flac-
cid paralysis achieved full functional recovery. 
However, it should be kept in mind that 4% of 
the patients with partial recovery suffered from 
severe complications. Older patients and those 
with diabetes, hypertension, postauricular pain, 
impairment of corneal sensitivity and taste had a 
poorer long-term prognosis [2, 7].

Patients suffering from RHS secondary to the 
varicella-zoster virus also had a generally poorer 
prognosis with just 50% achieving a complete 
recovery. Only 21% of these patients were found to 
regain their full facial function, whereas 24% had 
severe sequelae and 4% recovered no function at all 
[2]. Recovery after tumour and trauma is often dis-
appointing. In many tumour cases, surgical removal 
of the tumour necessitates sacrificing the facial 
nerve for surgical success causing a permanent and 
complete facial paralysis that requires nerve graft-
ing for surgical facial nerve rehabilitation [2].

23.4  Ocular Therapy

After a comprehensive basic ophthalmic assess-
ment, management of the eye in patients suffer-
ing from facial nerve palsy needs to start early 
with medical and surgical techniques specifically 
tailored to the individual. Initial therapy should 
focus on corneal lubrication by intensive applica-
tion of artificial tear drops and lubricant oint-

ment, preferably free from conservative agents. 
To prevent ulceration or dehydration of the cor-
nea, artificial tears should be applied every 1–2 h 
during waking hours, depending on the severity 
of ocular surface disease. Preservative agents 
such as benzalkonium chloride used in artificial 
tear drops may cause a severe local allergy reac-
tion as well as significant irritation of the ocular 
surface, particularly if long-term use is needed, 
and should therefore be avoided. Artificial tears 
with preservative agents may also have signifi-
cant toxic effects on the corneal epithelium if 
used more than 3–4 times a day. Tear drops free 
from preservative agents have been shown to be 
safe for more frequent application [1, 2, 4, 5].

In cases of severe ocular surface disease, more 
viscous solutions and lubricant eye gels and 
creams may be an option. However, the disadvan-
tage of blurry vision during the day has to be taken 
into account. If possible, lubricant ointment should 
only be applied during sleep at night to avoid a dis-
turbance of normal vison during the day. Adding 
an artificial tear ointment during sleep may further 
protect the eye when it is most vulnerable [13].

As long as eyelid closure is deficient, inten-
sive therapy including covering the eye during 
night with a central transparent shield fixed with 
a plaster, comparable to an adhesive moisture 
chamber, is mandatory. Its correct application is 
shown in Fig.  23.2. The intention is to provide 

Fig. 23.2 Correct application of a protective plaster for 
creating a humid chamber
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a humid chamber for effective protection of the 
eye surface against dryness. A thin strip of eye 
gel or ointment including vitamin A for increased 
epithelial healing should be applied to the lower 
eyelid fornix before covering the eye. Simply 
patching the affected eye is not sufficient because 
of the tendency for the eyelid to open under the 
patch due to the force of the unopposed levator 
muscle. Direct contact of the ocular surface to the 
patch may result in painful erosion [2].

Taping the eyelids for lid closure using skin- 
friendly plaster stripes should only be consid-
ered if a specially designed plaster with a central 
transparent shield is not available or not tolerated 
because of skin irritation. There is a high risk of 
inadequate closure when the ointment may inter-
fere with the adhesion of the plaster stripe tape, 
exposing the cornea to irritation from the tape 
itself. Therefore, plasters building a moisture 
chamber should generally be preferred over direct 
taping of the lids [1, 2]. Scleral contact lenses pro-
viding a precorneal tear reservoir and protecting 
the cornea may be an alternative to tarsorrhaphy. 
These special contact lenses work as a liquid ban-
dage to protect the cornea from eyelid interaction 
and exposure in addition to improving vision [15].

A special problem is an additional lack of 
corneal sensitivity in patients with facial nerve 
palsy. Corneal sensitivity is the primary factor 
for preserving the corneal epithelium intact and 
it initiates the blink reflex. A failure to maintain 
corneal integrity results in neuropathic keratopa-
thy including degenerative changes in the cornea 
and conjunctiva. Patients with facial paralysis 
and an anaesthetic cornea are at an even greater 
risk for developing a corneal disorder because an 
inability to completely close the eyelids leads to 
chronic exposure, severe dry eye, keratitis and 
finally a permanent loss of clarity. One surgical 
option for unilateral cases is direct corneal neu-
rotization using the contralateral supratrochlear 
or the supraorbital nerve as the donor sensory 
nerve, which may be performed in combination 
with facial reanimation procedures [16, 17]. In 
cases of corneal ulceration, there is always a high 
risk of corneal perforation and subsequent endo-
phthalmitis with severe inflammation of the vitre-
ous and complete loss of visual function.

Scheduling ophthalmic consultations at short 
intervals is mandatory for all patients with eye 
irritation, clinical symptoms or visual loss. It is 
particulary important for patients with concurrent 
corneal anaesthesia because the pain sensation 
may be missing as a leading symptom of severe 
ocular complications.

23.5  Surgical Management

In patients who will have permanent facial paral-
ysis, for example after parotid tumour resection 
or due to vestibular schwannoma, surgical man-
agement may be considered early. More conser-
vative treatment is typically warranted in patients 
with acute Bell’s palsy or possible neuropraxia 
following surgery [1].

As soon as the ocular surface has been stabi-
lized by the initial lubrication therapy, surgical 
treatment options may be considered depending 
on the severity and persistence of the eyelid mal-
position and ocular status. Surgical management 
for ocular protection can be divided into proce-
dures that involve the entire eyelid complex, or 
the upper and lower eyelids separately [1].

The decision for surgical intervention should 
always be taken after exhaustive consideration of 
the cause of the palsy, the degree of neurological 
impairment, the patient’s age and general medi-
cal condition, and the clinical setting available 
[2]. Temporary or permanent tarsorrhaphy are 
options as well as upper eyelid weight placement 
to treat eyelid retraction. Tarsorrhaphy is the 
traditional approach for surgical ocular protec-
tion. The palpebral fissure is shortened and the 
exposed ocular surface reduced. It is an effective 
procedure but can obscure peripheral vision and 
is cosmetically unappealing. Although tarsorrha-
phy is intended to be reversible, notching, ectro-
pion, trichiasis and epithelial cysts are possible 
complications. Therefore, tarsorrhaphy should 
not been attempted as a first-line approach but 
may be necessary where other methods of ocular 
protection have failed [1].

Gold or platinum implants for upper eye-
lid loading are valuable options for paralytic 
lagophthalmos treatment. The benefits of the 
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implant technique are its reversibility and that 
eyelid loading can be performed under local 
anaesthesia. In patients with pre-existing para-
lytic lagophthalmos, weights may be taped to 
the upper eyelid to determine the appropriate 
weight resulting in a maximum eyelid closure 
while minimizing visually significant ptosis. The 
weight may be placed through a supratarsal lid 
crease incision, underneath the orbicularis oculi 
muscle, secured to the tarsal plate with partial 
thickness bites approximately 2–5  mm from 
the lid margin. Gold and platinum weights are 
both relatively biologically inert and generally 
well tolerated. However, although rare, compli-
cations can arise including local inflammation, 
capsule formation, infection, migration, extru-
sion, induced corneal astigmatism, ptosis and 
cosmetic bulge deformity when the implant is 
placed in a pretarsal position. As platinum den-
sity is higher than gold, platinum implants are 
relevantly thinner and are more cosmetically 
appealing in the pretarsal position [1, 18]. To 
minimize the risk of extrusion, the lid loading 
implant can be covered by the aponeurosis of the 
levator palpebrae muscle or a fascia lata graft 
[18, 19]. Nevertheless, the number of revision 
surgeries is relatively high.

Eyelid magnets are currently in the develop-
ment stage. In future they could be taped to the 
upper and lower eyelid and implanted to improve 
eyelid closure, independent of gravity in the 
upright and supine body position. This should be 
an improvement compared with gold and platinum 
implants. Because of the impaired blink rate and 
residual lagophthalmos, particularly present in the 
supine position, gold weight implants can in fact 
worsen corneal exposure in the supine position [2].

Lengthening of the levator palpebrae superi-
oris muscle using a fascia lata graft may also be 
used to achieve eye closure [1, 20].

For lower eyelid retraction, medial and/or 
lateral canthoplasty may be performed with and 
without a middle lamellar spacer for optimum 
repositioning of the eyelid. Midface suspension 
is a surgical alternative. The intention is always 
fast protection of the ocular surface and mainte-
nance of corneal integrity by optimizing the eye-
lid position [1, 5].

Brow ptosis can lead to skin rubbing against 
the cornea and shedding of brow cilia directly 
on the ocular surface. Paralytic brow ptosis 
with a significant brow asymmetry requires 
powerful lifting because there is no frontalis 
function to assist. Browpexy or a direct brow 
lift may be considered as well as brow suture 
suspension [2].

Alternative rehabilitation methods include 
physical therapy with facial retraining exer-
cises, transcutaneous electrical stimulation, bio-
feedback and acupuncture. Botulinum toxin A 
injections may be used to reduce facial muscle 
contractures, synkinesis and hemifacial spasm. 
Chemo-denervation of the levator palpebrae supe-
rioris muscle can be used to induce temporary 
ptosis to protect the cornea. Transconjunctival 
injection of low-dose botulinum toxin into the 
lacrimal gland has been described to be success-
ful in reducing excessive tearing often associated 
with gustation [2, 21–23].

23.6  Summary

Damage to the eye is the most serious functional 
injury that may result from facial nerve impair-
ment. Facial nerve palsy has a severe impact on a 
patient’s quality of life. One of the most clini-
cally relevant sequelae is the risk of corneal sur-
face disease with the potential risk of blindness 
caused by deficient eyelid closure, insufficient 
eye lubrication and infectious complications. 
Therefore, all patients suffering from facial 
paralysis should be referred for ophthalmological 
diagnosis and early therapy for ocular protection. 
Moreover, extensive diagnostic evaluation and 
prompt diagnosis may be lifesaving in some 
patients with facial nerve paralysis.
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Oculoplastic Techniques and Gold 
Weight Implant

Bernardo Hontanilla

24.1  Correction 
of Lagophthalmos

Gold eyelid implants are designed for the gravity- 
assisted treatment of the functional defects of 
lagophthalmos resulting from facial paralysis. 
Placing a weight on the upper eyelid to increase 
the effects of gravity to close the upper eyelid is a 
very useful procedure for the patient with eye 
symptoms resulting from exposure and drying of 
the cornea. This surgical procedure has been 
established as a treatment for lagophthalmos [1–
3]. However, various problems beset this tech-
nique, even though it frequently provides 
adequate symptom relief [4, 5]. For aesthetic pur-
poses, the gold weight should not be visible when 
the eye is open. If the portion of the upper eyelid 
containing the tarsal plate is not exposed when 
the eye is open, the bulge of the weight will not 
be visible, giving pleasant aesthetic results. 
Nevertheless, the placement of the gold weight 
close to the border of the upper eyelid favors bet-
ter closure of the eye despite worse aesthetic 
results and frequent extrusion of the implant. The 
optimum weight is selected by attaching a trial 
gold weight or a sizing weight to the upper eyelid 

of the patient with an adhesive tape and observ-
ing the eyelid closure.

The minimum weight that will bring the 
upper lid within 2–4 mm of the lower lid should 
be chosen [4]. However, in almost 30% of cases, 
the choice of the gold weight implant is inappro-
priate to cause the closure of the eye after its 
definite placement on the tarsal plate [9]. The 
reason could be the high position of the gold 
weight on the tarsal plate. This placement 
implies a different angle between the vertical 
line and the axis of the weight when it is placed 
on the outside of the skin of the upper eyelid (as 
performed in the trial) as opposed to being laced 
inside on the tarsal plate (final location after sur-
gery). These two different outcomes might be 
caused by the different anatomical angles that 
influence the force acting on the weight in the 
upper eyelid when the head of the patient is in a 
vertical position (Fig. 24.1, left).

The force of an object falling obeys the fol-
lowing formula: mg (in which m is the mass and 
g is the gravity). If an object falls at an angle, the 
formula is as follows: mgcosα (Fig. 24.1, left). If 
we match both forces when the upper eyelid falls 
with the gold weight on the skin surface in the 
trial and on the tarsal plate after the surgery, the 
formula is as follows: m1gcosα  =  m2gcosβ, in 
which m1 is the weight of the gold implant located 
in the tarsal plate, α is the angle between the ver-
tical axis and the implant on the tarsal plate, m2 is 
the estimation of the implant weight placed on 
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the surface of the upper eyelid from the trial, and 
β is the angle between the vertical line and the 
weight located on the surface of the upper eyelid. 
Then, m1 = m2cosβ/cosα.

Thus, the weight of the gold implant to be 
finally placed on the tarsal plate must be the 
weight of the implant placed on the upper lid 
multiplied by the ratio between the cosine of both 
angles.

The choice of the optimum weight placed on 
the patient’s upper eyelid through the fixation of 
a trial gold weight or a sizing weight with an 
adhesive tape is evaluated by observing eyelid 
closure. The smallest weight which will provide 
good covering of the cornea should be used 
because large weights are more likely to migrate. 
As suggested by Manktelow, the minimum 
weight that will bring the upper lid within 
2–4 mm of the lower lid should be chosen [4]. It 
has been emphasized, however, that an under-
dosage gold weight implant is chosen to pro-
duce the same closure of the eye when it is 
finally placed on the tarsal plate in almost the 
30% of cases [2]. Compared with the speed of 
the normal blink reflex, the eye closure that is 
produced by the gold weight is very slow. To 

make the weight work, it is required that the 
patient should close the eyes and keep them 
closed for 1 or 2  s to give time for the lid to 
descend. Moreover, the same gold weight 
selected often results in a delayed eye closure 
when it is placed on the tarsal plate as opposed 
to the surface of the skin of the upper eyelid. 
Given the high position of the gold weight on 
the tarsal plate, the reason could be the different 
angle formed between the vertical line and the 
axis of the weight when it is placed on the skin 
of the upper eyelid (as performed in the trial) 
and when it is placed inside on the tarsal plate 
(final location after surgery).

These distinct effects are presumably caused 
by the different angles that influence the force 
acting over the upper lid when the head of the 
patient is in a vertical position. According to the 
results observed in this study, the value of the 
angle between the vertical line and the gold 
implant on the superficial eyelid skin is 22° when 
the eye is open and 0° when it is closed. However, 
these results are 40 and 18°, respectively, for the 
angle between the vertical line and the weight on 
the tarsal plate. This variation leads to a different 
overall force acting on the eyelid when the gold 

F=mgcosα

F=mgcosβ

A

β

α

F=mg

Fig. 24.1 (Left) A schematic drawing of the different 
forces that act over the upper eyelid after the gold weight 
is placed on the surface of the skin or on the tarsal plate. 

(Right) Figure shows a lateral view drawing of the lids 
and eyeball. Note the correct location of the implant
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implant is placed on the surface of the skin or on 
the tarsal plate.

Thus, as previously mentioned, a constant 
must be multiplied by the mass of the implant 
estimated in the trial to achieve the same closure 
of the eye after the final location of the gold 
implant. Although skin laxity during taping may 
alter the effect of the weight on lid closure, it is 
not affected when the gold weight chosen is 
placed on the tarsal plate in cases in which no 
skin recession is needed or no elevation of the 
eyebrow is performed. If it were the case, it 
should be necessary to add to the gold implant 
the weight of the skin resected. Moreover, care 
should be taken when the eyebrow is lifted 
because some quantity of skin is repositioned out 
of the upper eyelid, and it is necessary to test pre-
operatively the action of the gold weight carrying 
out the elevation of the eyebrow with the finger. 
However, recession of the levator muscle should 
be considered at surgery to avoid the possibility 
of postoperative ptosis of the upper eyelid [10]. 
Thus, mild ptosis is present in four patients of our 
series after placing a heavier gold weight. 
Anyway, according to data presented, a gold 
weight implant 0.2  g heavier than expected 
should be chosen to obtain better eye closure in 
terms of quantity and time of closure for lagoph-
thalmos in facial paralysis. Therefore, if a 1.2-g 
implant results in eyelid closure in the trial, one 
should use a 1.4-g implant to obtain the best 
results.

24.2  Correction of Ectropion

Ectropion leads to inappropriate contact between 
the lower tear duct and the eyeball. This situation 
causes epiphora, which may be increased by the 
aberrant re-innervation of the lachrymal gland. 
Various surgical techniques are used to correct 
this condition, including tarsorrhaphy, external 
canthoplasty, and canthopexy [6]. In external 
canthoplasty, the external canthal ligament is 
taken out and then re-inserted higher in the peri-
osteum of the frontal bone to ensure that the ten-
don is more stable. The use of a tendinous strap 
[7], or less frequently, alloplastic material, in the 

free edge of the lower lid is a common practice. 
The objective of this procedure is to support the 
lower eyelid against the eyeball to avoid epiph-
ora. Alloplastic material is not recommended 
because of the high risk of infection and extru-
sion [6]. Long-term studies show that anchoring 
the tendon strap to the internal canthal ligament 
usually produces a loss of the graft tension so that 
the ectropion often reappears, and the epiphora 
worsens due to the loss of contact between the 
tear duct and the sclera. In this chapter, we 
describe a modification of the classical technique 
of suspension using tendons. Anchoring of the 
tendon to the internal canthus and external orbital 
bone is presented as an effective procedure to 
improve epiphora.

Different techniques have been described for 
the surgical treatment of ectropion and epiphora 
in patients with facial paralysis. Among these, 
tarsorrhaphy, canthoplasty, and canthopexy were 
the most commonly used, as mentioned above 
[7]. Tarsorrhaphy can interfere with the tempo-
rary field of vision, and external canthoplasty 
offers a poor aesthetic result, as it closes the lat-
eral portion of the palpebral opening. Finally, in 
canthopexy, the recurrence of epiphora is fre-
quent because the tear duct loses contact with the 
eyeball due to the lateral traction to which the 
eyelid is submitted.

Several techniques using suture anchors have 
been described [8–10]. On the one hand, it has 
been described a technique using just one anchor 
with 3/0 non-absorbable sutures. These authors 
do not use tendons to support the lower eyelid, 
but a muscle transfer or hypoglossal-facial nerve 
was performed in five and one of the seven 
patients used by theses authors, respectively. The 
anchor is inserted in a hole at the frontal process 
of the maxillary bone, and the sutures are 
anchored to the periosteum of the zygoma after 
passing though the lower eyelid. Others use a ten-
dinous graft which is fixated medially and only 
anchored laterally using the Mitek system. In 
their study, the authors used other procedures 
such as free muscle transfers, direct neurotiza-
tion, and cross-facial nerve to correct the ectro-
pion, which could enhance the long-term results 
achieved using the Mitek system. Thus, the mini- 
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tendon graft is presented as a supplementary 
technique in combination with dynamic 
 techniques. The new technique described in our 
article uses two screw anchors, medially and lat-
erally, which allows us to displace both anchor-
age points of the lower eyelid in the cranial 
direction. This displacement favors contact 
between the tear duct of the lower eyelid and the 
eyeball to facilitate lachrymal drainage. The 
increased elevation, especially in the medial por-
tion of the lower eyelid, prevents the reappear-
ance of the ectropion and epiphora. Moreover, in 
our study, no dynamic procedures were per-
formed in any patients which could modify the 
results obtained when the anchoring system is 
used. Thus, we present a technique with good 
results using an isolated procedure.

The use of suture screw anchors requires three 
surgical incisions (Fig. 24.2 left). The first inci-
sion is made 0.5  cm above the medial canthal 
ligament, the second is located laterally to the 
external canthus, and finally the last incision is 
performed 1 cm lateral to the upper eyelid in the 
external orbital bone. The surgeon makes a tun-
nel in the lower eyelid using a keith 14F needle. 
The tendon graft is inserted along the tunnel 
(Fig. 24.2 center and right). Then, the tendon (the 
palmar longus tendon or the fascia lata) is 
attached to the inner canthal ligament. Once the 
tendon has been attached, the lateral portion of 
the tendon is attached also to the external orbital 
bone with an anchor. We move up the anchor 
point of the lower eyelid, especially in the medial 
portion, obtaining better contact between the tear 
duct and the sclera. This contact facilitates the 
drainage of the tear and prevents epiphora. 

Finally, the free border of the lower eyelid should 
be located 1.5 mm above the pupil with more ten-
sion than required in anticipation of lowering of 
the lower eyelid over the following few weeks.

24.3  Conclusion

The use of the gold weight is an established pro-
cedure in the treatment of lagophthalmos and 
usually produces successful results. The critical 
technical issues are the firm suture fixation to the 
tarsal plate and the high location of the weight 
on this plate. However, the estimated weight of 
the implant from the trials on the skin of the 
upper lid fails to obtain the expected eye closure 
outcomes after surgical implantation on the tar-
sal plate. One of the main reasons could be the 
different curvature on the skin and on the tarsal 
plate of the upper eyelid. In this chapter, the 
angles between the vertical line and the surface 
of the outer (skin) and inner (tarsal plate) part of 
the upper eyelid have been analyzed when the 
eye is opened and closed. The results show that 
an addition of 0.2 g to the gold weight estimated 
in the trial is required to achieve a similar clo-
sure of the eye by means of the gold implant on 
the tarsal plate.

On the other hand, the patients treated by the 
technique described presented adequate reso-
lution of ectropion and epiphora in the postop-
erative evaluations. There was no recurrence of 
ectropion in the group of patients treated with 
screw anchors after 2 years of follow-up. A sur-
gical revision was necessary in two patients to 
correct hypertension detected 1  month postop-

Fig. 24.2 (Left) Shows the plantaris tendon for the free 
border of the lower eyelid and the three incisions to pass 
the tendon. Note the elliptical excision of the frontal skin 

to rise the eyebrow. (Center) Once the tendon is passed 
through the free border of the lower eyelid and attached to 
the medial cantus, it is possible to rise the lid (right)
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eratively. Lagophthalmos and epiphora were 
not found in any patient after surgical repair. 
The patients were asked about any interference 
of the lower eyelid in the visual field, and no 
patients were found to have problems of this kind 
(Fig. 24.3).
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Fig. 24.3 A patient presenting a left-side facial paralysis. 
The patient is impeded to close the left eye and presents 
ectropion of the left lower eyelid and ptosis of the eye-
brow. A 1.2-g gold weight was chosen in the trial and a 
1.6-g implant was placed on the tarsal plate to correct the 
lagophthalmos. We performed the correction of the ectro-
pion by using a static support with a sling of plantaris ten-

don and external canthoplasty. We also performed a 
cutaneous excision of the upper eyelid and elevation of the 
eyebrow with a cutaneous excision of the frontal skin. The 
same patient is shown 6  months after surgery with the 
eyes closed. The resolution of the ectropion is visible, 
elevation of the eyebrow is noticeable, and no ptosis of the 
upper eyelid is present
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Key Points
• Dynamic concepts of ocular reanimation 

involve the creation of active eye closure via 
nerve and/or muscle transfer and usually apply 
to long-standing, irreversible facial palsy or 
congenital absence of the facial nerve or 
muscles.

• Regional muscle transposition aims at reliable 
and immediate return of eye closure, but does 
not account for spontaneous mimetic nature, 
whereas free tissue transfer allows for synchro-
nous, mimetic movement, but requires a pro-
longed time to achieve the desired function.

• Temporalis muscle transposition is a straight-
forward, reliable approach in adults providing 
immediate function, but lacks responsiveness 
to emotion and spontaneous blinking reflex.

• Frontalis muscle transposition should be con-
sidered in young facial palsy patients with 
severe ocular involvement.

• Free muscle transfer provides a high ampli-
tude of movement, blink restoration, and 
potential simultaneous multi- level restoration 
of the completely paralyzed hemi face.

25.1  Introduction

Functional problems around the eye due to facial 
palsy are usually addressed with priority to com-
pensate for the reduced or missing eye sphincter 
closure. Besides permanent application of artifi-
cial tears, ointment, or occlusion with a wet 
chamber, impaired vision, corneal ulceration, 
conjunctivitis, tearing, and an increased sensibil-
ity of the eye to light, wind, or sun not only 
reduce patients’ life quality but also restrict their 
working capacity tremendously [1].

Ocular reanimation constitutes of static and/or 
dynamic components. “Static” is defined as tech-
niques involving an insertion of an implant or an 
intervention, which passively assists in eyelid 
closure but does not allow for a physiological 
pathway for restoration of synchronous and coor-
dinated blink. These early static concepts to 
reduce the height of the palpebral aperture 
include the palpebral spring in the 1960s insert-
ing a stainless steel wire spring in the upper lid 
aiming at restoration of proper synergism of eye-
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lid movement, and improved cosmesis while 
respecting the importance of the tear-film [2]. 
Similar approaches followed soon after, e.g., by 
Arion in the 1970s with the cerclage technique 
also addressing the lower lid as well as lid load-
ing techniques as introduced by Jobe [3, 4]. With 
the advances of microsurgical techniques and 
instruments and to comply with the essential rule 
to replace “like with like” several autologous 
concepts for eye sphincter reconstruction have 
been described. These “dynamic” concepts 
involve the creation of active eye closure via 
nerve and/or muscle transfer and usually apply to 
long- standing, irreversible facial palsy or con-
genital absence of the facial nerve or muscles. 
They can be classified as either regional muscle 
transposition or free muscle grafts.

25.2  Regional Muscle Transfer

25.2.1  Temporalis Muscle 
Transposition

The classic temporalis muscle transposition—
first described by Gillies and Millard in 1934—is 
still often considered first choice to achieve 
dynamic eyelid closure in adults [5, 6]. In the 
authors’ opinion, this approach is not to be used 
in children as masticatory muscles should not be 
compromised at a young age as well as to prevent 
negative effects on the growth of the facial 
skeleton.

The temporalis muscle is a fan-shaped mus-
cle located in the temporal fossa of the temporal 
bone. The muscle fibers take origin from the 
periosteum of the inferior temporal line and 
from the infratemporal crest of the temporaI 
bone. All the fibers converge towards the tendon, 
which inserts on the coronoid process of the 
mandible. Before inserting into the coronoid 
process, the muscle runs underneath the zygo-
matic arch. The blood supply of the temporalis 
muscle is primarily the deep, anterior and poste-
rior temporal arteries of the internal maxillary 
system, which enter the deep surface of the mus-
cle between the zygoma and the pterygoid mus-
cle. The nerve supply is from the deep, anterior 

and posterior temporal nerves, branches of the 
mandibular division of the trigeminal nerve. The 
temporalis muscle and fascia fuse together with 
the galea aponeurosis at the superior insertion of 
the muscle. Inferiorly, the muscle fascia splits 
into two layers before inserting to the zygomatic 
arch.

The operative technique described in the fol-
lowing paragraph is based on Gillies and 
Millard’s approach with some modifications 
introduced by Frey and Giovanoli [1]. The tem-
poralis muscle is exposed by a preauricular skin 
incision, which is elongated into the hair-bearing 
temporal area vertically with a bow-like incision 
towards the hairline. In a complete, irreversible 
lesion, no care has to be taken with the branches 
of the facial nerve, and subcutaneous fat tissue is 
removed onto the lateral orbital rim to prevent a 
bulging deformity by creating space for the 
transposed part of the muscle. A 2- to 2.5-cm-
wide central strip of the temporalis is mobilized 
by cutting the temporal fascia and the muscle 
with two parallel vertical incisions down to the 
temporal bone (Fig. 25.1). The posterior incision 
has to be somewhat longer than the anterior inci-
sion to keep the transposed muscle fibers under 
the same resting tension. The anterior fibers have 
to go a shorter distance than the posterior fibers, 
and it is very important that the ventrally neigh-
boring temporal fascia is maintained intact. This 
allows for functioning as a hypomochlion for the 
muscle fibers of the transposed part. Otherwise, 
the fibers altering their direction of pull by about 
90° will not be effective to the eyelids during 
contraction. At this point, a 1-cm strip of tempo-
ral fascia is taken from its anterior part just next 
and parallel to the hypomochlion. It is taken in 
maximal length from the temporal line down to 
the zygomatic arch, where it separates to the 
superficial and deep layers of the temporal fascia 
with some fat tissue in between. This procedure 
again creates additional space for the muscle to 
be transposed. The fascial strip is divided into 
two equal strips about 5 mm wide. The central 
part of the temporalis is mobilized subperioste-
ally and divided for 2 cm at the end into equal 
slips. The two slips of the muscle are elongated 
with the prepared fascial strips, which are 
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sutured to the ends by nonabsorbable 4-0 sutures. 
Two tunnels are created by blunt dissection. A 
thread of silk is pulled through each tunnel in the 
upper and lower eyelids using special scissors 
with a hole in the tip. The tunnel in the upper 
eyelid should be made bow-like, with some dis-
tance from the lid edge. That way, the lateral pull 
of the transposed temporal muscle will push 
down the upper eyelid more efficiently. Complete 
closure is realistically obtained. In contrast, the 
tunnel in the lower lid has to be as near to the lid 
edge as possible to prevent or correct ectropion 
of the lower lid as much as possible. The anterior 
crus of the medial palpebral ligament is exposed 
by a small angled incision of the overlying skin. 
The elongated muscle slips are pulled through 
the tunnels. The fascial strips are both brought 
behind the ligament and sutured carefully to the 
ligament with nonabsorbable 4-0 sutures. The 
tension of the two slips of transposed temporalis 
is of crucial importance. The lower slip needs 
overcorrection for good lasting support of the 
lower eyelid, which has a tendency to sag 
because of gravity. The upper slip is at risk of too 

much tension, which can cause an asymmetri-
cally narrow lid fissure if it is too tight, or of too 
little tension, which can cause ineffective sphinc-
ter function during contraction of the transposed 
temporalis. Some fine-tuning of the resting ten-
sion is still possible by placing some stabilizing 
fixation sutures between the rims of the temporal 
muscle and the fascial strip serving as hypo-
mochlion in the temporal region. This is one of 
the most crucial part of the operation, as it has a 
great impact on the functional result. The 
remaining posterior part of the temporalis is now 
mobilized, leaving the temporal fascia behind, 
and the mobilized part of the muscle is used to 
fill up the depression at the donor site of the 
transposed part. In that way, a donor-site defor-
mity is prevented. In the majority of patients, 
temporalis transposition is combined with a 
cross-face nerve graft during the same operation 
to prepare for a free gracilis muscle transplant to 
the cheek for smile reconstruction 8–10 months 
later.

The basic advantage of this technique is the 
introduction of a large volume of living and 
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dynamic muscle into the face. The procedure is 
supposed to be fairly straightforward without 
microsurgical skills needed. The static support 
provided with reposition of the lacrimal punc-
tum, enhancement of the possibility of myoneu-
rotization, and not least the immediate onset of 
function after the operation are further advan-
tages. Disadvantages include required voluntary 
eyelid closure, unresponsiveness to emotion, lack 
of spontaneous blinking reflex, and synkinesis 
when chewing or clenching the teeth [7]. Some 
authors report chronic temporal-mandibular joint 
dysfunction and undesired tissue bulk over the 
zygomatic arch [8]. However, following the oper-
ative technique described above, the article 
authors rarely had to face the two latter 
problems.

25.2.2  Frontalis Muscle Transposition

In-depth studies of the frontalis muscle as trans-
posed substitute for the eye sphincter introduced 
by Lee and Terzis in 1984 demonstrated  sufficient 
eye closure with successfully restored coordi-
nated involuntary blink [8, 9]. This procedure 
should be kept in mind for young facial palsy 
patients with severe ocular involvement.

The frontalis is a thin, quadrilateral muscle, 
which adheres to the superficial fascia of the 
forehead. The frontalis muscle has no bony 
attachments as it is continuous with the procerus, 
the corrugator, and the orbicularis oculi muscle. 
From these attachments the fibers are directed 
upward and join the galea aponeurotica below the 
coronal suture. The frontal branch of the facial 
nerve innervates the frontalis muscle while its 
dominant blood supply comes from the supraor-
bital and supratrochlear vessels.

The following operative concept is adopted 
from Terzis and Karypidis [10]. Transferring the 
contralateral, unaffected frontalis muscle to the 
paralyzed orbicularis oculi as a pedicled muscle 
transfer is performed via a bi-coronal skin inci-
sion posterior to the hairline followed by subga-
leal dissection to the level of the left and right 
supraorbital rim. A subcutaneous pocket is devel-
oped over the unaffected frontalis muscle. Lateral 

dissection allows for identification of the frontal 
nerve branches facilitated by use of electrical 
nerve stimulation. Once the frontal flap is raised 
to the supraorbital rim, the supratrochlear vessels 
are identified. The frontalis muscle dissection is 
then continued just beyond the midline creating a 
tunnel over the glabella from the supraorbital rim 
of the unaffected side to a contralateral medial 
canthal incision. Subcutaneous tunnels are then 
created along the upper and lower eyelids from 
the medial to the lateral canthal areas. Once fully 
dissected, the frontalis muscle is separated in 
appropriate medial and lateral segments, making 
sure that each half remains vascularized and 
innervated. Each slip of the frontalis is passed 
through the glabellar tunnel to the medial canthal 
incision and then each segment is subsequently 
tunneled across the upper and lower eyelid to the 
lateral canthal region. The tension is then adjusted 
so as to reproduce a complete sphincter around 
the eye. The overlapping ends of the frontalis 
muscle are finally sutured at the level of the lat-
eral canthal tendon and around a periosteal flap at 
the lateral orbital rim. The previously placed 
cross-facial nerve graft allowing for reinnerva-
tion of the eye sphincter is then identified and 
coapted to the frontal nerve of the frontalis mus-
cle using 11-0 nylon sutures. The scalp and 
orbital incisions are then closed in layers 
(Fig. 25.2).

This concept describes a fairly straightfor-
ward dissection without need of vascular anasto-
mosis achieving sufficient eye closure and 
coordinated involuntary blink. Donor-site mor-
bidity is acceptable as the “removal” of the unaf-
fected frontalis muscle usually leads to a more 
symmetrical position of both eyebrows with the 
option to correct it by static brow elevation in a 
later step. Careful dissection of the unaffected 
frontal branch as well as precise microsurgical 
nerve coaptation to the previously placed cross- 
face nerve graft is needed.

25.2.3  Orbicularis oculi Transposition

A rather recent approach to ameliorate eye 
sphincter function was introduced by Sadiq and 
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Dharmasena [11]. They propose the transposition 
of the contralateral orbicularis oculi muscle as 
potential extension of previously performed mus-
cle transfers aiming at restoration of an involun-
tary blink and medial eyelid support.

Arising from the nasal part of the frontal bone, 
from the frontal process of the maxilla, and from 
the anterior surface of the medial palpebral liga-
ment, the orbicularis oculi muscle directs later-
ally as a thin layer covering the eye lids, 
circumference of the orbit as well as spreading 
over the temple and downward on the cheek. The 
palpebral part comprises of the preseptal and pre-
tarsal orbicularis muscle which distinction is cru-

cial for the procedure described below. It is 
innervated by rami zygomatici of the facial nerve 
and its dominant blood supply comes from small 
branches arising from the superficial temporal 
artery.

The following technique described is adopted 
from Sadiq and Dharmasena [11]. The preseptal 
orbicularis oculi muscle from the unaffected 
upper eyelid is exposed via an upper lid skin 
blepharoplasty. A flap of healthy orbicularis 
 muscle is raised, remaining attached medially via 
a wide pedicle to spare its nerve and vascular 
supply (Fig.  25.3). A subcutaneous tunnel just 
below the glabella is then prepared and the orbi-
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Fig. 25.2 (a) First stage of CFNG from frontal branches 
of the non-paralyzed face to the contralateral eye. (b) 
Transposition of contralateral frontalis muscle based on 

supratrochlear vessels and nerve anastomosis from the 
CFNG to the nerve branch of the frontalis muscle

25 Dynamic Eye Closure



264

cularis flap is passed to the affected side. It is then 
divided into a superior and inferior slip, which 
are then sutured into the paralytic orbicularis in 
the upper (via an upper lid skin crease incision) 
and lower eye lid (via a subciliary incision). The 
orbicularis oculi muscle of the affected eyelid is 
incised about one-third along the eyelid length 
and the transposed muscle flap sutured into the 
gap using 6-0 Vicryl sutures. The incisions are 
closed with 7-0 Vicryl suture.

Sadiq and Dharmasena emphasize that 
dynamic muscle transfer using the contralateral 
orbicularis muscle may be considered an adjunct 
to improve the voluntary lid closure and sponta-
neous blink reflex in patients with complete facial 
nerve palsy and persistent symptoms of exposure 
keratopathy who have not benefited from conven-
tional surgical procedures.

25.2.4  Free Functional Muscle Grafts

Free functional muscle grafts constitute another 
reconstructive entity in long-standing and irre-
versible facial palsy—combining the benefits of 
introducing autologous functioning muscle tissue 
into the paralyzed face with freely adjustable 
angles and vectors, sufficient excursion, simulta-
neous multi-level facial reconstruction (e.g., split 
gracilis for eye closure and smile), allowance for 
blink restoration, and not least low donor-site 
morbidity. Presence of an intact donor nerve 
(e.g., cross-face nerve graft, masseteric nerve) 
remains a prerequisite. The most commonly 
transferred muscles for facial reanimation go 
back to the 1970/1980s and include the gracilis 
and the pectoralis minor muscle [12, 13]. Further 
donor muscles for eye sphincter restoration rep-

1

1 - Orbicularis oculi
palpebral part
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Fig. 25.3 (a) Harvesting of the orbicularis oculi, palpebral portion from the non-paralyzed face. (b) Transposition and 
split in two segments for the lower and upper eyelids
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resent the free platysma, occipitalis, extensor 
digitorum brevis, and a slip of adductor longus 
transfer [9]. The choice of the flap mainly 
depends on the physician’s preference. For rea-
sons of clarity, the authors will exemplarily 
describe the principles and operative details of 
eye sphincter restoration by means of the free 
functional gracilis transfer followed by the free 
platysma transfer.

25.2.5  Free Functional Gracilis 
Transfer

The authors prefer using the free functional grac-
ilis transfer for simultaneous eye sphincter and 
smile restoration in young patients in order not 
to compromise the growth of the facial skeleton. 
In adults, a free gracilis muscle transplant for 
eye closure is used if the temporalis muscle is no 
longer available for transposition. The possibility 
of separating the gracilis muscle into two func-
tional territories goes back to Manktelow and 
Zuker in 1984 [14]. Muscle transplantation with 
micro- neurovascular anastomoses is performed 
8–10 months after double cross-face nerve graft-
ing between a zygomatic branch and a temporal 
branch of the facial nerve on the contralateral 
healthy side and the paralyzed side of the face. 
Eight to 10 months are necessary for the regen-
erating facial nerve fibers to reach the distal ends 
of the cross-face nerve grafts. The Tinel sign is an 
excellent tool to clinically monitor the progress 
of nerve regeneration.

Details on gracilis flap harvest can be found in 
literature, e.g., Chuang [15]. The gracilis muscle 
is exactly tailored while still in situ and under the 
original resting tension at the medial thigh. 
Anesthesia should be carried out without muscle 
relaxation. After identification of the dominant 
proximal vascular pedicle and the motor nerve as 
a branch of the obturatorius nerve, the motor 
nerve is separated into two fascicles. The territo-
ries innervated by the two fascicles are identified 
by electrostimulation. The degree of overlapping 
of the two territories of innervation will influence 
the degree of synkinesis of the muscle parts used 
for the eye and mouth region. Clearly divided ter-

ritories will make the movements of both regions 
independent and only controlled by their own 
cross-face nerve graft. About two-thirds of the 
width of the muscle is used for transfer; the 
length depends on the needs of the recipient site 
in the face. The greater territory is split distal to 
the muscle hilus into three strips, which are 
exactly planned before division according to the 
face measurements. The shortest strip is used for 
the corner of the mouth, the midsize strip is used 
for the upper lip, and the longest strip is used for 
the lower lip. The other territory is split into two 
strips, a thin one for the upper lid and a thicker 
one for the lower eyelid. This should prevent a 
too strong closure of the upper lid during rest. At 
the same time, the strip for the lower eyelid 
should give good support against gravity and pre-
vent ectropion. Documentation of the resting ten-
sion by using a stretched silk thread sutured to 
the surface of the muscle gives the chance to put 
the muscle transplant under the same resting ten-
sion in the recipient area after transfer. The recip-
ient bed in the face has to be prepared before 
ligation of the vascular pedicle of the gracilis 
muscle graft. From a preauricular face lift inci-
sion, tunnels are dissected towards the upper and 
lower eyelids. The medial palpebral ligament is 
exposed by an angular incision, and two long 
threads are pulled through the tunnels. When the 
gracilis muscle is transferred to the face, the two 
muscle strips are carefully pulled through the 
prepared tunnels in the upper and lower eyelids. 
The muscle origin is attached at the temporal fas-
cia with 2-0 nonabsorbable sutures. The muscle 
strips are then positioned behind the palpebral 
ligament and fixed there with 4-0 nonabsorbable 
sutures under correct tension. At the end of the 
operation, slight overcorrection is intended. After 
fixation of the other muscle parts to the perioral 
region, the vascular anastomoses are performed 
on the superficial temporal vessels under the 
microscope. Finally, the distal ends of the two 
cross-face nerves are coapted to the two fascicles 
of the gracilis muscle nerve. Great care has to be 
taken that the cross-face nerve graft connected to 
the zygomatic nerve branch at the healthy side is 
sutured to the correct nerve fascicle supplying the 
territory used for the eye sphincter reconstruc-
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tion. Marking of one of the fascicles with a 10-0 
suture at the donor site is recommended for cor-
rect matching later on in the recipient area 
(Fig. 25.4a, b).

Whereas a regional muscle transposition like 
the temporalis muscle has its advantage in the 
onset of immediate function after the operation, 
the gracilis muscle transplant achieves stronger 
functional long-term results [1]. Patients with 
gracilis muscle transplant should expect symp-
toms of lagophthalmos for up to 1 year. But in the 
final outcome, however, it is the authors’ experi-
ence that eye closure is more complete and has a 
higher amplitude of movement after free gracilis 
transfer as compared to temporalis muscle trans-
position. Synkinesis when smiling or blinking 
after free split gracilis transfer constitutes an 

unsolved sequela. Although two separate 
 cross- face nerve grafts are usually used for rein-
nervation of the two territories for the eye as well 
as the mouth, neuronal overlapping is unprevent-
able. Sometimes, hyperfunction has to be cor-
rected by surgical myectomy. The authors prefer 
this small intervention in the case of overcorrec-
tion over the risk of a final unsatisfying result 
caused by undercorrection without the additional 
possibility of functional improvement.

25.2.6  Free Functional Platysma 
Transfer

Lee and Terzis et  al. first came up with idea to 
transfer the platysma as a free functional muscle 

1

2

3

4

1 - Gracilis muscle divided
in 2 for eye / smile

2 - Nerve coaptation to 
CFNG to the eye

3 - Nerve coaptation to 
CFNG to the smile

4 - Vascular anastomosis
to facial vessels

1

2

a b

Fig. 25.4 (a) First stage with double CFNG to the eye 
and smile. (b) Second stage with free gracilis transfer split 
in an eye component and smile component with separa-

tion of functional units and separate innervation to the 
CFNG
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graft for eye closure reanimation in 1984, but the 
technique was discarded soon after due to techni-
cal problems and difficulties. Twenty years later 
free platysma transfer was again considered an 
option for eye closure reconstruction of the para-
lyzed face. To date, only few studies using this 
approach have been reported [9, 16]. There is 
only one major series with 24 patients recently 
published by Guelinckx [17]. The operative tech-
nique described in the following paragraph is 
mainly derived from his publication.

The approach starts with the cross-face nerve 
grafting (CFNG) procedure (Fig. 25.5), which is 
performed via a facelift incision with extension 
in the temporal hair and submandibular crease 
to fully expose the facial nerve on the healthy 
side. Tedious dissection is needed for selection 
of the donor branches to connect the CFNG to. 

Guelinckx uses one branch for forceful closure 
of the upper eyelid together with one-half 
branch of the preseptal portion of the upper eye-
lid for blink. Intra-operative stimulation is 
obligatory spearing at least 60% of the branches 
for normal eye closure and blink on the healthy 
side. The sural nerve graft is placed supra-
orbitally in an orthodromic manner with end-to-
end or end- to- side coaptation using 11-0 nylon. 
About 9 months later with Tinel’s confirmation 
of CFNG sprouting, the patient is scheduled for 
platysma transfer. With the patient in supine 
position, dissection of the temporal vessels of 
the paralyzed side is performed via a common 
facelift incision on the paralyzed side. The plane 
of the facelift incision is continued to the lateral 
canthus and then joined with the eyelid 
incisions.

3

4

2

1

1 - Donor site from
contralateral side

2 - Free platysma flap

3 - Nerve coaptation to
CFNG

4 - Vascular anastomosis
to sup.temporal
vessels

1

1 - CNFG

a b

Fig. 25.5 (a) First stage with CFNG. (b) Free platysma muscle harvest from the contralateral side and insetting and 
anastomosis to the superficial temporal vessels and the CFNG

25 Dynamic Eye Closure



268

On the contralateral side, a 6 cm incision 2 cm 
below the mandibular border allows for full dis-
section of the anterior surface of the platysma 
from the mandible to the clavicle. The distal 
insertion of the platysma is sharply transected 
using scissors. Two transfixing sutures may help 
elevating the thin platysma from the underlying 
tissues from caudally to cranially. The facial 
artery and vein are clipped above the mandibular 
border and followed downwards until the 
branches to the platysma are identified. There is 
no need to isolate these perforating vessels to the 
platysma; the facial vessels are followed towards 
their origin to lengthen the pedicle. The motor 
nerve to the platysma is isolated on the lateral 
border using electrical stimulation. This thin 
nerve should be dissected up to the marginal 
mandibular branch of the facial nerve. Before 
dividing the pedicle, the parallel-fibered architec-
ture of the platysma muscle allows for dividing 
the muscle into an upper and lower portion with-
out impairing the blood supply or neural input.

The platysma is then transferred from the 
healthy side to the paralyzed eye and revascular-
ized. The two muscle slips are trimmed down to a 
width of 9 mm to fit into the preseptal portion of 
the upper and lower eyelid, and are then anchored 
to the medial canthal ligament. Care is taken to 
place the neosphincter in a flat position around 
the eye to perfectly mimic the original orbicularis 
oculi muscle. Reinnervation of the transferred 
platysma is the next critical step; Guelinckx rec-
ommends sending the distal end of the CFNG for 
frozen section to check for viable axons. One 
adequate nerve fascicle is then coapted to the 
single nerve fascicle of the platysma; the rest of 
the CFNG is split in its different fascicles and 
used for direct muscle neurotization.

After 16 months, 87% of Guelinckx’s patients 
showed adequate eye closure with 62% exhibit-
ing blink restoration, indicating that the free 
functional platysma transfer is a feasible, satis-
factory option for eye closure reanimation. 
However, more clinical experience and evidence 
are needed to further establish this renewed 
approach in the near future.
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Corneal Neurotization

Simeon C. Daeschler, Ronald Zuker, Asim Ali, 
and Gregory H. Borschel

Key Points
• Corneal neurotization describes the surgical 

transfer of sensory donor nerve fibers to (re-)
innervate the anesthetic cornea and thereby 
provide corneal sensation and improve ocular 
surface health.

• Direct techniques connect the donor nerve 
directly to the anesthetic cornea whereas indi-
rect neurotization techniques use nerve grafts 
to guide the donor axons to the cornea.

• The sural nerve and the great auricular nerve 
may be used as autologous nerve grafts.

• The supraorbital nerve or the supratrochlear 
nerves are reliable axon donors.

• Caveats: Thoroughly map the facial sensation 
to define an appropriate donor nerve and fall-
back options preoperatively, use a surgical 
microscope approved for ophthalmic proce-
dures to avoid phototoxic retinal damage, 
avoid nerve (graft) desiccation, gently handle 
the nerve graft and trim the manipulated nerve 
ends.

26.1  Definition of Corneal 
Neurotization

Corneal neurotization describes the surgical 
transfer of sensory donor nerve fibers to (re-)
innervate the anesthetic cornea and thereby pro-
vide corneal sensation and improve ocular sur-
face health.

26.2  Background

26.2.1  Corneal Nerve Fibers Maintain 
Ocular Surface Health

Corneal transparency is indispensable for 
vision. To maintain transparency the corneal 
epithelium undergoes a continuous renewal 
process. Apical epithelial cell layers desqua-
mate and are replenished by new epithelial 
cells that arise from proliferating limbal stem 
cells located at the corneal limbus. Following 
corneal injury, these processes of stem cell pro-
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liferation and epithelial cell migration are nor-
mally upregulated to restore the integrity of the 
ocular surface, but are impaired when corneal 
innervation is absent [1].

Physiologically, the cornea is densely inner-
vated by predominantly sensory nerve fibers 
arising from the ipsilateral ophthalmic branch of 
the trigeminal nerve. These nerve fibers provide 
sensibility to the ocular surface, modulate the 
blinking reflex and govern adequate lacrimation 
in order to protect the susceptible cornea from 
injury and desiccation. Patients with significantly 
impaired or absent corneal innervation develop 
a degenerative corneal disease termed neuro-
trophic keratopathy [1]. Although multiple defi-
nitions of neurotrophic keratopathy exist, all of 
them agree on the process of corneal breakdown 
based on the fundamental lack of corneal inner-
vation. Essentially, two pathological key aspects 
occur following corneal nerve fiber loss. First, 
the lack of protective sensation facilitates repeti-
tive and unperceived microtrauma to the ocular 
surface aggravated by surface desiccation due to 
insufficient lacrimation. Second, following cor-
neal denervation the efficacy of the physiological 
epithelial renewal and repair mechanisms in the 
cornea worsens, resulting in slow and incomplete 
healing of epithelial defects. Consequently, the 
affected patients suffer from chronic ulceration 
that leads to corneal thinning, perforation and 
scarring, eventually culminating in permanent 
vision loss.

The etiology of neurotrophic keratopathy is 
diverse. Congenital disorders like trigeminal 
hypoplasia, systemic diseases such as diabetes 
and surgical or nonsurgical nerve trauma due to 
tumor resection, skull fractures or herpetic infec-
tions may cause corneal denervation. Reliable 
data on incidence and prevalence of neurotrophic 
keratopathy are scarce. Based on the extrapo-
lation from epidemiological data of its most 
common causes, neurotrophic keratopathy is 
classified as an orphan disease with an estimated 
prevalence of one to five individuals in 10,000 
(ORPHA: 137596). However, given the multi-
tude of underlying causes these numbers must 
be interpreted with care and most likely under-
estimate the actual prevalence of neurotrophic 
keratopathy.

Clinically, neurotrophic keratopathy can be 
classified in three disease stages according to the 
Mackie classification and based on the extent of 
corneal surface damage. Mackie stage 1 is char-
acterized by epithelial instability with punctate 
fluorescein staining as well as impaired lacrima-
tion as indicated by decreased tear breakup time 
and conjunctival lissamine green/Rose Bengal 
staining. The presence of corneal epithelial 
defects without stromal involvement is indicative 
of Mackie stage 2. Mackie stage 3 is character-
ized by advanced neurotrophic keratopathy with 
deep ulceration, stromal melting, and the risk for 
corneal perforation.

26.2.2  Indications 
and Contraindications 
for Corneal Neurotization

Presently, neurotrophic keratopathy in the anes-
thetic cornea is the main indication for corneal 
neurotization. Untreated neurotrophic keratopa-
thy can culminate in loss of the affected eye 
and irreversible blindness [1]. Therefore, ade-
quate management and regular clinical reevalu-
ation of this potentially devastating disease are 
indispensable.

The conventional ophthalmic management of 
neurotrophic keratopathy aims to cope with the 
symptoms and prevent disease progression but 
does not address the underlying neuropathophys-
iology. Conventional treatment strategies include 
the topical application of lubricants, antibiotics, 
platelet rich plasma, and growth factors as well as 
therapeutic contact lenses and eyelid closure. For 
advanced disease stages surgical interventions 
such as amniotic membrane transplantation and 
conjunctival flaps may be used. However, none 
of these approaches address the fundamental lack 
of corneal innervation.

Corneal neurotization reroutes healthy donor 
nerve fibers to the anesthetic cornea in order to 
restore corneal innervation. Consequently, this 
approach offers a potentially definitive treat-
ment for neurotrophic keratopathy. Therefore, 
the traditional therapeutic stepladder approach 
that reaches from topical ointments to more 
invasive surgical strategies being escalated with 
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increasing disease severity, may not be appli-
cable to corneal neurotization. In our current 
understanding, early (re-)innervation of the anes-
thetic cornea reduces the risk for disease progres-
sion, corneal ulceration and irreversible stromal 
scarring, therefore being more likely to salvage 
vision long term than neurotization in advanced 
disease. Beyond that, the pre-operative presence 
of large epithelial defects (Mackie stage 2 and 3) 
increases the risk for post-surgical eye infection 
and temporary worsening of the neurotrophic 
keratopathy and thereby may put the nerve graft 
and even the eye at risk.

For the selection of appropriate candidates for 
corneal neurotization, the following criteria may 
be used:

 1. Impaired or absent corneal innervation
 2. Presence of neurotrophic keratopathy Mackie 

stage 1 or better
 3. Situations in which recovery of corneal inner-

vation is unlikely based on:
 (a) the cause of corneal denervation i.e., con-

genital trigeminal hypoplasia, or ophthal-
mic nerve resection

 (b) a prolonged period of time has passed 
since the event that caused corneal dener-
vation (at least 1 year)

 4. Availability of an appropriate sensory donor 
nerve

 5. Absence of active eye infection (viral, bacte-
rial or mycotic)

Contraindications for corneal neurotization 
are active eye infections, particularly herpetic 
keratitis. Relative contraindications include 
abnormal sensation in the donor nerve derma-
tome. Also, extensive epithelial defects (Mackie 
stage 2 and 3) should be healed prior to surgery 
by conventional means.

26.2.3  History and Recent 
Developments in Corneal 
Neurotization

Madjid Samii, an Iranian neurosurgeon based in 
Germany, described the general principle of cor-

neal neurotization in 1972: a surgical transfer of 
donor axons to the cornea aiming to restore cor-
neal innervation. He described a greater occipi-
tal nerve to ophthalmic nerve transfer using a 
17 cm autologous sural nerve graft. To approach 
the dysfunctional ophthalmic nerve Samii per-
formed a frontal craniotomy, opened the orbital 
roof and incised the periorbita. He then tran-
sected the ophthalmic nerve and coapted the 
sural nerve graft end-to-end to the distal oph-
thalmic nerve segment. Although he reported 
improvements in ocular surface health, the 
cornea remained anesthetic in Samiis’ patients. 
Owing to its invasiveness and limited success, 
this early approach for corneal reinnervation did 
not take hold.

In 2009, Terzis and colleagues described a 
novel technique to restore corneal innervation 
through direct nerve transfers to the affected 
cornea, termed “corneal neurotization” [2]. This 
approach provided the basis for the currently used 
techniques and facilitated a broader acceptance 
among clinicians and patients for neurosurgical 
treatment strategies for neurotrophic keratopathy. 
In Terzis’ case series, the contralateral supraor-
bital and the supratrochlear nerve were used as 
axon donor nerves and approached via bicoronal 
incisions. The dissected and mobilized nerves 
were then subcutaneously tunneled to the corneo-
scleral junction and sutured to the sclera in sub-
conjunctival pockets. Terzis reported improved 
corneal sensation and cornea clarity as well as 
enhanced best corrected visual acuity following 
corneal neurotization with a mean follow up of 
16.3 ± 2.42 years. Later, Leyngold and colleagues 
introduced an endoscopically assisted technique 
for supraorbital nerve dissection through smaller 
skin incisions aiming to avoid the long visible 
scars and reduce perioperative complications [3]. 
However, the considerable extent of forehead 
dissection and limited number of suitable donor 
nerves encouraged further advancements of the 
direct neurotization techniques.

The interposition of a nerve graft between 
donor nerve and anesthetic cornea enabled min-
imally invasive corneal neurotization and was 
described in 2014 [4]. This technique avoids 
long bicoronal incisions and overcomes the 
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need for the surgical mobilization of long donor 
nerve segments in the patients’ face. However, it 
does necessitate a second surgical site to harvest 
the graft with additional donor site morbidity. 
One advantage of using nerve grafts for cor-
neal neurotization is their flexibility. The easily 
adaptable nerve graft length makes a multitude 
of axon donor nerves available and offers the 
possibility to reroute a large number of nerve 
fibers by accessing the donor nerve proximally. 
Thus, the nerve graft-based corneal neurotiza-
tion offers a potential treatment for patients 
with bilateral trigeminal dysfunction with neu-
rotrophic  keratopathy. Other patients with donor 
sensory nerves available on only one side but 
with bilateral neurotrophic keratopathy can-
not be treated with direct nerve transfer alone, 
but may be treated by nerve grafts in which the 
unilateral donor sensory nerve source provides 
fibers to nerve grafts to both corneas. Also, if the 
donor nerve function is deemed critical, its con-
tinuity can be preserved by combining the nerve 
graft interposition with a side-to-end nerve 
coaptation [5]. Further, nerve grafting allows 
the surgeon to select the best sensory donor 
source and route that to the affected cornea. For 
example, if the V1 branches are insufficient, one 
may then choose V2 as the source, and if that is 
also insufficient, then one may choose the great 
auricular nerve.

26.2.4  Relevant Anatomy

26.2.4.1  Potential Axon Donor Nerves
Even though a multitude of potential donor nerves 
for corneal neurotization become available by 
nerve graft interposition, the basic principles of 
short regeneration distance and minimized donor 
site morbidity hold true. Based on these prin-
ciples, the ipsilateral or contralateral supraor-
bital and supratrochlear nerves are reliable axon 
donors for direct as well as indirect corneal neu-
rotization [6]. If these first-choice axon donors 
are ineligible due to their unfavorable course 
and/or branching, a small caliber or a functional 
deficit, the infraorbital or great auricular nerve 

may be considered as primary fallback options 
(see Fig.  26.1). The smaller occipital nerve or 
supraclavicular nerves are feasible axon donors 
as well, but require increased nerve graft lengths 
to reach the affected cornea and thereby represent 
secondary fallback options that to date we have 
not used in our center.

The supraorbital and supratrochlear nerves 
arise from the frontal nerve, a branch of the 
ophthalmic division of the trigeminal nerve. 
Both nerves provide sensation to the forehead 
and scalp as well as the upper eyelid and con-
junctiva with the supratrochlear nerve usually 
supplying a smaller, medial portion of the der-
matome. This distribution is reflected by the 
course of both nerves: The supratrochlear nerve 
runs medially along the orbital roof and exits the 
orbital cavity through the frontal notch coursing 
in a cranial direction and piercing the corruga-
tor supercilii muscle around 10–18 mm lateral 
to the facial midline. The supraorbital nerve 
exits the orbital cavity usually a few millime-
ters lateral to the supratrochlear nerve and runs 
parallel to it in a craniolateral direction through 
or beneath the corrugator supercilii muscle [6]. 
For minimally invasive corneal neurotization, 
the supratrochlear and/or supratrochlear nerve 
are identified by dissecting through the cor-
rugator supercilii muscle through a subbrow 
incision. Here, the supraorbital nerve usually 
provides a good size match to the autologous 
sural nerve graft, making the supraorbital nerve 
the axon donor of first choice and the supra-
trochlear nerve a good alternative when it is of 
suitable caliber.

26.2.4.2  Nerve Grafts for Corneal 
Neurotization

Presently, autologous nerve grafts are considered 
gold standard for nerve gap reconstruction as they 
provide an excellent regeneration environment 
and essential growth support for regenerating 
donor axons. This concept also applies to corneal 
neurotization when bridging the gap between 
donor nerve and anesthetic cornea. Autologous 
nerve grafts are usually harvested from smaller 
sensory nerves elsewhere in the patient’s body, 
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Fig. 26.1 Anatomical drawing visualizing the course of 
the following donor nerves for corneal neurotization:
•  Course of Supraorbital, supratrochlear, infraorbital, 

great auricular, smaller occipital and supraclavicular 
nerves  (semi-transparent skin),

•  Semi-transparent sternocleidomastoid muscle as 
landmark,

•  The dermatomes encircled such as in perspective 1
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providing noncritical sensation e.g., in the distal 
lower leg (sural nerve) or earlobe (great auricular 
nerve) [5, 7]. Generally, any sensory nerve with a 
suitable diameter and acceptable donor site mor-
bidity can be used as an autologous nerve graft 
donor. However, based on their easy accessibility, 
suitable graft length and noncritical function, two 
donor sites, the sural nerve, and the great auricu-
lar nerve are most frequently used for autologous 
nerve grafting for facial nerve surgery.

Sural Nerve Grafts
The sural nerve represents the most commonly 
used graft for nerve transfers and autologous nerve 
reconstruction. Depending on the patients’ sex and 
body size, sural nerve grafts of up to 30 cm length 
can be easily harvested. Minimally invasive har-
vesting techniques using a nerve stripper device 
are available and usually produce a noncritical 
sensory deficit on the distal lower leg and lateral 
aspect of the foot. The sural nerve can be identified 
2  cm posterior and 2  cm proximal to the lateral 
malleolus through a 1–2 cm horizontal skin inci-
sion. Here, the sural nerve is often accompanied 
by one or two small saphenous veins. The nerve 
is mobilized using scissors dissection and tran-
sected as far distal as possible. The distal end of 
the proximal nerve segment is passed through the 
orifice of the nerve stripper device and the nerve 
stripper is carefully advanced along the nerve in 
cranial direction, with gentle rotation and as far as 
the nerve graft length is required. There is usually 
no branching in this sural nerve segment. The end 
of the nerve stripper is palpated and the mobilized 
sural nerve is proximally transected through a sec-
ond, small skin incision. Then, the nerve graft is 
gently harvested.

The sural nerve graft harvest and preparation 
of the facial axon donor site can be done simulta-
neously by two surgical teams to safe intraopera-
tive time.

Great Auricular Nerve Grafts
If the sural nerve is unavailable or the patient 
requires intact foot sensation for occupation or 

sports the great auricular nerve (GAN) can be 
an alternative autograft donor [7]. The GAN is 
approached via a horizontal skin incision 3 cm 
caudal and parallel to the mandible. The pla-
tysma is carefully dissected to expose the GAN 
that emerges from the posterior margin of the 
sternocleidomastoid muscle and courses in ros-
tral and cranial direction toward the mandibular 
angle. Here the GAN gives rise to two cutane-
ous branches. The anterior branch provides skin 
innervation over the parotid gland whereas the 
posterior branch innervates the skin over the 
mastoid process and the lower dorsal part of 
the auricle and earlobe. The GAN can be tran-
sected proximal to its bifurcation and harvested 
as a graft of around 7 cm in length. Whereas the 
location of the GAN might appear advantageous 
for a single surgical team, a time saving two-
team approach can be challenging due to limited 
space around the patient’s head, and we have 
avoided its use as a nerve graft (but have used it 
as a source of sensory fibers in the context of a 
nerve transfer).

Acellular Nerve Allografts
Acellular nerve allografts (ANAs) are commer-
cially available, processed human cadaver donor 
nerves. As a non-immunogenic scaffold, ANAs 
guide the regenerating donor nerve fibers to the 
target without the need for immunosuppression. 
However, the lack of viable Schwann cells results 
in significantly reduced growth support for regen-
erating axons compared to fresh autologous nerve 
grafts as demonstrated in laboratory studies. 
Consequently, regrowing axons reliably regen-
erate through ANAs only over distances below 
3–4 cm. This graft length may be sufficient for 
corneal neurotization with selected donor nerves 
such as the ipsilateral, or even mobilized contra-
lateral supraorbital or supratrochlear nerves [8]. 
Given that the field of corneal neurotization is 
in its infancy, our group has for the time being 
elected to use autologous nerve grafts; however, 
ANAs indeed offer a promising future perspec-
tive worthy of study.
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26.3  Methods and Technique

26.3.1  Pre-surgical Assessment 
and Planning

26.3.1.1  Past Medical History
The patients’ past medical history may include 
previous hospital visits, ocular or brain trauma 
and/or surgery, ophthalmic infections or systemic 
chronic conditions such as diabetes and therefore 
often reveal the underlying cause for corneal 
denervation. Based on the nature of this under-
lying cause and the time that has passed since 
the event, the likelihood for spontaneous corneal 
reinnervation and thereby the need for neurotiza-
tion can be evaluated.

26.3.1.2  Ophthalmic Examination
The ophthalmic assessment includes the exami-
nation of the external eye and cornea. First, the 
external eye is assessed for eyelid deformities 
and eyelid closure as well as blink frequency. 
Next the cornea and conjunctiva are examined. 
The extent and stage of neurotrophic keratopa-
thy and the presence of active ulceration, stromal 
melting, extensive neovascularization, infection 
or scarring are determined. Fluorescein stain-
ing shows epithelial defects and tear film stabil-
ity. Sensory mapping of the corneal surface via 
Cochet-Bonnet esthesiometry reveals reduced 
or absent corneal sensation. In unclear cases, 
in vivo confocal microscopy (IVCM) allows the 
visual assessment of corneal nerve fibers.

26.3.1.3  Sensory Mapping 
of the Donor Nerve 
Dermatomes

To ensure a healthy donor axon population, intact 
sensation in the donor nerves dermatome is an 
essential selection criterion for choosing donor 
nerves. Thus, the patient’s face and neck undergo 
systematic pre-operative sensory mapping to 
uncover ineligible donor nerves with sensation 
below normal levels. This includes the assess-
ment of tactile thresholds (Semmes-Weinstein 

monofilaments), subjective touch perception 
(Ten-Test), and pain perception (e.g., Pinch Test). 
We emphasize the importance of normal pain 
sensation at the donor site especially in congeni-
tal corneal anesthesia since normal touch sensa-
tion may be combined with trigeminal analgesia 
in one of both sides of the face.

26.3.2  Surgical Technique

In many cases of corneal anesthesia, direct and 
indirect corneal neurotization techniques may 
be applied with a comparable corneal outcome. 
Both techniques may offer specific advantages 
in certain cases, however, we prefer the use of 
nerve grafts for corneal neurotization due to a 
lesser risk for facial donor site complication, a 
favorable aesthetic outcome and reliable corneal 
innervation.

A necessary prerequisite for corneal neuro-
tization is an appropriate surgical microscope. 
Surgical microscopes are specifically adapted 
to the needs of the respective surgical specialty. 
Consequently, microscopes for neurosurgery or 
plastic and reconstructive surgery differ from 
those for ophthalmic surgery. The powerful light 
sources in non-ophthalmic microscopes may 
cause considerable phototoxic damage to the ret-
ina, and as such are not approved for ophthalmic 
surgery (usually indicated by a warning sticker). 
A microscope suitable for use with the eye is 
therefore indispensable for corneal neurotization, 
and therefore we only use the Ophthalmology 
microscope to perform nerve coaptations in the 
periocular region.

26.3.3  Neurotization with Nerve 
Transfers Alone (“Direct” 
Neurotization)

These corneal neurotization techniques con-
nect the distal end of the mobilized donor nerve 
directly to the affected cornea without nerve 
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graft interposition, as described by Terzis [2]. 
The supraorbital and supratrochlear nerve 
are the most frequently used axon donors for 
direct corneal neurotization due to their close 
proximity to the cornea and often moderate 
branching at the forehead. The desired donor 
nerve is approached either via bicoronal skin 
incision and subsequent open forehead dis-
section up to the supraorbital rim, or through 
two smaller skin incisions along the hairline 
as inlet for the endoscopic donor nerve dis-
section. The donor nerve is mobilized over 
at least 6 cm from the orbital rim (longer for 
contralateral donor nerves) in order to provide 
sufficient length to reach the affected cornea 
and allow unrestricted post-surgical eyeball 
excursion. Next the dissected donor nerve is 
subcutaneously tunneled to a small skin inci-
sion along the lid crease of the upper eyelid 
and further into the subconjunctival space of 
the anesthetic eye through a blepharotomy. 
The subsequent surgical steps are largely simi-
lar to the indirect neurotization technique and 
described below.

26.3.4  Neurotization with Nerve 
Transfers and Nerve Grafts 
(“Indirect” Neurotization)

Minimally invasive corneal neurotization (the 
authors’ preferred technique; see Fig. 26.2) can be 
performed in two teams with one team harvesting 
the nerve graft and one team preparing the facial 
donor site simultaneously. This two- team approach 
saves the operative time necessary for sural nerve 
harvest (1 h) and reduces overall OR time.

The patient is under general anesthesia and 
placed in the supine position. Eyes, forehead and 
nerve graft harvesting site are freely accessible, 
surgically prepped and draped. The anesthetic 
eye is prepared with povidone-iodine ophthal-
mic solution. The unaffected contralateral eye 
is closed with a single stich tarsorrhaphy for the 
duration of the surgery.

26.3.4.1  Facial Donor Site 
Preparation

In cases with normal forehead sensation, the 
ipsilateral supraorbital nerve is considered as pri-

Corrugator muscle
Frontalis muscle

Supratrochlear
nerve

Orbicularis oculi
muscleSural nerve graft

Affected cornea

Procerus muscle

Fig. 26.2 Showing a 
frontal overview of the 
patients face and the 
course of the nerve graft 
from the supraorbital 
nerve to the contralateral 
cornea (a combination 
of the illustrations 
below)
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mary axon donor with fallback options being the 
supratrochlear nerve or their respective contra-
lateral counterparts. A 2 cm transverse subbrow 
skin incision is made, starting 1.5 cm lateral to 
the facial midline and extending up to the mid- 
pupillary line. The corrugator supercilii muscle 
is exposed and dissected to identify the supraor-
bital and supratrochlear nerves. The supraorbital 
nerve may be expected 20 mm lateral to the facial 
midline whereas the supratrochlear nerve usually 
runs 2–10 mm medial to the supraorbital nerve 
(10–18 mm lateral to facial midline). Following 
dissection of both nerves, the most appropriate 
donor nerve is chosen based on a larger diameter 
and reasonable size match with the harvested 
nerve graft. If both nerves are small in diameter, 
both nerves can be used as donors and connected 
to one or two nerve grafts.

26.3.4.2  Sural Nerve Harvest 
and Nerve Graft Design

The diameter of the nerve graft ideally matches 
the donor nerve diameter. In some cases, when 
the nerve graft is thin and monofascicular two 
parallel nerve graft cables can be used instead of 
one. This needs to be taken into account when 
defining the length of the nerve graft during 
harvest. The sural nerve can be identified dorso-
proximal to the lateral malleolus and the desired 
graft length can be harvested with a nerve strip-
per device. Traction to the graft is avoided to 
preserve its endoneurial architecture and only 
the very ends of the nerve graft are grasped 
and will be resected eventually. The proximal 
end of the graft is labeled and placed in moist 
sterile gauze until further use. Skin incisions are 
closed.

The appropriate nerve graft length can be 
estimated by placing the graft on the patient’s 
face: one end of the graft is touching the donor 
nerve at the desired coaptation site and the graft 
is placed transversal above the nasal rim up to 
the mid- pupillary line of the affected eye, angling 
in a caudal direction and coursing caudally up to 
the top of the nasal ala. As a rule of thumb this 
distance provides sufficient length for tension-
less nerve grafting and permits unrestricted globe 
excursion following surgery. For ipsilateral cor-

neal neurotization, the ipsilateral top of the nasal 
ala can be used as a landmark.

26.3.4.3  Tunneling and Corneoscleral 
Insertion of the Nerve Graft

A reversed graft orientation is used for corneal 
neurotization. Thus, the formerly distal nerve 
graft end is coapted to the donor nerve eventu-
ally. This reversed orientation ensures that each 
provided endoneurial tube inside the graft guides 
the regenerating donor axons to their target and 
not to a former nerve branch. In the anesthetic 
eye, a 5 mm conjunctival and Tenon’s incision is 
made parallel to and approximately 5 mm distant 
to the superonasal corneal limbus. Another inci-
sion is created in the superior and medial upper 
fornix, through which a Wright fascia needle is 
directed, to create a tunnel from the conjunctival 
incision to the ipsilateral skin incision below the 
brow. Then, the nerve graft is loaded into the eye-
let and gently passed through the tunnel and then 
under the Tenon’s capsule to the first conjunctival 
incision.

An epineurectomy of the distal 3–4  cm of 
the nerve graft is performed to separate the fas-
cicles, grasping only the very end of the fascicle. 
Depending on the total number of separated fas-
cicles (usually 3–4) the insertion point for each 
fascicle at the corneoscleral junction is defined. 
The insertion points are evenly distributed around 
the whole corneoscleral circumference to aim at 
an even corneal innervation pattern. Wescott scis-
sors are used for blunt dissection of a tunnel in 
the subconjunctival plane, extending in a con-
stant 5 mm distance to the corneoscleral junction 
and up to the limbus at the predefined fascicle 
insertion points. Auxiliary conjunctival incisions 
may be used if necessary. Subsequently, the indi-
vidual fascicles are tunneled to their predefined 
insertion points. Nerve graft desiccation must be 
avoided at all times.

Partial-thickness corneoscleral tunnels are 
established at the individual insertion points 
in order to minimize the physical barriers for 
the regenerating donor axons (see Fig. 26.3). A 
crescent blade creates a scleral tunnel incision 
1 mm posterior to the limbus, extending 0.5 mm 
into clear corneal stroma. Now, the end of the 

26 Corneal Neurotization



278

fascicles is trimmed with Vannas scissors to 
resect the segment that has been grasped by the 
surgical instruments to ensure a healthy fascicu-
lar architecture. The end of the fascicle is care-
fully inserted into the corneoscleral tunnel. The 
perineurium of the graft fascicle is sutured to 
the sclera proximal to the corneoscleral tunnel 
using a single stich (10-0 absorbable monofila-
ment suture) and taking care not to compress the 
nerve. Then, all conjunctival incisions are closed 
with 10-0 absorbable, monofilament suture. 
If there is severe subconjunctival scarring and 
therefore tensionless conjunctival closure is not 
possible, larger conjunctival flaps are mobilized 
to prevent compression of the subconjunctival 
nerve graft.

26.3.4.4  Proximal Nerve Coaptation
The mechanical stress at this specific nerve coap-
tation site is negligible if the patient is compliant 
and avoids rubbing his eyes following nerve sur-
gery. Therefore, apart from standard epineurial 
suture repair, fibrin glue can be used to connect the 
nerve graft to the donor nerve. To do so, the donor 
nerve is transected and the end of the nerve graft is 
trimmed. The graft is then coapted to the distal end 
of the donor nerve with thorough epineurial align-
ment. The coaptation site is covered with fibrin glue 
and fibrin aggregation is awaited before proceeding. 
The skin incision is closed and the operated eye is 
irrigated with sterile saline. Corticoid-antibiotic-
ointment (e.g., Tobradex, Novartis AG, Switzerland) 
is applied to control postsurgical inflammation and 

Conjunctiva

Corneal epithelium
Corneal
stroma

Nerve graft

Cornea

Sclera

Fig. 26.3 Showing the 
course of the fascicles 
below the conjunctiva in 
higher magnification and 
the final position of the 
fascicle ends inside the 
corneoscleral tunnels 
(frontal overview and 
cross-sectional view, 
adapted from the 
illustrations below)
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swelling and a temporary tarsorrhaphy is made to 
protect the operated eye. The tarsorrhaphy of the 
unaffected eye is removed.

26.3.5  Postsurgical Management 
and Potential Complications

Usually, minimally invasive corneal neurotization 
can be done on an outpatient basis. The corticoid- 
antibiotic-ointment is continued two to three times 
per day until the protective tarsorrhaphy is removed 
during the first follow up, 1 week after surgery. As of 
week 2, lubricant eye drops can be used at the same 
frequency as prior to corneal neurotization. Any eye 
manipulation or rubbing must be avoided within the 
first weeks post-surgery as this potentially results in 
nerve graft displacement or extrusion.

Usually, follow-up assessments take place 
1 week and 1 month after surgery, and then in a 
3 months interval or as needed afterwards. On each 
follow up visit, the operated eye will be checked 
for complications. Early after surgery these may 
include general postsurgical complications such 
as bleeding, hematoma, surgical site infection and 
wound healing deficit. Beyond that, the eye needs 
to be examined for extrusion or displacement of the 
nerve graft. If the patient reports continuous pain, 
this may be indicative of neuroma development, 
most likely at the nerve coaptation site or the inser-
tion sites at the corneoscleral junction. Neuromas 
following minimally invasive corneal neurotization 
are rare but can be painful and typically occur at 
physical barriers that potentially impair the axonal 
regeneration and corneal innervation process. Also, 
corneal neurotization can result in temporary, or 
seldom even permanent paresthesia and/or pain at 
the donor site (e.g., forehead and scalp for supraor-
bital or supratrochlear donor nerves).

26.3.6  Prognosis

26.3.6.1  Corneal Reinnervation 
and Recovery of Corneal 
Sensation

Restoring sensation in the anesthetic cornea 
is a therapeutic goal of corneal neurotization. 

Clinical magnetoencephalography, IVCM and 
in experimental neuronal back-labeling studies 
demonstrated that following corneal neurotiza-
tion, axons that arise from the donor nerve (re-)
innervate the cornea [9, 10]. The time to corneal 
innervation following minimally invasive cor-
neal neurotization with nerve graft interposition 
depends on the length of the graft and individual 
factors that affect the axonal regeneration rate 
such as the patient’s age. Likewise, the recovery 
of tactile corneal sensation assessed via esthe-
siometry depends on these factors and starts to 
recover approximately 3 months following sur-
gery, when the supraorbital of supratrochlear 
nerve was used as axon donor [10]. After cor-
neal (re-)innervation, neuronal circuits that have 
previously been connected to the donor site now 
process corneal stimuli. As a result, neuronal sig-
nals that have been elicited by stimulation of the 
neurotized cornea will be processed, and initially 
even perceived, as stimulation of the donor site 
[5]. Mechanisms of central plasticity may allow 
re-allocation of the perceived stimulus in a pro-
cess of sensory relearning.

Approximately 65% of the patients eventu-
ally reach normal levels of tactile corneal sensa-
tion (Cochet-Bonnet esthesiometry 60 mm) and 
approximately 90% of the patients reach tactile 
thresholds above 75% (40 mm) of the normal cor-
neal sensation [10]. The onset of patient reported 
sensation often precedes the tactile sensation 
assessed via esthesiometry. Initially, these sub-
jective sensations may include unpleasant pares-
thesias such as tingling or burning and sometimes 
even pain. We hypothesize that this might be the 
result of the corneal innervation process when 
the regenerating sensory nerve fibers encounter 
the adverse environment of the defective cornea. 
Over the time, the refueled corneal repair and 
healing mechanisms may explain the symptoms’ 
mitigation.

26.3.6.2  Corneal Clarity and Surface 
Health

In neurotrophic keratopathy, corneal opacity, 
persistent epithelial defects, and corneal ulcer-
ation threaten vision. Therefore, a second treat-
ment objective for corneal neurotization is to 
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restore and maintain ocular surface health. The 
incidence of persistent epithelial defects can be 
significantly reduced by corneal neurotization 
and in many patients the corneal clarity improves 
by mitigating epitheliopathy [2, 10]. If patients 
develop deep corneal ulceration before surgery, 
residual stromal scarring can impair visual acuity 
even following successful corneal neurotization. 
To achieve visual rehabilitation in these patients, 
subsequent corneal transplantation 2–3  years 
after corneal neurotization may be an option. 
In early disease stages though, the visual acu-
ity can be, at least in part, recovered by corneal 
neurotization.

26.3.6.3  Donor Site Sensory Deficit
The surgical transfer of donor nerve fibers 
implies the (partial) denervation of the donor 
site. Initially this results in donor site hypo- and/
or paresthesia including numbness and some-
times itching or tingling [2]. Over time, sensory 
nerve fibers of adjacent nerves terminally sprout 
and reinnervate the donor site. For the most fre-
quently used axon donors, the supraorbital and 
supratrochlear nerve, patients report a regression 
of the sensory donor site deficit up to subjectively 
normal forehead sensation within months after 
direct and indirect corneal neurotization [2, 5].

26.3.6.4  Necessity of Adjunct 
Treatment Following Corneal 
Neurotization

Corneal neurotization may overcome the need 
for long-term usage of bandage or scleral contact 
lenses and tarsorrhaphy. However, the lacrima-
tion of the affected eye often remains below nor-
mal levels. A potential reason for the insufficient 
recovery of the tearing reflex is that the sensory 
donor neuron population is not embedded in the 
original neuronal circuit that governs the tearing 
response. As a result, afferent corneal nerve fiber 
signals may not be translated into efferent signals 
to the lacrimal glands. Consequently, the patients 
often need to proceed with lubricants and/or 
autologous serum drops even after successful 
corneal neurotization [10]. This needs to be a 
subject of the preoperative patient discussion.

26.4  Conclusion

Congenital absence or acquired loss of corneal 
innervation causes neurotrophic keratopathy. The 
progressive epithelial breakdown and repetitive 
unperceived corneal trauma can culminate in loss 
of the affected eye and irreversible blindness. 
Conventional ophthalmic treatment strategies 
manage the symptoms yet are unable to address 
the fundamental lack of corneal nerve fibers. 
Corneal neurotization reroutes healthy donor 
nerve fibers to the anesthetic cornea to restore 
corneal innervation. These rerouted nerve fibers 
provide the cornea with sensation and thereby 
protect the cornea from injury. Beyond that, cor-
neal clarity and surface health can be recovered 
due to corneal (re-)innervation, with a signifi-
cantly reduced incidence of nonhealing epithelial 
defects. These results underpin the clinical value 
of corneal neurotization in the management of 
neurotrophic keratopathy.

Ideally, corneal neurotization would overcome 
the need for conservative ophthalmic treatments 
by addressing the fundamental lack of corneal 
nerve fibers. However, current surgical strate-
gies fail to completely restore the insufficient 
lacrimation, which necessitates a continued daily 
application of lubricant eye drops even follow-
ing successful corneal neurotization. Therefore, 
creating a realistic level of expectation in the 
pre-surgical patient discussion is mandatory to 
achieve satisfactory results and further the accep-
tance of this promising treatment.
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Key Points
• Ancillary procedures balance between 

enhancing the happy mimic expression group 
and attenuating the unhappy mimic expres-
sion group.

• Autogenous fascia lata grafts are strong, 
immune compatible and ample available.

• Ancillary procedures by means of static rein-
forcement may improve ectropion, epiphora, 
keratitis, nasal obstruction, oral competence, 
articulation and aesthetic appearance.

• Static support may be used as a singular oper-
ation or in conjunction with dynamic 
reconstruction.

• Consider botulinum toxin injection in the 
affected side for both flaccid as non- flaccid 
facial features and in the non- affected side for 
hyperkinesis.

Surgical techniques for facial reanimation may 
be good, but unfortunately, it’s not perfect. Also, 
due to comorbidity or life-expectancy, dynamic 

reconstruction may be less attractive. Therefore, 
there is a need of ancillary procedures to improve 
symmetrisation. Depending on the underlying ill-
ness and patients’ age and wishes ancillary pro-
cedures to the forehead, periocular complex, 
nose, and lips should be considered to optimize 
the result. The chapter will introduce the princi-
ples that will guide the surgeon through choosing 
the best symmetrisation techniques in facial 
palsy.

Each face is different, and even more so 
after facial reanimation. A thorough study of 
the face should precede a tailored plan of 
treatment.

Generally, to achieve symmetry in unilateral 
facial palsy, the affected side may be enhanced 
or the unaffected side may be weakened. Some 
of the facial muscles can roughly be divided into 
a ‘happy’ mimic expression group (risorius 
muscle, zygomaticus major muscle, zygomati-
cus minor muscle, buccinator muscle, levator 
labii superioris muscle, levator labii superioris 
alaeque nasi muscle) and an ‘unhappy’ mimic 
expression group (procerus muscle, corrugator 
supercilli muscle, depressor supercilli muscle, 
depressor anguli oris muscle, depressor labii 
inferioris muscle, mentalis muscle, platysma 
muscle).

Furthermore, it should be evaluated if synki-
nesis or hyperkinesis is present. They are a 
symptom of aberrant nerve activity and repre-
sent partial recovery. Synkinesis is referred to as 
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involuntary, synchronous movements of differ-
ent muscles. The co-contraction may regard 
agonist muscles, such as the orbicularis oculi 
muscle with the zygomatic major muscle, or 
antagonist muscles, such as the depressor anguli 
oris muscle with the zygomatic major muscle. 
The antagonist co-contraction will result in an 
apparent paralysis. Faccid paralyses is associ-
ated with a great functional deficit due to the 
apparent paralysis. Other synkinesis, as well as 
hyperkinesis, results in a non-flaccid face which 
may be aesthetically unpleasing. Hyperkinesis 
may also be present at the unaffected side, as a 
compensatory change. This results in an asym-
metric static and dynamic appearance of the 
unaffected side.

The face should be structurally evaluated with 
the subunits as following: 1. forehead, 2. 
 periocular complex, 3. cheek, 4. nose, 5. lips and 
6. neck (Fig. 27.1). Photographic, possibly with 
videographic documentation should be taken and 
after facial analysis and grading a treatment plan 
should be developed.

Treatments may be divided into operative and 
nonoperative treatment modalities. Mime therapy 
is of great importance as a stand-alone treatment 

or as an adjunct to other treatment. Botulinum 
toxin injection is an interesting nonoperative 
solution to synkinesis as well as contralateral 
‘hyper’ kinesis. Synthetic fillers or lipofilling 
may be useful to add volume to the affected side 
or to the nonparalyzed nasolabial fold. Operative 
ancillary techniques are mainly static using 
autogenous or alloplastic materials, but may also 
be dynamic. Most often, they are performed with 
a delayed timing, but recently there has been an 
increase in the use of static support simultaneous 
with the dynamic reconstruction. Note that sev-
eral approaches may be combined to optimize the 
result. Most procedures may be done under local 
anaesthesia depending on the wish of the surgeon 
and patient. Generally speaking, overcorrection 
is mandatory to prevent an insufficient long-term 
result of the tension of the soft tissues is normal-
ized postoperatively.

Several considerations should be made to 
develop the treatment plan.

• Is the face flaccid or non-flaccid?
• What is most striking: the deficit, synkinesis 

or hyperkinesis at the affected side or the 
activity or hyperkinesis at the unaffected side?

• Would a face benefit from enhancing the 
happy muscles or attenuating the unhappy 
muscles?

• Is there a preference for either surgical or non-
surgical treatment?

27.1  Botulinum Toxin

Botulinum toxin injection is used increasingly 
for facial symmetrisation and to counteract syn-
kinesis by means of selective chemo denervation. 
The toxin is derived from the bacterium 
Clostridium botulinum and leads to temporary 
paralyses by blocking pre-synaptic acetylcholine 
release at the neuromuscular junction. There are 
two types available, namely A and B which are 
produced by different strains of the bacterium, of 
which type A is most powerful and is most com-
monly used. The clinical effects usually arise in 
the first 4 days to 2 weeks, and is maximally pres-
ent 1 month after injection. After 3 months, the 

1. Forehead

2. Periocular
complex
3. Cheek

4. Nose

5. Lips

6. Neck

Fig. 27.1 Structural evaluation of the face. Each of the 
following subunits should be evaluated. 1. Forehead, 2. 
periocular complex, 3. cheek, 4. nose, 5. lips and 6. neck
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effects usually diminish as a resultant of newly 
sprouted axon terminals that regain synaptic con-
tact with the muscle. Contra-indications for 
Botox injections are pregnancy, lactation, myas-
thenia gravis, peripheral motor neuropathies, 
active infections or illness and previous adverse 
response. Botox injections may be considered for 
the affected side in case of a non-flaccid face as 
well as for the contralateral, healthy side for the 
flaccid face. They may result in an improved rest-
ing and dynamic symmetry. Interestingly, there is 
even evidence from animal studies that suggests 
that contralateral Botox injections and thus tran-
sient paralysis of the unaffected side, even 
improves the motion on the affected side [1]. The 
dose is specific for each individual and different 
for each muscle group. It should be titrated to 
achieve the maximum decrease in unintended 
motion without minimizing intended motion. 
Since it takes some days to weeks for the effect to 
appear, it may be useful to ask a patient to make 
a self-portrait after 1 month so that the dose may 
be adjusted next time. Possible dosages are listed 
in Table 27.1 [2]. Several special indications for 
Botox are gustatory hyperlacrimation also known 
as crocodile tear syndrome, focal hyperhidrosis 
in case of Frey’s syndrome and pseudoptosis in 
case of oro-ocular synkinesis.

The evidence for Botox for patients with facial 
palsy is sparse, although its use in the facial palsy 
clinics is well established. A review that included 
three interventional studies, has shown that botu-
linum toxin injections are well tolerated and 

effectively improve symmetry [3]. Several objec-
tive clinical scores were used including distance 
measurements of the eye, synkinesis grading 
scale, the Facial Disability Index, the Clinical 
score for Facial Palsy and Sunnybrook Score. 
There was also a subjective improvement in qual-
ity of life. Side effects mainly include overuse, 
which results in functional deficit; e.g., lagop-
thalmus, blepharoptosis, speech abnormalities, 
and/ or (rarely) oral incompetence.

In some countries, it is hard to justify these 
injections since they resemble techniques used in 
aesthetic surgery. It is important to underline that 
the patient population is totally different with a 
need for functional improvement above restoring 
the facial symmetry and prevention of relapse or 
worsening. More evidence is arising that these 
surgical and nonsurgical procedures are an indis-
pensable part of the facial palsy treatment.

27.2  Harvest of the Fascia or 
Tendon

Autogenous material may be preferred over other 
materials because they are immune compatible, 
free of cost, have limited donor site morbidity 
and have a low risk of extrusion and infection. 
They are strong and maintain its presurgical 
length. Most commonly, fascia lata grafts or pal-
maris longus tendon grafts are used as autoge-
nous donor grafts. Harvest is as following.

The fascia lata is the deep fascia of the thigh, 
which gives rise to three muscular septa dividing 
the thigh into an anterior, posterior and medial 
compartment. The strength of the fascia varies, but 
is greatest at the upper lateral part of the leg. Here 
it’s also reinforced by insertions of the tensor fascia 
lata muscle and gluteus maximus muscle which 
together form the iliotibial tract. This is a conjoint 
tendon of the fascia lata muscle and gluteus maxi-
mus muscle and it should be maintained to preserve 
extension, abduction and lateral rotation of the hip 
stabilization of the lateral knee. To harvest fascia 
lata, a longitudinal incision of 3–5 cm is made at 
the lateral aspect of the upper leg. It should be posi-
tioned there where the lateral border of the vastus 
lateralis muscle is expected (Fig. 27.2). Dissection 

Table 27.1 Botulinum toxin dose ranges for synkinesis

Botulinum toxin dose ranges for synkinesis (units, 
type A)

Affected 
side

Unaffected 
side

Corrugator supercilii 5–10 –
Frontalis – 5–10
Orbicularis oculi 2.5–7.5 7.5–10
Levator labii alaeque 
nasi

– 2.5–7.5

Buccinators 10–20 –
Depressor labii inferior – 2.5–5
Depressor anguli oris 2.5–10 –
Mentalis 2.5–10 –
Platysma 10–30 –
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through the skin and fat will bring you to the fascia 
lata (Fig. 27.3). The muscle fascia can be spared. 
There is a small potential for muscle herniation 
which should be discussed with the patient preop-
eratively. Alternatively, the posterior fascia of the 
rectus femoris muscle can be used without the 
potential of muscle herniation.

To harvest palmaris longus, first of all its pres-
ence should be confirmed since it is absent in up 
to 20% of people. It may also be present only at 
one side. The assessment is performed with the 
patient being awake whom is asked to flex the 
wrist and press the tip of the thumb against the tip 
of the 5th finger. A small incision is made at 
proximal wrist flexion crease. Different from all 
other tendons in the forearm, the palmaris longus 
tendon is always superficial to the antebrachia 

fascia. For orientation, palpate the flexor carpi 
radialis tendon on the lateral side. The more dis-
tal you go, the more difficult it is to recognize the 
tendon since it blends with the palmar fascia. A 
tendon stripper may be used and the tendon may 
be pulled out from its muscle without a need to 
make a second proximal incision. When in doubt, 
or when having difficulty with advancing the 
stripper do make a second (or even third inci-
sion). The presence and length of the palmaris 
longus tendon varies, which makes the fascia lata 
a more reliable choice if several strips are needed.

Alternatives to autogenous material are lyophi-
lized dried cadaveric fascia, acellular dermal grafts, 
acellular porcine dermis and even Gore-Tex.

27.2.1  The Forehead

Palsy of the forehead will result in ptosis on the 
affected side and dynamic rhytides on the unaf-
fected side. In the younger patient, with little rhyt-
ides and good quality of the skin botulinum toxin 
injection on the unaffected side may be satisfac-
tory. Operative procedures include unilateral fore-
head which can be performed endoscopic or open 
or a direct eyebrow lift. The choice of endoscopic 
or direct brow lifting depends on the severity of 
brow ptosis, quality of the skin and the age of the 
patient. Younger patients and less severe ptosis 
may be addressed by means of endoscopic eye-
brow lifting. Endoscopic is relatively ineffective 
among elderly patients whose eyebrow ptosis is 
severe. If these patients agree to a somewhat more 
visible scar, conventional juxta-brow excision is 
indicated [4]. Direct brow lifting may include a 
skin excision only or combined with dermal.

An alternative way is the trans-blepharoplasty 
approach. In the era of Endotine®, this is a rela-
tively easy technique with a direct effect on the 
eyebrow position but without the visible scar. It is 
often combined with upper lid blepharoplasty 
and is performed through the same incision. Also, 
the longevity of brow elevation in endoscopic 
brow lift with Endotine® has been established, 
some argue that the amount of lifting is limited so 
that it’s indicated in mild to moderate ptosis of 
the brow [5].

Fig. 27.2 Fascia lata harvest from the right leg of a male 
patient. Plan a longitudinal incision of 3–5 cm there where 
the lateral border of the vastus lateralis muscle is expected

Fig. 27.3 Dissection through the skin and fat will bring 
you to the fascia lata. The iliotibial tract and the fascia of 
the vastus lateralis muscle are preserved
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27.2.2  The Periocular Complex

The periocular complex may be affected in dif-
ferent ways that should carefully be evaluated. 
Closure of the eyelids is of vital importance to 
protect the eye. Facial palsy may result in para-
lytic retraction of the eyelid, lagophthalmos, par-
alytic ectropion, epiphora due to malposition of 
the lower eyelid punctum and even midface pto-
sis. The vision may be severely affected, mainly 
after longstanding paralysis of the temporal 
branch. Moreover, the orbicularis oculi muscle is 
a significant contributor of facial expression 
when smiling. Asymmetry of the aperture of the 
eyes and the lower eyelid and at the level of the 
lateral orbit may thus be observed when smiling. 
Botulinum toxin injection may therefore be 
needed to weaken the unaffected side. This must 
be carefully addressed since overuse of botuli-
num toxin may result in lagophthalmos of the 
unaffected eye.

Operative procedures include upper eyelid 
loading with a gold weight or platinum chain, 
medial and lateral canthoplasty and suspension 
of the inferior palpebra with allogenous or autog-
enous unvascularized fascia or tendon. Weight 
placement typically is the first step. Transposition 
of a double-belly temporalis flap may be used as 
a dynamic procedure to enhance closure of the 
eye. Midfacelifting has been described to address 
ptosis. A lift of the SOOF or (subperiostal mid-
facelift) have been described to address a ptotic 
palpebral-malar sulcus, retraction and lower eye-
lid and ptosis of the midface [6–9].

Periocular surgery should not be postponed to 
avoid corneal complications due to lagophthal-
mos from upper eyelid retraction or lower lid lax-
ity. The ophthalmologists should be involved 
from the beginning onwards. Little interventions 
improve eye comfort, safety, and aesthetics.

27.2.3  The Cheek

The nasolabial fold occurs because of connec-
tions between upper lip elevators and the dermis. 
When smiling, the connections contract too and 
as a result the fold gets deeper. A lack of motion 

of the midface results in a lack of the nasolabial 
fold, which may be quite striking. It may be rec-
reated by creating a scar at this location. There 
are several variations of techniques to deepen the 
nasolabial fold by attaching fascia transplants 
from the sub–superficial musculoaponeurotic 
system plane of the face to the dermis, even with-
out creating a linear scar [10]. The nasolabial 
incision may also be used for suspension of the 
nose and lips. A case in whom the nasolabial fold 
was recreated, as well as the corner of the mouth 
was lifted, is presented in Figs. 27.4, 27.5, 27.6 
and 27.7.

There may be a role for injectables and 
implants to improve the patient’s appearance. 
Lipofilling is relatively new.

27.2.4  The Nose

The nose may show collapse of the nostril at the 
affected side due to flaccidity of the lateral nasal 
wall and inferior medial displacement of the alar 
base. A lack of tonic muscular support of the alar 
and transverse nasalis muscles may result in 
functional deficit which presents as nasal airway 
obstruction. It is characterized by both internal 
external nasal valve narrowing and collapse dur-
ing inspiration. This may be further aggravated 
by pre-existing external and nasoseptal deformi-
ties. Nasal obstruction has a negative influence 
on the quality of life. It has often been over-

Fig. 27.4 Patient after masseter to facial nerve recon-
struction after radical parotidectomy. Good dynamic func-
tion but poor static outcome due to flaccid appearance of 
the face
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looked, although there is a straightforward surgi-
cal solution. Suspension of the external valve can 
be performed operatively by using unvascular-
ized fascia or tendon. Fascia lata sling placement 
has been proved to result in great improvement in 
patency of the external nasal valve [11]. The 
exact vector is chosen at a maximal nasal widen-
ing without distortion of nasolabial philtrum. 
Alternatively, Paniello has described a suture to 
secure the nasal valve area to the inferior orbital 
rim periosteum [12]. This may be performed 
simultaneous with a facial nerve resection and 
immediate reconstruction or any other kind of 
delayed reconstruction.

Note that cartilage grafts are ineffective 
because they do not adequately address the lack 
of tonic muscular support that displaces the ala 
and sidewall in patients with facial palsy.

27.2.5  The Lips

Drooping of the mouth corner can be addressed 
on the side of paralysis or on the healthy side. It 
is possible to suspend the lips directly using one 
or multiple strips of unvascularized fascia or ten-
don and insert them into the superior and inferior 
part of the paralyzed orbicularis oris muscle 
(Figs.  27.5, 27.6 and 27.7). The most proximal 
part is attached to the temporal fascia, the parotid 
fascia or zygomatic arch and the fascia may be 
woven through the free muscle transplant if pres-
ent. It may be sutured or a bone anchor could be 
used if the fascia is fixated to, or wrapped around 
the zygoma. The mouth opening is restricted to 
some extent because the fascia is fixed to an 
immovable area. Alternatively, fascia could sus-
pend the mouth corner to the mandibular coro-

Fig. 27.5 Upper photo: positioning of the fascia lata. 
Lower photo: suturing the fascia lata to the orbicularis oris 
muscle; cranially at the floor of the nose; middle at the 
level of the modiolus and caudally at the level of the lower 
lip (white circle)

Fig. 27.6 Upper photo: tunnelling the fascia lata using a 
penrose drain. Lower photo: note the new nasolabial fold. 
Finish surgery by suturing the fascia lata with a non- 
resolvable suture to the temporal fascia
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noid process to enable a shift of the mouth corner 
with mouth opening and closure [13]. It has also 
been described that the strips are inserted into the 
free muscle transplant proximally, and distally 
into the orbicularis oris muscle of the upper and 
lower lip on the nonparalyzed side. This recon-
struction makes use of the active and spontane-
ous muscle contraction of the contralateral side 
[14]. For the lower lip, suspension of the para-
lyzed side has the preference. However, it is 
much easier to denervate the contralateral depres-
sor labii either by means of botulinum toxin 
injection, neurectomy of the healthy marginal 
mandibular nerve or myectomy.

27.2.6  The Neck

The cervical branch of the facial nerve has a 
synergistic function with the marginal branch 

which innervate the unhappy mimics of the 
lower face. Inability to use the platysma muscle 
will alter the.

Depression of the lower lip as well as the aes-
thetic appearance of the neck are partially depen-
dent on the function of the platysma muscle. 
Botulinum toxin injection or myectomy of the 
contralateral platysma muscle may be considered.

27.3  Ancillary Procedures 
Simultaneously 
with Dynamic 
Reconstruction

There is a trend towards using static support to 
the upper and lower lip in conjunction with 
dynamic reconstruction. It is a more aggressive 
approach that contributes to rebalancing the face 
by using fascia or tendon to function as internal 

Fig. 27.7 Postoperative result at 6 weeks after surgery. Left in rest. Right while smiling. Patient was very happy. He 
was advised to restart mime therapy to improve the dynamic function again after this ancillary procedure
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splinting while waiting for re-innervation to 
occur [14, 15].

Suspension of the mouth using fascia or ten-
don may function as internal splinting of the 
muscle that is inactive until re-innervation occurs. 
With both one-stage or two-stage innervated free 
muscle transplantation, it takes times for the 
muscle flap to regain its function. This period 
may last for several months up to over 1 year and 
during this time, internal splinting may be useful 
to improve the oral continence and appearance of 
the face.

27.4  Outcome of Ancillary 
Procedures

The benefit of ancillary procedures may be enor-
mous, including an immediate functional 
improvement in chewing, oral retention, speech 
articulation, smile symmetry, nasal obstruction 
and ectropion and aesthetic improvement. As a 
result, there is a tremendous improvement in 
quality of life. Several studies have been per-
formed to assess the need for ancillary procedure 
and its effects [15]. Generally, the improvement 
of facial architecture was restored at 4–6 weeks 
after surgery, cq after the operative swelling 
resolved [16]. Especially scleral show, keratitis 
[16] and nasal obstruction [11] greatly improve 
after ancillary procedures. Also, in one study all 
patients experienced immediate subjective func-
tional improvement in speech, fluid retention, 
and chewing [16].

Facial rehabilitation is of utmost importance if 
an ancillary procedure is performed in conjunc-
tion to a dynamic reconstruction, or if an ancil-
lary procedure is aimed to function in a dynamic 
way, such as attaching fascia or tendon to a func-
tional muscle.

Procedure-specific complications include 
unsatisfactory improvement and visibility of the 
weight, chain or strip of fascia. It is difficult to 
properly position the fascia. Often, a slight over-
correction is introduced during surgery to make 
up for the unavoidable decrease in tone during 
follow up.

To conclude, there is a scala of possibilities to 
further improve symmetry simultaneously with 
or after previous reanimation or as a singular 
treatment. Generally spoken, these procedures 
have a low morbidity and result in immediate 
aesthetic improvement.
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Aesthetic Consideration 
and Ancillary Procedures in Facial 
Paralysis Reanimation

Per Hedén

28.1  Personal Background

Already in the early 1990s the author started to 
use botulinum toxin for facial paralysis patients 
and aesthetic indications. He was also part of the 
introduction of Hyaluronic Acid and has built a 
large nonsurgical practice within his chain of 
clinics, Akademikliniken in Scandinavia. Since 
the early 1980s Dr. Hedén has also had a pro-
found interest in facial paralysis reanimation and 
worked for more than 30 years with microneuro-
vascular reanimation procedures and added a 
number of different aesthetic components to the 
reanimation problem.

28.2  Introduction

A facial paralysis is a difficult reconstructive 
problem relating to several different factors:

 1. The variability of the condition is greatly dif-
ferent related to (a) the functional loss, (b) the 
aesthetic loss, (c) the patient suffering and (d) 
the duration of the paralysis. This last point is 
greatly relevant for the timing of reconstruc-
tion and important for final results of a reani-
mation procedure.

 2. Secondly facial paralysis reanimation is tech-
nically demanding repairs with a multitude of 
different techniques and treatment to consider.

 3. It is also impossible to achieve as good result 
as the healthy side of a hemifacial paralysis 
has or as natural movements as an unaffected 
face has in a bilateral paralysis. This is due to 
the great facial animation variability relating 
to the 35 different mimic muscles present in 
the face. All these muscles are innervated by 
the seventh cranial nerve.

 4. The fourth factor making facial palsy reani-
mation difficult is that optimal outcome 
involves a multitude of different consider-
ations and use of a multitude of different pro-
cedures to achieve a good result. Thus, a 
reconstructive surgeon dealing with facial 
paralysis has to master many different both 
aesthetic and reconstructive operations.

When it comes to selection of the reconstruc-
tive technique, this relates to

 1. Duration of the paralysis.
 2. Age of the patient.
 3. Complicating diseases.
 4. Functional problems.
 5. Aesthetic loss and suffering.

The duration of the paralysis greatly affects 
the reinnervation prognosis, the earlier 
 reinnervation can be performed the better the 
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chances are for a good outcome. Over time a 
paralysis of mimic muscle will gradually result in 
fibrosis and permanent muscle injury making any 
reanimation of these muscles impossible. It is not 
clearly demonstrated how long reanimation can 
be performed but it is unlikely that any innerva-
tion procedure of facial muscles of mimic two 
years after a paralysis will be effective. Most suc-
cessful reinnervation procedures of paralyzed 
muscles are done within a year after the start of 
the paralysis.

Another important factor when selecting the 
reconstructive technique is the age of the patient. 
Young patients have more favorable outcomes of 
reanimation and adopts better to a reanimation 
procedure compared to elderly patients. This does 
not exclude however that reanimation with nerve 
transplantation and muscle transfer can be 
achieved even in the more senior patients and suc-
cessful free muscle reanimations have been per-
formed in complicating diseases such as irradiation 
after cancer and diabetes mellitus must be consid-
ered as these reduce the chances for success with 
reanimation procedures. Another important factor 
when it comes to selecting reconstructive tech-
nique is the functional loss. Minor functional loss 
may be disturbing to the patient but may be a week 
indication for reanimation procedures. However, 
patients’ suffering is of great importance, and the 
more the patient suffers from the aesthetic and 
functional loss the stronger the indications are for 
reanimation attempts.

28.3  Acute and Subacute Facial 
Paralysis 0–18 Months

Unfortunately most patients and many physicians 
do not recognize the importance of the duration of 
a denervation. Considering the fact that no recon-
structive procedure never can replace the versatile 
17 facial mimic muscles on one facial side or the 
35 on both sides it is of great importance not to 
neglect the possibility of early muscle reinnerva-
tion of acute facial paralysis. However, it is widely 
common practice that patents with an acute facial 
paralysis are treated with “wait and see” before 
being referred to a reconstructive facial paralysis 

surgeon. This is especially true, and can even be 
considered the best option for Bell’s palsy as most 
of these spontaneous paralysis restore completely. 
Some of these (6–10%) do however have such a 
pronounced sequel that they may need advanced 
microneurovascular muscle transfers. If treated 
early with e.g., cross-facial nerve grafts this might 
have been avoidable. There is no consensus on 
early treatment of Bell’s palsy but an active 
approach to other etiologies to the paralysis (such 
as trauma or surgical lesions) should definitely be 
considered. Denervated facial muscles have 
increased sensitivity for axon sprouting and this 
has a duration of up to 18 months. If muscles are 
not reinnervated within this time there is a replace-
ment of collagen and fat, thus fibrosis within the 
muscle. To avoid these problems early reinnerva-
tion of the facial muscles is important if this is 
possible. Thus some type of primary nerve repair 
as soon as possible with the help of a direct nerve 
suture for peripheral injuries and hypoglossal 
transfer with combination of cross facial nerve 
grafting may be indicated in more central nerve 
injuries. Cross-facial nerve grafts can be used to 
minimize the mass movement seen after hypo-
glossal transfer. The author has used a complete 
transection of the hypoglossal nerve with end to 
end anastomosis of the facial nerve in patients 
with relatively long duration of the paralysis 
(12 months) with good outcomes in the reinnerva-
tion. To avoid problems from the paralyzed tongue 
a nerve graft is put end to side to the hypoglossal 
facial anastomosis and connected to the distal end 
of the cut hypoglossal nerve in the base of the 
tongue. For bilateral acute facial paralysis a jump 
graft from the hypoglossal to the facial nerve is 
favored to minimize risks for bilateral affection of 
tongue. For chronic facial paralysis with the dura-
tion of more than 18 months dynamic reconstruc-
tion is usually favored, regional muscle 
transposition with temporalis (Labbé) could be 
considered but for younger individuals the author 
has favored a two stage free gracilis transfer with 
cross facial nerve grafting in stage one. In some 
situations this has been combined with powering 
of the muscle with an end to side anastomosis of 
the masseter nerve. Initially the author used pec-
toralis minor but due to its short vascular stalk 
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more difficulty in harvesting the gracilis muscle 
has been favored in most cases. In secondary 
cases a segment of latissimus has also been used 
as this gives long neurovascular pedicles for anas-
tomosis to more distant vessels. This chapter only 
deals with aesthetic considerations for these pro-
cedures and not the other aspects of free muscle 
transplant that are covered in other chapters of 
this book.

28.4  Aesthetic Consideration 
in Chronic Facial Paralysis 
(>18 Months Duration) 
with Free Muscle Transplants

The chronic facial paralysis patient may suffer a 
multitude of different problems. These are of 
three different kinds: (a) functional, (b) emo-
tional, (c) aesthetic. Functional loss relates to 
mainly the mouth and eye. With loss of orbicu-
laris oculi function the blink function of the eye 
is reduced or lost. This creates dryness, reactive 
tear flow, and possibly corneal sores. A partially 
healed facial paresis, e.g., after Bell’s palsy, may 
result in synkinesia when the eye is closed during 
smiling. Treatment of this is covered below.

The loss of function in perioral muscles 
mainly zygomaticus major and minor may give 
the patient problems with food intake and speech. 
Other for most patients equally or worse suffer-
ing in unilateral facial paralysis relates to the aes-
thetic appearance with exaggerated asymmetry 
during smile. The emotional suffering, thus loss 
of normal interpersonal communication is best 
illustrated in bilateral facial complete facial 
paralysis. It has been said humans can only speak 
the language of the sole with the facial nerve 
intact. Thus complete loss of facial animating 
muscles also eliminates the normal emotional 
contact with other human being’s. Just imagine a 
laughing patient with a complete bilateral facial 
paralysis who cannot express this in any way 
with a parallel smile. Other persons will not 
regard this as a happy person even though the 
patient may feel great happiness inside.

Treatment of chronic facial paralysis involves 
both aesthetic procedures such as elevation of the 

eyebrow, corner of the mouth, midface lifting, 
etc. (covered below) and free muscle transplant 
with cross facial nerve grafting and/or masseter 
innervation in more pronounced losses. Even if 
free muscle transplants with cross facial innerva-
tion can be performed in a one stage procedure 
the author prefers a two stage procedure with 
cross facial nerve grafting in the first stage. The 
benefit of this is shorter time to reinnervate and 
less atrophy and fibrosis of the transplanted mus-
cle. To achieve both a good functional and aes-
thetic result of a free muscle transplantation, 
many surgical details have to be taken into con-
sideration and mastered. In this chapter only the 
aesthetic considerations for a successful free 
micro neuro vascular muscle transfer will be 
discussed.

The following points are of importance to 
consider for successful aesthetic outcome of a 
free muscle transplant:

 1. The incision and exposure.
 2. The dissection plane.
 3. The fixation points.
 4. The fixation techniques.
 5. The pulling vectors.
 6. The muscle tension.
 7. The facial volume.

28.4.1  Incisions

A modified facelift-parotidectomy incision is 
recommended. If skin closing principles for face-
lifts are employed the scar is usually very incon-
spicuous after these types of incisions. Even if a 
shorter incision without a neck extension has been 
described it limits the exposure and makes part of 
the fixation of the muscle more difficult and risky 
(Fig. 28.1a, b). A nasolabial fold incision can be 
avoided with a modified facelift- parotidectomy 
incision, neither is intraoral incisions necessary. 
During cross facial nerve grafting a small incision 
is done in the contra  lateral intra nasal is used for 
subcutaneous placement of the sural nervegraft. 
Mid cheek insicions should be avoided if a scar is 
not located in this region due to previous trauma 
or surgery (Fig. 28.2a–c).
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28.4.2  The Dissection Plane

Superficial skin dissection when elevating the 
flap may result in muscle movements visible 
through the skin (Fig.  28.3a). Therefore a sub- 
SMAS supra muscular dissection is favored 
(Fig.  28.3b). This covers the muscle transplant 
well and minimizes animation visibility. This dis-
section plane should be used with caution in the 
partial facial paresis but experienced facelift sur-
geons being used to extended high SMAS eleva-
tion has no problem with this dissection plane. 
The author has in a selected cases used a supra-
periosteal dissection on top of the zygomatic arch 
and the zygoma but this advanced dissection 
plane is not necessary to avoid muscle animation 
visibility. Supraperiosteal placement of a muscle 
transplant also makes the insertion of the muscle 
and the nerve and vessels anastomosis more com-
plicated. In addition to this the position of the 
parotid duct in relation to the muscle transplant 
has to be considered.

28.4.3  The Fixation Points

With one free muscle transplant it obviously 
impossible to mimic all the diverse movements of 
all of the perioral muscles but by using multiple 
fixation points a good balanced smile can be 

achieved. These are the alae nasi, the commissure, 
the upper and lower lip and the nasolabial fold.

28.4.4  The Fixation Technique

The author has found a transcutaneous suture 
technique to be more reliable than suturing from 
only the deep dissection plane the into the desired 
point of action (Fig. 28.4). The needle (4/0 nylon 
suture) is placed from the deep dissection point, 
straight through the skin at the desired point of 
action and back into the deep dissection plane 
through the same hole in the skin. This offers a 
more precise positioning of the muscle and a bet-
ter control of the movements in this area. Note 
that when the needle is passed through the skin, 
the angle going in and out through the hole is dif-
ferent to achieve a good deep dermal bite. Initially 
small indentations in the skin are noted but these 
disappear during the first weeks of healing.

28.4.5  The Pulling Vectors

The vectors of tension should parallel the zygo-
matic major and minor muscle. Thus the dis-
sected facial skin/SMAS flap must reach the 
lateral part of the orbit, the base of the nose, and 
the upper and lower lip.

a b

Fig. 28.1 (a) An average scar 6 months after a modified facelift-parotidectomy incision and (b) the good exposure 
obtained for muscle insertion and anastomoses
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28.4.6  The Muscle Tension

To achieve an adequate muscle tension it is useful 
to measure and mark (e.g., with small sutures 
every 1–2  cm along the resting donor muscles 
surface before it is divided from its donor area. 
When inserting the muscle the tension should 
simulate a full smile on the table.

28.4.7  The Facial Volume

As a free muscle transplant adds volume to the 
paralyzed muscle side there may be volumetric 
differences with facial asymmetry after a suc-
cessful free muscle transplant. Therefore a fat 
transplantation on the healthy side could be con-
sidered. Even if this could be done at a later stage 

a b

c

Fig. 28.2 (a) After 
previous unsuccessful 
free muscle 
transplantation with a 
mid-cheek incision by 
an unknown surgeon. (b) 
After secondary free 
muscle transplantation 
with cross-facial and 
masseter nerve 
innervation. (c) The 
modified incision for 
good exposure of 
operating field
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as a complementary secondary procedure it could 
also be considered at the time of the cross facial 
nerve grafting where a small segment of fat trans-
plant can be sutured on top of the cross facial 
nerve graft in a place so it mimics the contralat-
eral muscle transplant done at a later stage. 
During the free muscle transplant a fat injection 
can also be done on the contra lateral side and to 
avoid too much volume during the muscle trans-
plant a careful trimming of the muscle at primary 
insertion is important. However, extreme care not 
to over trim the muscle is recommended as a suc-
cessful but weak transferred muscle makes the 

procedure partly unsuccessful. Bircha’s fat pad 
removal on the paralyzed side during the muscle 
transplantation can also be considered to balance 
facial volumetric differences.

28.5  Aesthetic Considerations 
and Ancillary Procedures 
in Facial Paralysis 
Reanimation

In chronic facial paresis with a partial restitution 
and limited loss of function, free muscle trans-
plantation is seldomly indicated, neither is 
regional muscle transplants. This is in spite of the 
fact that the patient may suffer greatly from the 
paresis. Much of this suffering is aesthetic but 
also functional problems from the eye are com-
mon. Even if free muscle transplant from the pla-
tysma and frontalis has been used by the author 
to reanimate the eye the indications and success 
of these procedures makes the indication very 
week for such advanced surgery. Regional mus-
cle transplant from the temporalis muscle may be 
indicated but in most cases eye closure is better 
achieved by local procedures such as tarsoraphy, 
canthopexy, and possibly gold weight loading to 
the upper lid. These more functional procedures 
will not be covered in this chapter which mainly 

a b

Fig. 28.3 (a) Mid-cheek rhytids during smiling after free muscle transplant as a result of a thin skin flap elevation. (b) 
The recommended supramuscular dissection plane including the SMAS/parotid fascia and platysma

Fig. 28.4 The muscle tension on the table with transcuta-
neous fixation in the commissure nasolabial fold and alar 
base
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deals with the aesthetic aspects of facial paralysis 
reanimation. Considering the great aesthetic suf-
fering patients with facial paralysis suffer from it 
is surprisingly little written about ancillary aes-
thetic procedures for this group of patients [1]. 
Most publications refer to the use of botulinum 
toxin and hyaluronic acids injections [2–5].

There are a number of ancillary procedures 
that should be mastered and considered in facial 
paralysis patients. These include:

 1. Botulinum neuro toxin A injection
 2. Hyaluronic acid injections
 3. Fat grafting procedures
 4. Lip lifting procedures
 5. Forehead lifting procedures
 6. Blepharoplasties
 7. Canthopexy’s
 8. Midface and facelifting procedures

28.6  Botulinum Toxin (BoNt)

Botulinum toxin (BoNt) is probably the most 
important tool for all muscular imbalances and 
this is something that any physician dealing with 
facial paresis patients should learn and master. In 
many situations injectables are the only alterna-
tives to treat a patient; this is especially true in 
minor muscular imbalances where botulinum 
toxin is the work horse (Fig. 28.5a–d). It is also 
an invaluable drug for refinements of more 

advanced free muscle transplant procedures 
where it is impossible to achieve exactly the same 
situation as on the contra lateral healthy side. An 
example of this is the inability to give a good 
depressor muscle activity during free muscle 
transplants. Therefore BoNt treatment of the 
depressor labii inferior muscles on the healthy 
side should be considered in many of these 
patients. When treating a patient with BoNt, it is 
of great importance to underline for the patient 
that this is a highly individualized treatment. 
Patients must be aware of the fact that it takes one 
to three follow-ups to find out the exact needed 
dose and that the duration of this is highly vari-
able. Most facial paralysis patients need injec-
tions three to four times per year to maintain a 
good balanced facial situation.

Planning and performing the BoNt injection 
involves a detailed information to the patient 
about goals of the treatment and expected results. 
Patients should also be informed about the fact 
that if they don’t like the treatment or if a slightly 
too high dose is injected in one area this problem 
will disappear within a couple of months. They 
should also understand that one or several follow- 
ups with a complementary injection usually is 
needed for fine tune the injection strategy for the 
future. A meticulous analysis of the facial move-
ments involving careful photography, preferably 
also with video documentation, and communica-
tion related to these pictures with the patient is 
important before the first injection. Injections 

a b c d

Fig. 28.5 (a) The sequel after Bell’s palsy may be very subtle at rest but apparent (c) during a smile. After BoNt treat-
ment (b) at rest and (d) smiling
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involve both muscles on the contra lateral healthy 
and the affected paralyzed side. On the paralyzed 
side most common injections involves a synkine-
sia of the eye where injections in the upper eyelid 
into the pretarsal muscle are carefully tittered 
out. Usually 0.5 units of Botox®, if this product is 
used, is given in the lateral part of the pretarsal 
muscle over the tarsus and in the most medial 
part of the tarsus. Also, a similar dose in the cen-
ter of the lower lid below the rim is usually given. 
Even if the orbicularis occuli is slighty week but 
has synkinesia during e.g., smiling this dose sel-
dom create lagophtalmos problems with dry eye 
symptoms and more commonly the dose care-
fully have to be increased at follow-up. The para-
lyzed side can also benefit from treatment of the 
depressor angulis oris muscle and the platysma 
muscle if these have increased tonus. The contra 
lateral healthy side is injected to balance the par-
alyzed side and usually this involves the frontalis, 
nasalis, zygomaticus major and minor, the 
depressor labia inferior and the risorius muscles. 
Also platysma muscle and depressor angulis oris 
may be considered for injection and also the orbi-
cularis oris. Many patients express that they 
experience increased movements on the para-
lyzed side when the healthy side has been 
injected. This may be due to the fact that reduced 
activity on the healthy side increases the patients’ 
subconscious willingness to activate facial activ-
ity affecting both sides in a positive way.

Remember that BoNt treatment is like a tug of 
war, if we weaken one end of the rope the tug of 
war will move in the opposite direction. Therefore 
the synergistic and antagonistic effect of different 
muscle and also gravitational forces should be 
considered when planning and performing botu-
linum toxin injections. When it comes to the 
doses of BoNt this should, as mentioned above, 
be highly individualized and depends on the age 
of the patient, the sex (usually men need higher 
doses than women), the skin type where thick 
skin may need a slightly higher dose but mainly 
the muscle volume and the strength of the mus-
cle. Also a great interindividual variability exists. 
Sometimes, even extremely small doses of botu-
linum toxin have profound effects for the patient.

The carefully titrated dose of BoNt should 
be recorded onto a facial schedule which would 
be the regime to follow for later injections. At 
follow- up, usually approximately 14 days after 
the first injection a new series of photos are 
taken and possibly also video documentation. 
(Fig. 28.6a, b).

The patient’s satisfaction with the injections 
is recorded. If needed touch-up injections are 
given with a new follow-up 2 weeks later. When 
the patient is happy and the aesthetic outcome is 
as improved as it can be by a BoNt treatment the 
patient is told to wait 5 months before the fol-
low- up and to carefully record when the imbal-
ance reoccurs. This will help to define the ideal 

a b

Fig. 28.6 (a) Example of an anatomy chart and the treatments with HA and BoNt given and (b) The result and exam-
ples of a series of pictures taken before and at the first follow-up after the treatment
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interval between two treatments. Patients are 
recommended to have their re-treatments before 
a full recovery of the facial muscles activity. 
BoNt treated facial paralysis patients usually are 
highly satisfied and has big confidence in the 
physician that know and regularly treat the 
patient and it is often difficult to delegate this 
type of treatment to others. As these patients 
usually need injections three to four times a year, 
these tend to become a high burden on the outpa-
tient clinics. For a busy surgeon it can be diffi-
cult to find time for these clinics as the number 
of patients rapidly increases. To master this 
problem and to increase the productivity during 
these clinics without losing quality a dedicated 
injections clinic is recommended where other 
types of outpatient follow- ups are avoided. This 
is a considerable time saver where several toxin 
vials are diluted into a larger container and 
syringes are prefilled by nurses. Usually 0.3 and 
0.1 insulin syringes (BD®insulin syringe) are 
used. During these clinics HA products should 
also be available if needed for the reasons men-
tioned below. If possible patients should be 
treated by one physician in up to three (even four 
for a fast physician) different rooms with three 
assisting nurses who are responsible for taking 
patients into the treatment room, be well edu-
cated in photography and take the before and 
after pictures (if needed but obviously not to be 
done during every injection session), put the 
patient in the treatment chair, remove EMLA 
cream if used, and wipe the face clean with alco-
hol. The nurses are also responsible for tidying 
up after the injection, applying ice pack, clean-
ing the face, and applying moisturizing cream 
and take the patient out to the reception area. The 
nurses should also help to book the next appoint-
ment. Very important to be effective in these 
clinics is also to have a good documentation on a 
facial anatomy chart. On this the exact localiza-
tion and dose of BoNt is recorded. This chart 
should be placed in the lap of the patient when 
the physician arrives to the treatment room. A 
new schedule is made only when the dose is 
changed which may be indicated after years of 
treatment. This is especially true for certain 
areas e.g., synkinesia of the eye (see below).

Even if botulinum toxin has a well-recognized 
duration of between 2 and 6 month in facial mus-
cles also much longer effects have been observed. 
Exemplifying this is a number of patients with a 
partially healed Bell’s palsy treated by the author 
with BoNt for synkinesia with eye closure. 
Usually the eye closure occurs during smile or 
other type of facial movements e.g., pursing of 
lips, nasalis activation, etc. The treatment for 
these symptoms is pretarsal low dose BoNt injec-
tion to minimize the spastic tendency of the orbi-
cularis oculi muscle. These treatments have been 
able to permanently cure the synkinesia for many 
patients. The mechanism for these findings is not 
fully known but as we know that the effect of 
BoNt always is reversible it is likely that these 
long-term effects related not to direct drug effect 
but rather to the plasticity of the brain plasticity. 
(Fig.  28.7a–c) Thus, repeated BoNt injections 
modified long-term brain signaling. It is difficult 
to find other explanations for these interesting 
findings.

28.7  Hyaluronic Acid Injection

With the introduction of the first botulinum toxin 
A (Botox®) in the early 1990s a very important 
tool for dealing with facial paresis patients 
became available. In 1996 The Q-MED company 
introduced the first synthetic Hyaluronic acid 
filler (HA) on the market (Restylane®). Since 
then a large number of different neurotoxins and 
fillers has been introduced to the market and pref-
erences for products depends on the physicians 
experience but also the characteristics of differ-
ent products. This chapter will not deal with these 
matters but rather just conclude that the use of 
botulinum toxin and HA fillers can act in a syner-
gistic way to improve the outcome of injectables 
during facial paresis treatments (Figs.  28.8a, b, 
and 28.9).

Hyaluronic acid is a naturally occurring sugar 
in the body and its effect on attracting water 
makes it an ideal as a commercially available 
filler. Permanent fillers are avoided for these 
groups of patients as they will come for regular 
botulinum toxin treatments. There are also many 
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other reasons to avoid permanent fillers e.g., the 
risk for development of granulomas. These can 
be very difficult to remove whereas HA fillers 
can easily be removed by injection of the hyal-
uronidase enzyme. A partially healed facial pare-
sis may have a deepened nasolabial fold on the 

partly paralyzed side due to increased tonus of 
the facial muscles and this is usually successfully 
treated with HA injections. Also, rhytids on the 
cheek after free muscle transplants can be treated 
with these injectables as can be imbalances in 
peri oral rhytids. It has also been noted that 

a b c d

Fig. 28.7 (a) and (c) Relaxed and smiling 2 years after a 
Bell’s palsy. (b) and (d) Nine years later after regular 
BoNt treatments. Note the absence of synkinesia in the 
left eye in spite of the fact that treatments in the orbicu-

laris occuli have not been given for 6 years. It is likely that 
the initial 3 years of orbicularis occuli treatment retrained 
the brain not to send out signals of eye closure during a 
smile

a b

c d

Fig. 28.8 (a) and (b) A patient referred from another country for free muscle transplant before treatment with HA 
injection in the lips and global facial BoNt treatment (c) and (d) after injections (no surgical intervention needed)
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Hyaluronic acid injections alone without neuro-
toxins has animation effects, probably acting like 
a underwire in a brassiere stretching of cloth of 
the bra. Similarly when injecting e.g., in the lip 
contour it minimizes the animation rhytids in the 
upper lip caused by activation of the orbicularis 
oris muscle . HA fillers are also excellent to volu-
mize the face and after reconstructive procedures 
with free muscle transplantation as mentioned 
above there could be volumetric differences 
between the two facial sides. Injecting a volumiz-
ing filler can compensate for these volumetric 
imbalances. These injectable can also have a soft 
facial lifting effect if injected in a proper way. 
Accidental injections into arteries my create 
necrosis and even blindness. To avoid unintended 
intravascular injections of HA fillers blunt can-
nulas are recommended for use in the sub cutane-
ous layer. For lip contour injections, intradermal 
injections or augmentations on the bone needles 
are however favored .Obviously good knowledge 

of facial anatomy is of great importance when 
using injectables.

BoNt and HA injections is like playing a vio-
lin: Anybody with a basic training in medicine 
can give these type of injectable as anybody can 
pick up a violin and produce a sound, but this 
does not mean that the result will be good. As for 
the violin the injection treatments has to be fine- 
tuned. Thus follow-up and analysis of results are 
necessary. The violin player also needs experi-
ence, interest, training, and good knowledge and 
the same if true for the injector of these sub-
stances to achieve an optimal outcome.

28.8  Fat Grafting

As mentioned above fat grafting should be con-
sidered to balance the face for volumetric imbal-
ances that could be the result of a successful free 
muscle transplant. There are however also many 

a b

Fig. 28.9 The same patient as in Fig. 28.8 (a) before and 
after (b) after adjustment and fine tuning of the right dose 
of BoNt and volume of HA. This is a good illustration to 

how these relatively simple and highly cost-effective pro-
cedures can give a greatly improved quality of life
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other indications for fat grafting to the face after 
a facial paralysis [6]. This may involve a lip 
imbalance where the paralysis of the orbicularis 
muscle on one side may reduce lip volume and 
indicate fat grafting. Injections of fat with the 
Coleman [7] technique or micro fat according to 
Tonnard [8] frequently produce insufficient vol-
ume in the lips. The reason for poor fat survival in 
the lips is unclear but the author has found that 
segmental fat transplant where a piece of fat is 
implanted into the lip has much better fat sur-
vival. Thus segmental fat grafting is favored in 
the lips and a simplified instrument for harvesting 
and implantation of such fat has been invented 
and patented by the author (Resitu® technique) 
(Fig. 28.10a–d).

When it comes to peri oral rhytids SNIF 
(sharp needle intradermal fatgrafting according) 
can be useful to balance the perioral area as can 
injections into the nasolabial fold and the chin 
area. It is important to analyze the whole face 
when planning for fat grafting and frequently 
both the midface, periorbit, and lips are treated. 
Fat grafting in the eyelid region  usually has very 
good survival but the risk for irregularities under 
the thin eyelid skin is higher. Thus the technique 
for injection of fat in the periorbit is of impor-
tance. Injections should preferably be done with 
microfat, thus prepared not to contain larger fat 
lobules. The injection is done with thin cannulas 

0.7 or 0.9  mm  ø and a large number of rapid 
passes are recommended to implant 1 ml of fat. 
Placement should be deep on the supraperiosteal 
layer.

Many harvesting and preparation techniques 
have been used and fat survival is greatly variable 
between individuals and in different regions. Fat 
injections can be done with a multitude of differ-
ent techniques and it goes beyond the scope of 
this book to detail different cleaning procedures 
and injection techniques. Instead the reader is 
referred to textbooks and articles on this subject. 
It is however important to underline that fat graft-
ing is an important tool also in facial paralysis 
reanimation.

28.9  Lip Lifting Procedures

With a facial paralysis effecting the mouth differ-
ent types of lifting procedures can be indicated 
both after free muscle transplant but also after 
partial paresis such as after Bell’s palsy. This may 
result in a slightly lowered commissure of the 
mouth on the paralyzed side. A lip corner [9] can 
create the illusion of a balanced and more smiling 
corner even if the movement is not improved. If 
the whole lip is hanging an extension of the cor-
ner lift can be done with an excision of skin along 
and above the lip contour close to the cupids bow. 

a b c d

Fig. 28.10 (a) relaxed and (c) full facial animation; 
Moebius syndrome with complete bilateral facial paraly-
sis. (b) Relaxed and (d) smiling after bilateral free gracilis 
muscle transplantation with masseter innervation. 

Secondary V-Y mucosal advancement lip lengthening and 
segmental fat transplantation (Resitu®) to the lips to aid 
with lip closure (a rhinoplasty was also performed)
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The excision should not include the cupids bow 
but stop lateral to it. To achieve good volume on 
the paralyzed side also mucosal advancement 
with multiple V-Y mucosal advancement flap 
could be considered. Frequently the best volu-
metric improvement is achieved with a combina-
tion of V-Y mucosal advancement and segmental 
fat transplantation (Fig. 28.11a–c).

28.10  Forehead Lifting

A very common sequelae after facial paralysis 
is ptosis of the eyebrow. This is probably due to 
the fact that the frontalis muscle is a thin and 
relatively weak muscle with a small volume and 
thus, probably more sensitivity to denervation. 
Even after healing of a Bell’s palsy the eyebrow 
elevation frequently is weaker than on the con-
tralateral side. When making aesthetic evalua-
tion of a paralyzed face it is important to analyze 
the position of the brow. Contra lateral BoNt 
injection may lower a high brow on the healthy 
side but more frequently it is indicated to lift the 
brow. This can be done as coronal exposure and 
lifting or endoscopic approach with release of 
the corrugator muscles or lateral forehead lift-
ing alone [10, 11]. Today lateral lifting [12] is 
more common as aesthetic procedures and espe-
cially in the younger paralyzed patients a unilat-
eral treatment sometimes in combination with 
BoNt treatments are relatively common. In the 
middle-aged patients it is commonly indicated 
to do a bilateral treatment. In the elderly patient 
a local eyebrow lifting with an oval excision of 
skin exactly at the margin of the eyebrow is 
favored [13].

Many different techniques for lateral eyebrow 
lifting has been described but usually the eye-
brow in mobilized from a temporal incision in the 
hair-bearing area and fixation with cortical bone 
tunnel screws or Endotine® plates are common. 
The author has favored a direct approach with a 
temporal incision, dissection and release of the 
lateral brow and transcutaneous sutures passed 
through the eyebrow under the elevated forehead 
scalp skin and then externalized and tied over 
foam bolsters during 14 days. This gives a very 
strong lift to the lateral brow at the desired point 
of action in the brow where the transcutaneous 
sutures are passed in and out through the skin 
(Fig.  28.12a–d). Other fixation techniques have 
the fixation point relatively far away from the 
desired point of action.

28.11  Blepharoplasty

Even if much of the upper eyelid skin excess may 
be related to ptosis of the eyebrow there are 
sometimes indications for blepharoplasty’s which 
even may be indicated bilaterally for good sym-
metry. When evaluating the indication for an 
upper blepharoplasty it is very important to ana-
lyze the brow position and frontalis function. 
Carefully also examine if lid ptosis with an age 
related extension of the levator aponeurosis is 
present. In a facial paralysis this in not uncom-
monly unilateral and affects the healthy side in 
older individuals. Ptosis correction with shorten-
ing of the levator aponeurosis should be done 
simultaneously with the blepharoplasty if needed 
attempt to correct lateral brow ptosis with aggres-
sive resection of eyelid skin should never be 

a b c

Fig. 28.11 (a) Before and (b) after free muscle trans-
plantation of a left sided facial paralysis with remaining 
lip asymmetry. (c) after secondary lip contour elevation (R 

side), mucosal resection (L commissure), mucusal V-Y 
advancement (L side). Segmental fat transplantation 
(RESITU® technique) upper and lower lips
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done. This will destroy the normal anatomy of 
the upper lids and make a later eyebrow reposi-
tioning impossible for the lack of eyelid skin. 
When marking the skin excision, the lower inci-
sion should be marked 8 mm above the eyelashes 
and a minimum of 15 mm of upper eyelid skin 
should be left to the border of the brow above the 
upper excision. A small strip of orbicularis mus-
cle is resected above the lower incision line to 
improve the fold if this is poorly defined. Only 
clear excess of fat, usually medially in the elderly 
patients, is resected, also considering fat grafting 
in the orbital rim in the hollow upper eyelid. This 
is done with a thin 0.7 or 0.9 blunt cannula to 
avoid problems. Obviously an upper blepharo-
plasty can also be combined with a gold weight 
implantation positioned on the upper tarsal bor-
der in patients suffering from lagopthalmos. 
However, it is common that patients treated with 
gold weight implantation for functional improve-
ment of the eye closure regard this an aesthetic 
worsening of the appearance. To minimize gold 
weight visibly, reduce the risk for exposure and 
extrusion and to improve the aesthetic appear-
ance the author developed a technique of cover-
ing the gold weight with a small piece of temporal 
fascia.

28.12  Canthopexy

Even if a canthopexy may be indicated for func-
tional reasons there are also aesthetic reasons to 
consider a canthopexy. If the orbicularis occuli is 
weak or paralyzed the tonus of the lower lid is 
reduced and scleral show is common. Even if this 
does not cause the patient functional problems it 
may result in a wider and rounder looking eye. A 
canthopexy may improve both the aesthetic and 
functional problems related to scleral show. If a 
lower lid blepharoplasty is considered for aes-
thetic reasons it is also of paramount importance 
to examine the tonus of the lower lid. This can be 
done with a snap test when the lid is pulled down 
form the globe and the released. If the lid does 
not return to the globe within 2  s the tonus is 
reduced. Remember that the patient cannot blink 
during this maneuver, is she/he does the test must 
be redone. In the paralyzed eye the tonus, espe-
cially in the aged patient is frequently so poor 
that a bone fixation during canthopexy is recom-
mended. This can be performed via a small upper 
lateral eyelid incision and exposure of the bone at 
the Whytham’s tubercle. Two drill holes are made 
and a 4–0 nylon suture is passed to the lower eye-
lid grasping the lateral tarsus and the inferior reti-

a b c d

Fig. 28.12 (a) Relaxed and (b) smiling before secondary 
free muscle transplantation. (c) Relaxed and (d) smiling 
after secondary free muscle transplantation with cross 

facial and masseter nerve innervation. Also an eyebrow- 
elevation, upper blepharoplasty, and canthopexy was done 
on the right eye
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naculum of the cantal ligament. Frequently a 
canthotomy and possibly also shortening of the 
lower lid may be combined with the canthopexy. 
The sutures are passed under the lateral elevated 
skin and orbicularis muscle and up to the drill 
hole. The suture is tied so the knot comes on the 
inside of the orbital rim, giving a very stable fixa-
tion of the lower lid. This procedures balance the 
appearance of the lower lids but also helps the 
patient with closure and minimizes the eyes sen-
sitivity for wind. If a true ectropion is present the 
canthopexy may be combined with a midfacelift 
(as described below) for maximal support of the 
lower lid.

28.13  Midface and Face Lifting

A midface lift can be performed in different 
ways [14, 15] but the author favors a transoral 
sub periosteal route. This is especially indicated 
after previous free muscle transplant where 
avoiding dissection into the plane of the muscle 
transplant do not jeopardize the microneurovas-
cular supply to the transplanted muscle. 
(Fig. 28.13a–c). An approximately 2.5 cm long 
L-shaped mucosal incision is made intra orally 
at the third upper tooth and via direct visualiza-
tion of the midfacial bone a subperiosteal release 
is done of the whole zygoma and the zygomatic 
arch. The masseter tendon and upper part of the 
masseter is exposed and the infraorbital rim 

released including the orbicularis retaining liga-
ment and the arcus marginalis. The infra orbital 
nerve is visualized and preserved and the dis-
section is carried out up to the lateral orbital rim 
where the temporal zygomaticofacial sensory 
nerve is visualized and preserved. An oblique 
incision is done in the hair above the ear and the 
deep temporal fascia is exposed down to the 
orbital rim and communicated to the intraoral 
dissection plane. An Endotine® midface plate is 
placed in the SOOF (suborbicularis fat pad) 
midface fat and sutured to the deep temporal 
fascia giving very strong elevation of the mid-
face. These types of midface lifts do not only 
rejuvenate the midface but also achieve lower 
lid support and rejuvenation. Usually a lower lid 
blepharoplasty with fat transposition is avoided 
at this stage and recommended to do at the sec-
ond stage if needed. Sometimes midface lifts are 
performed bilaterally for best balance of the 
face but in many situations a unilateral treat-
ment is also indicated.

Facelift with high SMAS elevation has certain 
indications in the elderly facial paralysis patients 
but the indication for this procedure is less strong 
than midface lifts according to the technique 
described above. When performing a high SMAS 
elevation a good face lifting effect is achieved 
and improvement of the corner of the mouth can 
also be seen. This could be very beneficial for a 
patient with a partial facial paralysis. Details on 
how to perform this procedure in the optimal way 

a b c

Fig. 28.13 Smiling (a) before and (b) after free muscle 
transplantation with cross-facial innervation. (c) Smiling 
after subperiosteal midfacelift to balance the position of 

the commissure and the free muscle transplant. A corner-
lift of the mouth [9] was also performed
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goes beyond the scope of this chapter and referral 
to a text book on this chapter is recommended 
instead.

28.14  Summary

Facial paralyses are usually difficult reconstruc-
tive problems and a large number of different 
treatment options must be considered. The treat-
ment selection depends on the patients suffering, 
the aesthetic and functional loss but also the 
patient age and complicating diseases must be 
considered. It is of utmost importance that the 
patient has realistic expectations of the outcome 
and understanding that it is impossible to achieve 
as good result as on the healthy contra lateral side 
in a unilateral facial paralysis. Reconstructive 
surgeons performing facial reanimation proce-
dures must not only master advanced reconstruc-
tive free muscle transplants but also must consider 
a number of aesthetic procedures such as fat 
grafting, midface and forehead lifting, etc. Facial 
paralysis is probably the best illustration to how 
intimately reconstructive and aesthetic surgery is 
connected. A reconstructive surgeon must have 
good knowledge of aesthetic procedures to 
achieve optimal outcomes for facial paralysis 
patients and reversely an aesthetic physician 
without training in reconstructive surgery should 
preferably refer patients with these problems to 
physicians who deal with both aesthetic and 
reconstructive parts of these difficult problems.
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29.1  Introduction

The etiology of facial contour deformity is 
diverse, ranging from congenital anomalies such 
as craniofacial macrosomia, degenerative dis-
eases such as progressive hemifacial atrophy, to 
acquired causes including trauma and defects fol-
lowing oncologic ablative surgery or craniofacial 
operations. If the extent of contour deformity is 
not severe or extensive, lipoinjection can be a 
good treatment method in most cases, although 
repetitive procedures are often required due to 
unpredictable absorption and survival of the 
grafted fat. However, a major contour deformity 
often involves multiple tissues, ranging from skin 
and subcutaneous tissue to muscle and even bony 
structures, and requires substantial tissue volume 
for reconstruction, for which lipoinjection alone 
would not suffice and tissue transfer is favored. A 
pedicled flap can be considered, but its use may 
be very limited in facial region due to insufficient 
volume of adjacent tissue and donor site morbid-
ity. Free tissue transfer from remote places has 
served as the gold standard for the reconstruction 
of a major contour deformity. Distinct strengths 
of this method include the availability of abun-
dant well-vascularized tissue, acceptable donor 
morbidity, and reliable, natural-appearing, and 
long-lasting final outcomes. Various kinds of 
workhorse free flaps including a radial forearm 
flap, anterolateral thigh flap, and a groin flap, and 

Key Points
• Free tissue transfer has served as the 

gold standard for correction of major 
facial contour deformity. Adipofascial 
flap can be considered primarily.

• Simultaneous reconstruction of facial 
paralysis and contour deformity requires 
two different flap components; one of 
the functional muscle segment for smile 
reconstruction and additional flap for 
contour correction.

• A chimeric flap in which two flaps are 
combined with a common pedicle is a 
viable option for reconstruction of com-
plex facial paralysis.

• The latissimus dorsi muscle donor site 
has enormous strengths of designing 
chimeric flap.

• Diligent secondary correction with 
lipoinjection and/or liposuction should 
be accompanied to enhance final aes-
thetic results.
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a thoracodorsal artery perforator flap, have been 
commonly used.

Meanwhile, some of the diseases that cause 
facial contour deformity can be related to dys-
function of the facial nerve and result in facial 
paralysis as well. Oncologic resection of a parotid 
gland tumor or schwannoma is representative 
condition that can cause facial contour deformity 
accompanied by facial nerve paralysis. Since the 
causes of acquired facial paralysis are diverse, a 
patient can present with various facial contour 
deformities with iatrogenic, pathologic, or trau-
matic origins. Congenital facial paralysis associ-
ated with craniofacial microsomia can also have 
varying degrees of atrophy on the affected side of 
the face. Reconstruction of complex facial paral-
ysis, consisting of facial paralysis and concomi-
tant contour deformity, presents an added 
challenge to the reconstructive microsurgeon. 
Achieving both functional and aesthetic 
 reconstruction simultaneously can be a treatment 
goal in this situation. Smile reconstruction is a 
priority in the planning and execution of recon-
structive procedures; however, without appropri-
ate correction of a facial contour deformity, the 
value of reanimation surgery can fade, resulting 
in overall suboptimal results. Functional muscle 
transfer, with or without cross-facial nerve graft-
ing, has been a main modality for the treatment of 
established facial paralysis. Thus, simultaneous 
reconstruction of facial paralysis and major con-
tour deformity requires two flap components: a 
functioning muscle flap to reanimate the para-
lyzed face and a vascularized flap, such as an adi-
pofascial flap or muscle flap, to replace the tissue 
deficit in contour deformity [1, 2].

Adversely, a functional muscle flap for 
dynamic smile reconstruction can itself generate 
a contour deformity, such as bulkiness. To avoid 
this situation, insetting a functional muscle flap 
with adequate size and thickness in the cheek is 
desired. Primary debulking of the muscle seg-
ment and/or adipose tissue in the cheek pocket 
can be performed intraoperatively when exces-
sive bulkiness is anticipated. Secondary revision 
by debulking of cheek fat or an implanted muscle 
segment is also a viable solution to this problem.

29.2  Surgical Considerations 
for Simultaneous 
Reconstruction of Complex 
Facial Paralysis

29.2.1  Chimeric Flap Design 
Combining a Functional 
Muscle Segment 
with Vascularized Tissue 
for Contour Correction

Usually, the location requiring contour correction 
is different from that of optimal inset of a func-
tional muscle flap for smile reconstruction. 
Therefore, two flaps that can be inset with spatial 
independence are usually required. Ideally, two 
flaps share the donor incision and should leave 
minimal donor morbidity. A chimeric flap in 
which a functional muscle segment for smile 
reconstruction and additional vascularized tissue 
for contour correction are combined with a com-
mon pedicle is an excellent option for reconstruc-
tion of complex defects [3] (Fig. 29.1). Use of the 
chimeric flap enables obtaining different tissue 
flap types from a common donor site. This eco-
nomic use of donor site tissue can reduce donor 
site morbidity. Moreover, as both flaps are con-
nected with a common pedicle in the chimeric 
flap, only one recipient vessel is needed 
(Fig. 29.2).

Fig. 29.1 Intraoperative image of the inset chimeric flap. 
A functional latissimus dorsi muscle flap and an adipofas-
cial flap in retromandibular region are inset independently 
into locations as required

G.-H. Mun and K.-T. Lee



313

To obtain adequate mobility of flap compo-
nents for inset at the appropriate position, the chi-
meric flap should have sufficient pedicle length 
for each flap from the confluence point of the 
pedicles as well as from the common pedicle [4] 
(Fig.  29.3). This can be achieved with detailed 
preoperative planning with regard to perforator 
anatomy and course in the main pedicle, and by 
meticulous intramuscular dissection of the perfo-
rator pedicle.

However, harvesting a chimeric flap is not 
possible in every situation. When location of the 
contour deformity is far from the inset position of 
a functional muscle flap or when adequately 
sized perforators are not identified near the func-
tional muscle flap to be harvested, reconstruction 
with the chimeric flap is not possible. In such 
cases, two separate flaps for each pedicle can be 
used: one functional muscle flap for smile recon-
struction and another flap for contour deformity 
correction (Fig.  29.4). Spatial freedom while 
insetting the separate flaps can be acquired. 
However, the need for two recipient vessels is a 
limitation of the two flap method.

29.2.2  Tissue Component 
for Contour Deformity 
Correction

Various kinds of additional tissue flaps can be 
used for reconstruction of a contour deformity, 
including adipofascial, adipose, dermal-adipose, 
or segmental muscle flaps. Of those options, an 
adipofascial/adipose flap is highly favored over 
the muscle segment flap as the former shows bet-
ter retention of flap volume and less atrophy dur-
ing the postoperative period. Moreover, 
considering that a facial contour deformity usu-

Fig. 29.2 Appearance of a harvested chimeric flap. A 
thoracodorsal artery perforator flap-chimeric functional 
latissimus dorsi muscle flap with a long thoracodorsal 
nerve stalk is harvested. The flap has Y-shaped pedicle 
configuration composed of common pedicle and pedicles 
for each flap component, which facilitate independent 
inset of each flap component

Fig. 29.3 Intraoperative photos of flap harvesting. A tho-
racodorsal artery perforator flap is designed and elevated 
based on sizable perforators that were targeted preopera-
tively. Meticulous intramuscular dissection proceeds to 
the main branch of the thoracodorsal artery, which is usu-
ally the descending branch. The branch is dissected to fol-
low its course in a proximal-to-distal direction for 
sufficient distance to flap inset, and a muscle segment is 
harvested. Dissection of common pedicle and a thora-
codorsal nerve proceeded as usual

Fig. 29.4 When the anatomy is not suitable for harvest-
ing a chimeric flap, elevating two separate flaps with each 
pedicle can be considered. A functional latissimus dorsi 
muscle flap for dynamic reconstruction (above) and a tho-
racodorsal artery perforator for contour correction (below) 
are harvested
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ally results from atrophy or deficits of subcutane-
ous fat tissue, the adipofascial flap can provide 
tissue with texture and firmness similar to that of 
the original. When reconstructing a contour 
deformity with an adipofascial flap, the flap 
needs to be designed and harvested to have a 
slightly larger size and volume than required in 
the recipient site, as the flap volume may shrink 
over time.

Tissue deficits in facial contour deformities 
vary widely in depth and size, even in a single 
contiguous defect. Therefore, the adipofascial 
flap may need to be designed in a stereoscopic 
fashion with varying thickness according to the 
defect to achieve fine outcomes of contour resto-
ration [5]. Considering the extent of tissue  deficits 
in the recipient site, the thickness of an adipofas-
cial flap can be adjusted by controlling the thick-
ness of the adipose tissue and/or including other 
kinds of tissue, such as dermis. This stereoscopic 
designing of an adipofascial flap can reduce 
donor morbidity by minimizing harvesting of 
unnecessary tissue from the donor site.

A small ellipse of skin paddle can be attached 
to an adipofascial flap for convenient monitoring 
of flap circulation. This monitoring skin paddle 
can be removed after determining that flap circu-
lation has been stabilized. In cases lacking suit-
able nearby perforators to nourish adipofascial/
adipose tissue, a separate muscle segment can be 
harvested for contour correction in addition to a 
functional muscle segment for smile reconstruc-
tion. In this case, significant volume atrophy and 
increased donor site morbidity should be 
anticipated.

29.2.3  Donor Sites

Several body regions can be candidates for har-
vesting two kinds of flaps for simultaneous 
reconstruction of facial palsy and facial contour 
deformity. Popular donor sites for harvesting 
functional muscle flaps are the medial thigh 
region for a gracilis muscle flap, back region for 
a latissimus dorsi muscle flap, and anterior chest 
for pectoralis minor muscle. Thus, these regions 
can be primarily considered for harvesting a chi-

meric flap with a functional muscle segment and 
an adipofascial flap component.

A functioning gracilis muscle has been con-
sidered a main option for dynamic smile recon-
struction [6]. Cross-facial nerve grafting followed 
by a chimeric flap incorporating a functional 
gracilis muscle and an adipofascial flap can be 
performed. There has been a concern about reli-
ability of perfusion in the skin paddle overlying 
the muscle. However, with refinement of surgical 
technique and understanding of perforator anat-
omy, outcomes have steadily improved. Chuang 
et al. presented outcomes of reconstruction using 
a free proximal gracilis muscle and skin paddle 
compound flap transplantation in eight patients 
with complex facial paralysis including com-
bined facial paralysis and contour deformity [2]. 
After performing a cross-facial nerve graft, a chi-
meric flap consisting of the functional proximal 
muscle flap and the overlying skin paddle that is 
nourished by septocutaneous or musculocutane-
ous perforators is transferred. Satisfactory out-
comes both aesthetically and functionally were 
observed in the majority of patients, showing 
reliability of this method for simultaneous recon-
struction of facial paralysis and contour defor-
mity. Subsequently, Lykoudis et  al. reported 
excellent outcomes in complex facial paralysis 
reconstruction by adopting a similar technique 
with the use of a medial circumflex femoral 
artery perforator-chimeric functional gracilis 
muscle flap following cross-facial nerve grafting. 
In their series, a single musculocutaneous perfo-
rator was skeletonized over the gracilis muscle 
flap, not preserving the intermuscular septum as 
reported by Chuang et  al., thereby increasing 
freedom in insetting the adipofascial flap [7].

Since its introduction in the late 1990s [8], use 
of the latissimus dorsi muscle has emerged as an 
important option for dynamic smile reconstruc-
tion. This allows for one-staged reconstruction 
by co-harvesting a long thoracodorsal nerve stalk 
within the flap and can achieve reliable and 
acceptable outcomes, showing a spontaneous and 
synchronous smile with low donor morbidity. 
With regard to harvesting a chimeric flap for 
simultaneous reconstruction of facial palsy and 
contour deformity, the latissimus dorsi muscle 
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has enormous advantages [1]. Several sizable 
perforators that can be the source vessel for the 
adipofascial component are distributed in the 
back [9]. The multiplicity of perforators can pro-
vide versatility in designing adipofascial flaps 
(Fig. 29.5). Occasional difficulty in finding reli-
able perforators due to relatively variable perfo-
rator anatomy and tedious perforator dissection 
has been considered the main drawbacks of tho-
racodorsal artery perforator flaps. However, this 
can be overcome with detailed planning using 
preoperative computed tomography angiography, 

intraoperative perforator mapping with Doppler, 
and meticulous surgical technique. Another 
strength of this donor site is that sufficient pedi-
cle length for both components in the chimeric 
flap can be easily obtained, which can enable 
efficient placement of each flap component with-
out risk of pedicle tethering. Perforators derived 
from a different major branch of the thoracodor-
sal vessel are usually favored for a flap pedicle to 
obtain sufficient spatial freedom during flap 
insetting (Figs. 29.6 and 29.7). Surgeons should 
be able to adapt to intraoperative anatomy of siz-
able perforators in the surgical field. In cases with 
lack of sizable perforators from the descending 
and transverse branches of thoracodorsal vessels, 
for instance, perforators derived from other 
branches, such as the branch to the serratus ante-
rior muscle, can be identified and captured as a 
pedicle for the adipofascial flap. In addition, the 
back region is very generous when harvesting a 
large adipofascial flap. For flaps with widths up 
to 12 cm, all donor sites can allow for primary 
closure without difficulty. With regard to donor 
site morbidity, harvesting a thoracodorsal artery 
perforator-chimeric latissimus dorsi muscle flap 
is safe and leaves as little dysfunction in the 
shoulder joint as harvesting a simple thoracodor-
sal artery perforator flap [10].

Fig. 29.5 A chimeric flap design for simultaneous recon-
struction of complex facial palsy. A thoracodorsal artery 
perforator adipofascial flap-chimeric functional latissimus 
dorsi muscle flap is designed

Fig. 29.6 A 62-year-old man presented with left hemifa-
cial paralysis following ablative surgery for treating the 
parotid gland tumor. He developed a focal depression con-
tour deformity on left retromandibular area due to onco-
logic resection and adjuvant radiotherapy. (Left) Lateral 
view of preoperative appearance (Center) He was treated 

with a thoracodorsal artery perforator adipofascial- 
chimeric functional latissimus dorsi muscle transfer. 
Intraoperative image of the inset chimeric flap. (Right) At 
postoperative 55 months, the depression deformity of his 
retromandibular area resolved and symmetric contour was 
observed
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29.3  Secondary Revision

Secondary revision can be considered to improve 
outcomes of facial contour correction when indi-
cated. Fat grafting or liposuction can be a good 
option for correcting a minor residual contour 
deformity following vascularized tissue transfer, 
and can be combined with revision for reanima-
tion. Judicious practical planning of the degree 
and extent of initial contour correction surgery 
may be desired, as subsequent secondary revision 
can effectively resolve remaining problems and 
enhance the aesthetic results.

Financial Disclosure None.
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30.1  Introduction

Facial nerve dysfunction can be encountered fol-
lowing e.g., trauma, infection or malignancy. The 
most common cause of a resolving facial palsy is 
Bell’s Palsy; in fact a diagnosis of exclusion fol-
lowing thorough evaluation of other treatable 
causes. Facial nerve dysfunction is characterized 
by several abnormal hypo- and/or hyperactive 
nerve responses that result in different asymmet-
ric phenotypic phenomena, in animation and/or 
repose. Common dysfunctional facial nerve 
responses include hemifacial spasms and synki-
nesis. Synkinesis should be distinguished from 
hemifacial spasm. Compared to synkinesis, 
hyperspasm is a chronic, non-resolving disease 
of the facial nerve characterized by mass contrac-
tion of the entire hemiface, rather than distinct 
muscle groups. Up to 30% of patients with Bell’s 
palsy experience synkinesis and about 6% expe-
rience severe symptoms, either unresponsive to 
Botox or recurring after surgical treatment. These 
can involve a single nerve branch, a combination 
of nerve branches or the entire hemiface.

Synkinesis, derived from the Greek words 
“syn” (meaning “together with”) and “kinesis” 
(meaning “movement”), is a complex phenome-
non characterized by spontaneous co-contraction 
of unwanted muscle groups, unrelated to a 
desired movement. It is a relatively common 
post-palsy sequalae believed to occur due to an 
aberrant regenerative pathway of nerve axons in 

E. O. F. Dimovska (*) · D. Jensson 
Department of Plastic and Maxillofacial Surgery, 
Uppsala University Hospital, Uppsala, Sweden
e-mail: david.jensson@akademiska.se

30

Key Points
• Severe or refractory hyperspastic condi-

tions such as synkinesis can benefit 
from surgical intervention to treat result-
ing asymmetries.

• Myectomies are commonly performed 
for lower lip asymmetries, but are gain-
ing popularity for synkinesis of the eye-
lids and neck.

• Neurectomies can be used separately or 
in combination with myectomies to 
ensure surgical success and prevent 
recurrence of symptoms.

• Selective neurectomies have been devel-
oped in order to target-specific synki-
netic muscles.

• Botulinum toxin continues to play an 
important role as a primary treatment 
option and can also form an adjunct to 
surgical patients with recurrent 
symptoms.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50784-8_30&domain=pdf
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a resolving facial palsy. However, the occurrence 
is a sign of poor chance to full facial nerve recov-
ery. A damaged axon will sprout in its attempt to 
regrow and in doing so potentially risk innervat-
ing several different facial muscles as it grows 
down different endoneurial tubules. For exam-
ple, axons that originally innervated the zygo-
maticus major muscle choose a different 
regenerating pathway and end up innervating the 
orbicularis oculi muscle instead. This then gives 
rise to involuntary unintended contractions of 
the eye during an attempted smile. Chuang et al. 
define the process of synkinesis as a co-contrac-
tion between a triggering muscle and a synki-
netic muscle [1]. Beurskens et al. found the most 
common combination of these to be the oral-
ocular synkinesis, where a voluntary oral action 
such as a smile or puckering of the lips results in 
a synkinetic ocular action e.g., contraction of the 
orbicularis occuli and closure of the eye [2]. A 
voluntary smile could be also coupled with syn-
kinetic spasms of mentalis and/or platysma, 
occasionally leading to a frozen appearance with 
no elevation of the commissure possible due to 
the two muscles are working synchronously and 
antagonistically.

Indications for surgical treatment are severe, 
unresponsive or refractory synkinesis. 
Functionally, these severe situations can lead to 
inability to communicate (loss of normal facial 
expressions) and even pain due to severe and 
chronic spasms. Aesthetically, ageing can occur 
asymmetrically. The chronic spasms are said to 
lead to slower ageing signs on the skin due to 
constant tonicity and less facial soft tissue descent 
[3]. The affected flaccid side of the face has more 
soft tissue laxity and thus patients on occasion 
seek rejuvenation treatments for this reason. 
Psychological, facial palsy and is post-paralytic 
sequalae can lead to massive repercussions on 
quality of life. Bell’s palsy commonly occurs in 
younger/middle-aged patients, resulting in the 
risk for many years of lost quality of life.

30.2  Upper Zone of the Face

30.2.1 Forehead and Eyebrows

30.2.1.1  Anatomy
The forehead and Eyebrows are controlled by 
several muscle groups [4]. Elevation of the eye-
brows, and thereby wrinkling of the forehead, is 
actioned by a co-contraction of the frontalis and 
occipitalis, joined through the galea apponeu-
rotica. The antagonist group of muscles in charge 
of depression of the brows and forehead, thereby 
frowning are the corrugator supercilii, depressor 
supercilii, procerus, and the medial part of the 
orbicularis occuli. The nervous supply of the 
frontalis is singlehandedly supplied by the frontal 
branch. The nervous supply of the depressor is 
more complex. The corrugator supercilii is in fact 
supplied by the frontal branch to its transverse 
head and a zygomatico-buccal branch to its 
oblique head [5]. The temporal branch enters the 
muscle from its superolateral portion. The 
zygomatico- buccal branch courses from the 
medial canthus to firstly supply procerus from its 
inferomedial aspect and then continue cephalad 
to supply corrugator inferiorly form its superfi-
cial aspect [6].

An important aspect to note and be aware of, 
particularly during endoscopic procedures in this 
region, is the relationship of the supraorbital 
nerve to the corrugator supercilii. The anatomy of 
the supratrochlear nerve is more familiar as it is 
known to exit just lateral to the origin of the cor-
rugator, enter the muscle and within it divide in to 
several branches before moving more cephalad to 
enter the frontalis and finally penetrate it to 
become more superficial. Before division, the 
common stem exits through the supraorbital 
notch, but in about 10% exits through a foramen 
that could be located up to 1.5 cm superior to the 
orbital rim. Immediately after exiting the orbit, 
the corrugator divides into a superficial and deep 
portion. This branching pattern of the supraor-
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bital nerve was studied in detail by Janis et al. and 
found to have several branching patterns and 
relationships to the corrugator [7]. In a cadaveric 
study the authors found 40% of specimens to 
have only the deep division to run on the under-
surface of the corrugator, with no branches of 
from the superficial division. 34% of specimens 
had branches from both the superficial and deep 
divisions within the muscle. 4% had a few divi-
sions of the superficial division only and no 
branches from the deep division. 22% had all 
branches from the superficial division occur 
cephalad to, and fully away from, the corrugator.

30.2.1.2  Evaluation
Hypoactive dysfunction affecting the frontal 
branch of the facial nerve, results in patients pre-
senting with complete paralysis of the ipsilateral 
forehead and eyebrow due to both depressors and 
elevators being affected. Asymmetry is in part 
caused by this unilateral flaccidity, however, it is 
often exaggerated by compensatory hyperactivity 
on the non-affected site. The forehead or eye-
brows can also be involved in a synkinetic dys-
function. Hyperactivity of the frontalis will result 
in horizontal rhytides. Horizontal rhytides in the 
glabellar region are due to hyperactivity of the 
procerus, whereas vertical rhytides are due to 
corrugator supercilii hyperactivity. The corruga-
tor in combination with the orbicularis are often 
involved in an oro-ocular synkinesis. The fore-
head can also occasionally be involved where 
voluntary lip action produces a brow lift.

30.2.1.3  Surgical Management
The presence of facial asymmetry from synkyne-
sis, hypoactivity, or contralateral compensatory 
hyperactivity can all be treated surgically with 
single or a combination of procedures. Flaccid 
paralysis of the forehead and eyebrow is com-
monly treated with a browlift. Techniques are 
varied and include direct excision lift, open lift 
via a limited hairline incision, open lift via a cor-
onal incision or endoscopic. The chosen tech-
nique depends on the severity of brow ptosis, 

location, and depth/severity of rhytides. A unilat-
eral asymmetry would commonly be treated with 
more limited and less morbid procedure, such as 
the direct browlift or a limited open approach. 
When performed for aesthetic indications, it is 
imperative that the most powerful of depressor 
muscles, the corrugator, is completely transected 
in the procedure. This is indeed true in paralytic 
indications as well, especially since the corruga-
tor has double innervation from both the zygo-
matic and temporal nerve branches, and thus 
could still activate and thus create further asym-
metry. In addition, the orbital ligament can be 
divided to achieve maximal elevation.

In cases of non-flaccid paralysis, i.e., spasmic 
contractions in synkinesis or contralateral com-
pensatory hyperactivity, the focus is firstly on 
deactivating the spasmic muscles. This can be 
done either through a myectomy or neurectomy, 
or in some cases both. It is often combined with a 
browlift in order to obtain a satisfactory static 
position of the eyebrow. This combination of 
techniques can be performed open, but since the 
endoscopic technique was introduced by Isse in 
1992, it is often preferred [8]. In a study compar-
ing the different surgical exposures, the endo-
scopic technique was found superior in 
visualizing the depressor complex and thus 
achieving complete resection of both the oblique 
and transverse heads of the corrugator, as well 
the procerus and depressor supercilii [5]. In addi-
tion to the myectomy and browlift, a neurectomy 
can performed to further limit the risk of recur-
rence. This has also been shown to be more pre-
cise and less morbid in endoscopic versus open 
techniques, since it enables direct visualization of 
the nerve branches and muscle fibers through 
minimum access.

The access through the endoscopic technique 
normally requires three incisions, one central and 
two temporal, but this can be altered depending 
on the surgical goals. The access points are com-
monly made in the hairline, but this risks alope-
cia. In a modification of the technique, Vasconez 
et al. advocate the use of “pre-hairline” incisions 
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with excellent healing and limited scarring due to 
hiding the scar in present rhytids [9]. Following 
blunt subperiostal dissection with an elevator 
through the central access to about mid-forehead, 
the endoscopic camera is advanced. A dissector 
and grasper is introduced through the temporal 
access points. Advancement is made beneath the 
temporo-parietal fascia to about 1 cm superior to 
the zygomatic arch and medially to the temporal 
crest. At the temporal crest, the periosteum is 
incised and elevated and the temporal and central 
access points meet. The lower point of this dis-
section reaches the zygomatico-frontal suture, 
the lateral orbital rim and the presence of the sen-
tinel vein [10]. This forms an important land-
mark, as the branching of the frontotemporal 
facial nerve occurs about 2–9 mm cephalad to it 
[11]. Once the connection between the temporal 
and central access points has been made and the 
supraorbital nerve is identified. This is done from 
lateral to medial. The periosteum is then incised 
from the lateral orbital rim and across the supra-
orbital rim. This fully exposes the depressor com-
plex and enables transection. It is important not 
to resect portions of the corrugator as this would 
not only risk nerve injury, but also risk a visible 
concave contour deformity in the eyebrow area. 
Transection of the corrugator is preferably done 
both at its medial origin and lateral insertion [5]. 
At this point, a selective neurectomy can also be 
performed. The temporal branch to the corruga-
tor can be found entering the muscle form its lat-
eral and superficial aspect. A zygomatico-buccal 
branch can be found on the inferior and medial 
aspect of the corrugator. Procerus is also inner-
vated by this nerve on its distal aspect, and can be 
included in the neurectomy.

30.2.2  The Eye

30.2.2.1  Anatomy
The orbicularis occuli is the prime constrictor of 
the eyelids. It is composed of different muscular 
regions; an inner-most pre-tarsal component is 
surrounded by pre-septal and finally orbital mus-
cular fibers. The pre-tarsal orbicularis is involved 
in providing lower lid tone, involuntary blinking 

and lacrimal gland pumping mechanism. The 
pre-septal fibers assist with blinking. The outer- 
most orbicularis fibers are in charge of forceful 
eyelid closure, animated eyelid movements and 
also provide depression of the most lateral and 
medial aspect of the eyebrow. The orbicularis 
interdigitates with the frontalis muscle and the 
corrugator supercilii. The nerve supply comes 
from a dense interconnecting plexus from the 
temporal, zygomatic, and buccal facial nerve 
branches, which reach the orbicularis from its 
inferior surface [12].

30.2.2.2  Evaluation
Ocular synkinesis is the most common form of 
facial synkinesis. Myectomy or neurectomy pro-
cedures have not become mainstream treatment 
options in most centers and the majority of 
patients are treated with botulinum toxin injec-
tions and physiotherapy. In selective cases, 
refractory synkinesis despite botulinum toxin 
injections or severe synkinesis, surgical interven-
tion with myectomy or neurectomy can to be a 
suitable treatment option. As with all patients 
planed for myectomy or neurectomy procedure, 
patient selection is crucial. Involuntary eye clo-
sure can be observed as strong to very strong in 
patients with severe synkinesis. This is however 
not necessarily the case during voluntary eye clo-
sure. Myectomy on a patient with strong synkine-
sis with weak voluntary closure can result in 
postoperative lagopthalmus and the strength of 
the voluntary eye closure should therefore be 
thoroughly examined and discussed with the 
patient.

30.2.2.3  Surgical Management
Myectomy of the orbicularis oculi muscle is a rare 
procedure and better known in spasmatic condi-
tions resulting in blepharospasm. Rarely, it can 
also be performed for aesthetic indications, pri-
marily in cases of upper eyelid-fold disparities 
and mild lid ptosis. Blepharospasm can involve 
more or less of the periocular musculature, from 
the orbicularis to the entire eyebrow depressor 
complex. Myectomies and neurectomies as single 
or combined procedures have been described for 
the treatment of periocular spasmic conditions.
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Myectomy
Several different techniques have been described 
with resection of different parts of the orbicularis, 
depending on the surgical goals and the area of 
spasm one wishes to relieve. Both upper lid and 
lower lid myectomies have been described. In 
addition, both peripheral and more central orbicu-
laris fibers have been targeted for myectomies. 
The exact part of the orbicularis involved in the 
post-palsy synkinesis has not been described, but 
is believed to originate in the pre-septal portion of 
the orbicularis [13]. In surgical procedures aiming 
for myectomy-only relief of spasm, resection of 
the upper or lower lid pre-septal orbicularis (or on 
occasion both), managed to relieve the patient of 
periocular spasms without impairing eye closure. 
This procedure can be done through upper and 
lower blepharoplasty incision.

Neuromyectomy
In order to prevent recurrence of muscular tonic-
ity, a myectomy can be combined with a neurec-
tomy. Yoshioka described the processes of 
simultaneously excising muscle and nerve, en- 
bloc [14]. With this technique, a portion of the 
peripheral orbicularis in the lower lid is excised. 
A subciliary access exposes the undersurface of 
the muscle, as the access proceeds submuscularly 
to dissect the muscle off the orbital septum until 
the peripheral margin of the orbicularis is reached. 
At this point, a nerve stimulator is used to identify 
the temporo-zygomatico nerves one wish to elim-
inate. An approximately 1-cm-wide strip of orbi-
cularis with accompanying nerves is then resected 
from its most lateral aspect going medially, in 
order to protect the angular vessels and the medial 
nerve branches going to the medial orbicularis, 
procerus and corrugator. During closure the mus-
cle-skin flap is trimmed and sutured to the perios-
teum of the lateral orbital rim.

30.2.3  Selective Neurectomy

In hyperkinesis, specific to the glabellar and 
medial eyebrow portion, selective neurectomy 

can be performed to the zygomatico-buccal 
branch innervating the procerus, medial orbicu-
laris occuli and medial portion of the corrugator. 
Nemoto et  al. describe a triangular area in the 
inferomedial aspect of the peri-orbital area, out-
lined medially by the levator labii superioris alae-
que nasi, laterally by the zygomaticus minor and 
superiorly by the inferior margin of the orbicu-
laris occuli. The superficial and deep buccal 
branches are identified traversing superficial to 
the levator labii superioris, which forms the floor 
of the triangle. The superficial buccal branches 
can at this point be specifically transected to tar-
get the medial ocular and partially also eyebrow 
synkinesis. The deep branches can be transected 
to partially target the orbicularis.

When desiring a selective neurectomy to the 
larger portion of the orbicularis, the branches 
could be identified via an open face-lift approach, 
identified with a nerve stimulator, and resected. 
This approach can be effective, but unpredict-
able. Hohman et al. described an advanced tech-
nique of this selective neurectomy, using a 
two-stage approach [15]. A primary exploratory 
operative procedure under general anesthesia 
identifies the nerve fibers, which in a secondary 
procedure with the patient awake are sequentially 
divided to achieve the desired deneurotization. 
The operative procedure is performed via open 
access. The approach follows the subSMAS face- 
lift plane past the anterior border of the parotic 
gland. At this point, the branches to the orbicu-
laris oculi are identified using a nerve stimulator. 
The nerve branches to the lateral and lower part 
of the orbicularis oculi are dissected and secured 
with vessel loupes and pulled out through stab 
incisions in the skin. The neurectomy is then per-
formed in the outpatient clinic, giving the sur-
geon better control during the nerve resection 
while observing the synkinetic relieve on the 
patient. Van Veen et al. reviewed the outcomes of 
this procedure and unfortunately found synkine-
sis to return after a short period of regression. 
However, they did found previous botox non- 
responders to become sensitive to the treatment 
again [15].
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30.3  Lower Zone of the Face

30.3.1  Lower Lip

30.3.1.1  Anatomy
The lower lip musculature is organized in layers 
and composed of several important lip depressors. 
The depressor anguli oris (DAO) is the most super-
ficial muscle originating from the parasympheseal 
area of the mandible and inserting into the modio-
ulus of the lip. It also has musculofibrous attach-
ments to the nasolabial fold, emphasizing its 
depth. The depressor labii inferioris (DLI) muscle 
takes origin from the parasympheseal area deep to 
the DAO and just inferior to the mental foramen. 
Its muscle fibers are orientated cranially and medi-
ally, fuse with the fibers of the orbicularis oris and 
inserts into the subcutaneous area of the lower lip 
vermillion. The mental nerve fibers are found deep 
to the surface of the DLI. The nerve supply to the 
depressor complex of the tower lip (DLI, DAO and 
to a lesser degree platysma and mentalis) is by the 
marginal mandibular branch of the facial nerve. 
The mentalis muscle is also considered a weak 
depressor, but also raises the lower lip and the skin 
of the chin and causing protrusion. The orbicularis 
oris acts as the antagonist muscle, and is inner-
vated by the buccal branch of the facial nerve.

30.3.2  Evaluation

30.3.2.1  Marginal Mandibular Lip 
Deformity

Unilateral paralysis of the marginal mandibular 
branch results in lower lip asymmetry character-
ized by a unilateral inability to depress, evert, and 
lateralize the lower lip. This creates a lower lip 
asymmetry in both animation and repose as there is 
a visible ipsilateral elevated appearance of the lip 
on the affected side, with impaired smiling and a 
lack of exposed teeth. In some cases, compensatory 
hyperactivity of the contraleral lower lip depressors 
can occur in response to the flaccid paralysis on the 
affected side, further worsening the asymmetry. 
This can be observed in repose, but also during 
facial animation in sadness, anger or while speak-
ing and eating. A myectomy or neurectomy of the 

contralateral functioning depressor labii muscle 
aims to restore balance to the lower lip by decreas-
ing the downward pull on the lip on the non-
affected side. Depressor labii inferioris (DLI) 
myectomy is typically done under local anesthesia 
in the outpatient clinic and is arguably one of the 
more commonly performed myectomy procedures 
in patients with facial paralysis. Likewise, a myec-
tomy of the depressor anguli oris can be performed 
to augment oral commissure elevation.

30.3.3  Surgical Management

30.3.3.1  Myectomy of the Lower Lip 
Depressors

Pre-operatively the DLI and the DAO muscles 
are marked on the patients’ skin. Palpation of 
their borders are facilitated by asking the patient 
to depress and evert the lower lip (showing their 
teeth). Following a mental nerve block, one or 
two sutures are placed through the lower lip for 
traction and eversion. A mucosal incision is made 
about 0.5 cm above the buccal sulcus and a gentle 
dissection exposes the mental nerve branches. 
The nerve branches are protected by vessel loops 
and retracted to the side. The DLI is identified by 
the direction of the muscle fibers, which are 
oblique to the orbicularis oris muscle [16]. The 
medial and lateral boarders of the muscle are dis-
sected in order to delineate the extent if its width. 
A central horizontal portion of the muscle is then 
resected, rather than simply transected, prefera-
bly from mid-length of the muscle. The same is 
performed with the DAO. Patients receiving pre- 
operative chemodenervation to the DLI can prac-
tice their operative results and thus limit 
unexpected outcomes. Alternatively, local anes-
thetic can be injected in to the muscle preopera-
tively, inducing a short trial paralysis. The 
recurrence rate of the depressor function after 
myectomy has been reported as high as 30% and 
patients occasionally require reresection of the 
muscle. Fatty tissue surrounding the depressor 
muscles can make the border of the muscle hard 
to outline. Locating the boarders of the muscle is 
thus crucial to ensure complete resection. 
Performing a resection of a strip of muscle of at 
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least 1 cm, rather than a simple transection is pre-
ferred to prevent inadequate results.

Case 1. Lower Lip Myectomy (Figs. A–F)
Intraoperative photos showing the surgical 
sequence. Outline of the lower lip depressors (A). 

Incise the mucosa and continue the intra-oral dis-
section until the mental nerve is reached, nor-
mally positioned anterior to the first pre-molar 
tooth. Protect the nerve with vessel loops (B). 
Resect the DLI and DAO (C). Wound closure 
with Vicryl (D).

f
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A 65  years-old woman with right-sided mar-
ginal mandibular nerve palsy after mandible recon-
struction with free fibula flap for a right- sided 
mandibular osteoradionecrosis, before left lower 
lip depressors myectomy (E) and after myectomy 
(F), showing better position of the lower lip with-
out exposure of the lower teeth in full smile.

30.3.3.2  Selective Marginal 
Mandibular Neurectomy

Selective marginal mandibular branch neurec-
tomy has shown good results. The surgery is 
however more time consuming and technically 
complex. In cases where cross facial nerve graft 
is planned, selective neurectomy might be a good 
treatment option, addressing the lower lip asym-
metry in an selective group of patients undergo-
ing smile reconstruction.

The operative procedure is similar to the 
myectomy. The depressor muscles are identified 
preoperatively and marked on the patient’s skin. 
The incision is through an extended preauricular 
incision allowing good visual access. Using a 
nerve stimulator, nerve branches to the Depressor 
Labii Inferioris muscle (alternatively also the 
Depressor Anguli Oris muscle) are identified. 
Through micro dissection the nerves are then 
selectively resected with 2  cm segments. Only 
branches innervating the lower lip depressors are 
resected thus minimizing the risk of denervation 
of the Orbicularis Oris muscle and potential sub-
sequent oral incontinence.

30.4  Neck

30.4.1  Anatomy

The platysma originates from the fascia of the 
pectoralis and deltoid muscles and runs cephalad 
and medially to end in a broad insertion on the 
mandible, skin, and subcutaneous tissue of the 
lower face and muscles around the corner of the 
mouth and lower lip [17]. It has an antagonistic 
action to the zygomaticus major muscle, in that it 
is a week lower lip depressor. Therefore, involun-
tary contraction in the muscle can exaggerate a 
“frozen smile” appearance in patients with partial 

paralysis. The platysma is innervated by the cer-
vical branch of the facial nerve distally, and gets 
co-innervation by the marginal mandibular nerve 
proximally [18]. The marginal mandibular and 
the cervical branch arise from the lower division 
of the facial nerve. Their common branch runs 
posterior to the ramus of the mandible before 
dividing. The division point can be reliably 
located at approximately 1 cm below a perpen-
dicular line from the angle of the mandible to a 
line drawn from the mentum to the mastoid pro-
cess with the neck extended and the head turned 
to the contralateral side. The nerve then curves to 
run parallel, 3–4 cm caudal to the mandible, deep 
to the platysma muscle and at the level of the 
hyoid fans out into its terminal branches.

30.4.2  Evaluation

Synkinesis between the facial muscles and the 
platysma is a frequent observation in patients 
with facial synkinesis. Involuntary chronic mus-
cle contraction and subsequent hypertrophy of 
the platysma muscle is often accompanied with a 
feeling of tightness or pain in the neck and the 
lower face. Beurskens et al. found the platysma to 
be a common synkinetic muscle in all facial 
movements, both ocular and oral [2]. The patient 
examination is pertinent to deciding the manage-
ment required patients with abundant subcutane-
ous fatty tissue will have less prominent platysmal 
bands shown from hyperkinetic muscle action, 
but could have much pain from the condition. 
Similarly, the botox treatment could be less effec-
tive in necks with much adiposity, thus surgical 
options could provide better relief.

30.4.3  Surgical Management

30.4.3.1  Platysmectomy
Preoperatively, the patient is asked to provoke the 
platysmal synkinesis in order to delineate the 
border of the platysma and its contracted bands, 
which are marked. The access line is marked in 
an existing neck crease on the mid portion of the 
muscle belly. The incision goes down to the 
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superficial fascia of the platysma muscle. The 
dissection is extended in this plane, raising skin 
flaps to expose the whole width of the muscle. 
The muscle is then penetrated and the deep plane 
is developed. The myectomy is then performed 
removing 2–3 cm segments of the length of the 
muscle from the medial to lateral border. If the 
operation is done under local anesthesia, the 
patient can then be asked to provoke the platys-
mal synkinesis and the discontinuation of the 
muscle can be assessed. The skin is then closed in 
a standard manner. Postoperative results have 
shown significant improvements in tension, 
spams and pain both in the neck and facial region 
[19]. Loss of platysma function is well tolerated 
by patients and the scar is usually well hidden 
within a natural neck crease.

30.4.3.2  Neurectomy of the Cervical 
Branch

Neurectomy of the cervical branch is an interest-
ing treatment option for patients with platysmal 
synkinesis. Anatomical studies have offered 
landmarks for accurately locating the cervical 
branch and introduced its potential in reconstruc-
tive and esthetic surgery [18]. The skin incision 
can be made 4 cm caudal and parallel to the man-
dible. The platysma is then penetrated and the 
submuscular plane is developed. Using a nerve 
stimulator, the cervical branch can be located. 
The ascending branch innervating the facial por-
tion of the platysma muscle can be resected or 
spared dependent on the patient symptoms. A 
neurectomy can be combined with a platysmec-
tomy, and the surgical procedure is similar.

Case 2 Combined Platysmectomy and Neurectomy of the Cervical Branch (Figs. A–F)

a b c d
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Intraoperative picture showing the surgical 
sequence. Surgical markings demonstrating the 
platysma and facial nerve branches (A). 
Undermining of skin over platysma (B) followed 
by dissection of platysma and identification of 
platysma motor nerve i.e., the cervical branch 
(C). Platysma and nerve resected en-bloc (D).

Pre and postop appearance of a 49-year-old 
man with severe synkinesis of the right hemiface 
after Bell’s Palsy. Picture (E) demonstrates his 
appearance before having a combined neuromy-
ectomy of the platysma, and picture (F) after.
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31.1  Facial Synkinesia

Facial synkinesia is defined as involuntary move-
ments of facial muscles during the voluntary 
movement of a different facial muscle group [1]. 
Symmetrical facial synkinesia has no burden of 
disease as it occurs naturally during facial move-
ments. Pathological synkinetic movements are 
defined as asymmetrical movements with greater 
amplitude of motion on the affected side, that can 
be triggered by either voluntary facial move-
ments or the blink reflex [2].

The terminology for most types of facial syn-
kinesia involves the trigger movement and the 
synkinetic movement, for example “oculo-oral 
synkinesia” describes the synkinetic movement 
of the mouth during eyelid closure [3].

Synkinesia is a common and distressing 
sequela of facial paralysis, which affects 15–20% 
to more than 50% of patients, depending on the 
case series [4]. Moderate to severe synkinesias 
are present in 6,6% of patients with Bells Palsy at 
twelve months after onset of the paralysis [5]. 
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Key Points
• Synkinetic movements are involuntary 

movements during the voluntary move-
ment of a different muscle (group).

• Moderate to Severe Synkinesias are 
present in 6 to 7% of patients with Bells 
Palsy.

• Facial synkinesia occurs with voluntary 
facial movements but can also be associ-
ated with the blink reflex.

• There are two types of facial synkinesia: 
post-facial palsy synkinesia and post- 
facial reanimation synkinesia. The first 
occurs after spontaneous regeneration of 
the facial nerve and the second is a side 
effect of facial reanimation surgery.

• Treatment of facial synkinesia in facial 
palsy patients includes physiotherapy, 
denervation using Botulinum toxin 
injections, and surgical options like 
myectomy and selective denervation.
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Facial palsy patients described synkinetic move-
ments as one of the emotionally most straining 
sequelae of the paralysis. In  quality of life assess-
ments, synkinesia was found to impair social 
interaction and reduce the productivity of patients 
[6]. In severe cases, synkinesia can be associated 
with pain and spasms of facial muscles, and may 
cause contractions of facial muscles. In unilateral 
facial palsy, the movement on the healthy side of 
the face can be impaired as patients try to avoid 
synkinetic  movements by reducing their facial 
expression altogether [4].

31.2  Etiology of Synkinetic Facial 
Movements

The mechanisms leading to facial synkinesia in 
facial palsy patients are multifactorial and the 
pathophysiological mechanisms (Table 31.1) are 
still not fully established.

Generally, facial synkinesia can occur after 
spontaneous regeneration of facial nerve function 
(“postparalysis facial synkinesia”) and after 
facial reanimation surgery [7]. The incidence of 
facial synkinesia is higher after severe injuries to 
the facial nerve. The most widely recognized 
pathophysiological mechanism leading to facial 
synkinesia is aberrant nerve regeneration, where 
outgrowing axons of regenerating neurons inner-
vate new muscle targets, which were previously 
not innervated by them. This can be caused by 
collateral or terminal axonal sprouting [1].

A different mechanism leading to synkinetic 
movements is ephaptic transmission, which 
describes non-synaptic electrical transmission 
between two adjacent axons after injury of the 

myelin sheet. Experimental studies demonstrated 
that the somatotopic organization of the facial 
nucleus is disturbed after injury, which may con-
tribute to the development of synkinesia. The 
excitation level of the facial nucleus was found to 
be increased after regeneration of the facial 
nerve, which is thought to contribute to the devel-
opment of synkinesia [2].

31.3  Postparalysis and Post-facial 
Reanimation Synkinesia

Synkinetic facial movements can occur after 
spontaneous regeneration of facial nerve func-
tion, which is described as postparalysis synkine-
sia [7]. Facial synkinesia can also occur after 
surgical reanimation of the paralyzed face, which 
is termed postoperative or post-facial reanima-
tion synkinesia [4, 7].

The potential for spontaneous recovery of 
facial nerve function depends on the severity of 
facial nerve impairment and the underlying etiol-
ogy. In traumatic or iatrogenic cases where the 
proximal nerve stump is severe d, spontaneous 
recovery and thus the development of synkinetic 
movements cannot be expected. In idiopathic 
cases of facial palsy, recovery rates of 70–90% 
have been reported. In large case series of patients 
suffering from idiopathic facial palsy, 16% of 
patients subsequently developed moderate-to- 
severe sequelae like dyskinesia (blepharospasm 
and hemifacial spasm) and synkinesia. 
Spontaneous recovery rates of 89% were reported 
for infectious etiologies causing facial palsy. 
Fewer data is available on facial palsy due to 
traumatic or iatrogenic causes. Reported recov-
ery rates for traumatic etiologies were approxi-
mately 57%. About 30% of patients undergoing 
parotidectomies were found to develop postop-
erative facial palsy. The facial nerve function 
recovered completely in 68% of these patients 
within 6 months. Time to recovery indicated the 
severity of facial nerve injury. It was found that 
more severe facial nerve injuries result in higher 
incidences of facial synkinesia upon recovery 
[3]. Patients with idiopathic, traumatic, and infec-

Table 31.1 Pathophysiological mechanisms leading to 
facial synkinesia

Pathophysiological mechanisms of facial synkinesia
• Aberrant nerve regeneration.
• Increased excitability of the facial nucleus.
•  Alteration of the somatotopic organization of the 

facial nucleus.
•  Ephaptic, non-synaptic electrical transmission after 

injury to the myelin sheet.
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tious causes of facial palsy showed the highest 
percentage of postparalysis facial synkinesia of 
around 15% [4, 7]. The time until the onset of 
postparalysis facial synkinesia has been described 
to range from around 3.5 to 6 months [3].

There is very limited data available on the 
incidence of post-facial reanimation synkinesia, 
which can develop after dynamic reanimation of 
the paralyzed face. In a large series, around 50% 
of patients undergoing dynamic facial reanima-
tion developed mild-to-moderate facial synkine-
sia, while severe synkinesia was only reported in 
1% of cases [4]. The highest incidences of post- 
facial reanimation synkinesia were reported for 
territorially differentiated gracilis muscle trans-
plantation innervated by two cross-facial nerve 
grafts, which was attributed to the in some cases 
overlapping innervation of the two territories of 
the gracilis muscle, which are used to innervate 
the eye and mouth region, respectively. In cases 
where cross-face nerve grafts were used to inner-
vate the denervated facial muscles directly, 25% 
of patients developed postoperative facial synki-
nesia [4]. The time until post-facial reanimation 
synkinesia develops is not sufficiently explored. 
Onset times of approximately 12  months after 
facial reanimation have been reported, but onset 
times are expected to vary highly depending on 
the type of dynamic facial reanimation, the 
source of innervation and the regeneration 
distance.

31.4  Types of Facial Synkinesia 
and Associated Symptoms

The type of synkinesia is determined by the trig-
ger movement and the synkinetic movement 
(Table 31.2).

Any facial region can be affected by synkine-
sia (Fig. 31.1). Moran and Neely found that facial 
synkinesia occurs in a nonrandom pattern and 
some forms of synkinetic movements are found 
more frequently [2]. The most common type is 
the oculo-oral synkinesia, the involuntary move-
ment of the mouth during eyelid closure. 
VanSwearingen and Brach introduced the expres-

sion “multiway synkinesis,” which describes syn-
kinesia triggered by more than one voluntary 
facial movement [8]. There are also complex 
cases where more than one synkinetic muscle 
group is triggered during a voluntary movement.

Synkinetic movements have also been classi-
fied as synergistic and paradox types of move-
ments. Synergistic synkinetic movements 
resembled those of the healthy hemiface, whereas 
paradox synkinesia were movements in inappro-
priate directions [2]. The synkinetic movement is 
not necessarily reciprocal. Patients with oculo- 
oral synkinetic movements, where the mouth cor-
ner is raised during eyelid closure, are in most 
cases not affected by oro-ocular synkinesia, even 
though they can suffer from both types.

Rare forms include oculo-stapedial synkine-
sia, which describes a clicking sound during eye-
lid closure. Non-motor axons of the facial nerve 
can also be misdirected and lead to the gusto- 
lacrimal reflex, which is also describes as 
“crocodile- tears.” Rare cases of aberrant nerve 
regeneration connecting two different cranial 
nerves were reported. Examples include: synki-

Table 31.2 Types of facial synkinesia

Type of facial 
synkinesia Symptoms
Oculo-oral synkinesia Movement of the mouth 

during eyelid closure
Oro-ocular synkinesia Eyelid closure during 

movement of the mouth
Levator labii 
superioris synkinesia

Deepened nasolabial fold

Synkinesia of the 
frontalis muscle

Brow elevation, raised brow 
position at rest

Sykinesia of the 
depressors

Lower lip depression or 
reduced craniolateral smile 
excursion

Synkinesia of the 
mentalis muscle

Chin dimpling, lower lip 
depression

Synkinesia of the 
platysma

Platysmal cords

Blink reflex triggered 
synkinesia

Most commonly oral 
synkinesia during the blink 
reflex, but other muscle 
groups can also be affected

Multiway synkinesia More than one trigger 
movement for synkinetic 
movement
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a b

c d

Fig. 31.1 Photographs of a 47-year-old woman with 
right facial synkinesias after Bell’s palsy. (a) In rest (b) 
Oculo-oral synkinesia (c) Oro-ocular synkinesia (d) 

Synkinesia of depressors with reduction of smile excur-
sion on the right side and synkinesia of mentalis muscle
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nesia of the facial and the trigeminal nerve, syn-
kinesia of the facial and oculomotor nerve [2].

Longstanding severe facial synkinesia can lead 
to contractures and asymmetry of the resting face. 
Patients can suffer from deepened nasiolabial 
folds and chin dimpling at rest [7]. Untreated pla-
tysmal synkinesia can lead to platysmal strands at 
rest and during facial movements (Fig. 31.2).

The type of synkinetic movement influences 
its clinical significance along with the severity of 
the synkinesia. Mild forms of synkinesia or syn-
kinesia triggered by movements that the patient 
rarely applies during daily activities carry less 
burden of disease than for example, synkinesia 
associated with the blink reflex.

31.5  Diagnosis of Synkinetic 
Facial Movements

Different diagnostic tools and grading systems 
for facial synkinesia are available. Subjective 
gradings are either patient-based or observer- 
based. Most grading systems are developed for 
general assessment of facial function in facial 
palsy patients and include a section for synki-
netic movements. Well established observer- 
based grading systems include the Regional 
House-Brackmann Facial Nerve Grading System 
[9], the Sunnybrook Facial Grading System [10], 
the Sydney Facial Grading System [10] and the 
Chang Gung Memorial Hospital PPFS 
Examination Sheet [7] (Table 31.3).

Several patient-based questionnaires assess-
ing synkinesia were introduced, like the 
Synkinesis Assessment Questionnaire [11] or the 
FaCE Scale Instrument [12], however, many 
reports in the literature applied non-validated 
“ad-hoc” questionnaires.

Clinically, most groups adapted the grading 
system of facial introduced by Ross et  al. [13] Fig. 31.2 Platysmal strands and synkinesia of the men-

talis muscle as sequalae of Bell’s palsy

Table 31.3 Observer-based and patient-based gradings 
of synkinesia

Subjective grading systems of facial synkinesia
• Observer-based gradings:
   – Sunnybrook Facial Grading System [13].
   –  Regional House-Brackmann Facial Nerve Grading 

System [9].
   – Sydney Facial Grading System [10].
   –  Chang Gung Memorial Hospital PPFS 

Examination Sheet [7].
• Patient-based gradings:
   – Synkinesis Assessment Questionnaire [11].
   – FaCE Scale Instrument [12].

Table 31.4 Subjective grading of facial synkinesia after 
Ross et al. [13]

Grade of 
synkinesia Facial movement
None No synkinetic facial movement
Mild Slight synkinesia
Moderate Obvious but not disfiguring 

synkinesia
Severe Disturbing synkinesia; gross mass 

movement of several muscles
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(Table  31.4). Synkinetic movements are graded 
by the observer from none to severe. This offers 
an easily applicable way for gross grading of the 
different types of synkinesia, which this scale can 
be applied to. Interobserver variability needs to 
be considered with any subjective grading.

Synkinetic movements can also be analyzed 
with objective facial grading systems like the 
Neely-Cheung Facial Analysis Computerized 
Evaluation system, the maximal static response 
assay (MSRA) of facial nerve function, the Peak 
Motus Motion Measurement System, the 
Automated Facial Image Analysis, or the Three- 
Dimensional Video Analysis of Facial Movement 
[4]. Studies found that objective tools diagnosed 
synkinesia more frequently than subjective grad-
ings. Among objective analysis systems, three- 
dimensional assessment of facial movements 
should be preferred, as it was demonstrated that 
two-dimensional analysis of facial movements 
underestimated three-dimensional amplitudes by 
as much as 43% [14].

31.6  Treatment of Synkinetic 
Facial Movements

For successful treatment of facial synkinesia, the 
patients need to be informed about the underly-
ing causes of the condition. It is the responsibility 
of the treating facial plastic surgeon to raise 
awareness for synkinetic movements and to 
establish a treatment plan that takes the severity 

and type of synkinesia into consideration. 
Conservative treatment options include physical 
therapy, mirror training, biofeedback rehabilita-
tion that applies electromyographic feedback and 
neuromuscular reeducation (Figs. 31.3 and 31.4). 
Brach et al. showed that oral synkinesia is signifi-
cantly reduced by facial neuromuscular retrain-
ing, a facial exercise program in combination 
with electromyographic biofeedback [15]. Facial 
neuromuscular reeducation led to alternated mus-
cle recruitment in patients with facial palsy, who 
suffered from moderate-to-severe synkinesia or 
mild-to-moderate multiway synkinesia. The 
study showed that neuromuscular reeducation 
improved voluntary facial movements and 
decreased synkinesia [8].

Botulinum toxin injections are commonly 
used in the treatment of facial synkinesia [7]. 
Increased resting tone of synkinetic muscle 
groups can be improved. The treatment effect is, 
however, temporary and repeated applications 
are required. It is advisable to systematic docu-

Fig. 31.3 Image that illustrates patient education during 
physiotherapy training in synkinesias. Understanding of 
the different facial muscles and the involuntary facial 
movements increases patient engagement in the treatment

Fig. 31.4 Imaging of mirror training with physiothera-
pist guidance
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ment the location and dose of injections 
(Fig.  31.5). The affected patients need to be 
counseled regarding the indications, possible 
side effects and limitations of Botulinum toxin 
injections.

Chuang et al. developed a severity and pattern 
directed treatment algorithm for facial synkinesia 
[7]. The treatment goal of facial synkinesia is not 
the mere suppression of unintentional movement, 
but the improvement of facial function and sym-
metry. Mild cases of facial synkinesia can be 
managed with physical therapy and Botulinum 
toxin injections. Botulinum toxin injections are 
also used to improve static asymmetries like chin 
dimpling and deepened nasolabial folds or pla-
tysmal strands. In severe cases, the trigger and 
the synkinetic muscles need to be addressed [7]. 
Surgical treatment concepts of facial synkinesia 
need to consider the severity and type of synkine-
sia in context of the patients’ facial function [4]. 
Surgical interventions range from small correc-
tive surgeries, like blepharoplasty or fat grafting 
to extensive procedures that include denervation 
of the affected part of the face with myectomy of 
synkinetic muscles, followed by facial reanima-
tion with alternate sources of innervation and free 
muscle transplantation [7].

Static corrections to improve facial symmetry 
include brow lift, fat grafting to improve nasola-

bial fold and chin, lip revision, blepharoplasty, ten-
sor fasciae lata sling, or fat grafts [7]. Myectomy 
of synkinetic muscle groups are well established 
for the corrugator muscle, the depressor and men-
talis muscles, as well as the platysma. Myectomy 
of parts of the orbicularis oculi has been reported, 
but the eyelid closure needs to be preserved.

In severe cases of facial synkinesia, radical 
myectomy and two-stage reconstruction with 
cross-face nerve grafts and a free gracilis muscle 
transplant can be performed. Alternatively, one- 
stage procedures can be performed with alterna-
tive donor nerves like the spinal accessory nerve, 
or the masseter nerve [7]. The patient needs to be 
carefully counseled about the complexity of the 
reconstruction and possible complications.

Given the complexity of the treatment of facial 
synkinesia, patient education and research focus-
ing on the causes and prevention of synkinesia 
are important.
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Frontiers and Innovations  
in Facial Palsy

Caroline Driessen, Andrés Rodríguez-Lorenzo, 
and Chieh-Han John Tzou

This book has outlined the variable options that 
are currently available to reanimate the face after 
facial palsy. There are numerous unsolved prob-
lems and there are ongoing projects to finetune 
the current solutions. This search includes direct 
neurotization, novel use of expandable donor 
nerves, different adaptations of the commonly 
used donor nerves, different muscle transfers and 
static procedures but also changes in indications 
and the use of medical technologies. This chapter 
will introduce the hot topics among the explora-
tion of new solutions in facial palsy. The treat-
ment of facial palsy highly depends on 
organization and research.

Regarding organization, facial palsy is regis-
tered in the ‘National organisation of rare disor-
ders’ in the United States. This organization 
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Key Points
• Direct neuronization of transplanted 

muscle grafts may be useful in reanima-
tion of the periocular complex.

• Reanimation of the nose was neglected 
too long and should be considered in 
every facial palsy patient.

• Synkinesis surgery moves from botuli-
num toxin injections alone to myec-
tomy, neurectomy, nerve transfers, and 
combinations. The challenge is to 
remain sufficient motor activity.

• Endoscopic approaches should be con-
sidered in every facial palsy related 
operation with the benefit of less skin 

and soft tissue injury, better aesthetic 
result and even preserved nerve integrity 
due to a smaller wound.

• Ideally, bionic reanimation uses electri-
cal stimulation by the non-affected side 
to activate the paralyzed muscles or vas-
cularized muscle flap of the affected 
side. If it will be clinically feasible in 
the future, it may create spontaneity and 
it would make surgery and a cross-facial 
nerve graft unnecessary.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50784-8_32&domain=pdf
https://doi.org/10.1007/978-3-030-50784-8_32#DOI
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coordinates patient information but is also facili-
tates connections with colleagues, the possibili-
ties to apply for grants and research collaboration. 
Similarly, in Europe, there are European 
Reference Networks (ERN). They are virtual net-
works involving healthcare providers across 
Europe. The aim is to tackle complex or rare dis-
eases for which specialized treatment is required. 
A virtual expertise team of medical specialists 
across different disciplines may advise in the 
treatment of patients with a specific rare disease 
without the need for the patient to travel. The 
concentration of knowledge and resources may 
improve the clinical outcome. It’s for the first 
time in healthcare that this voluntary collabora-
tion between healthcare providers is created in a 
formal structure. They are supported by the 
European Commission. Facial palsy is included 
in the ERN that covers Rare craniofacial anoma-
lies and ENT disorders (cranio). This ERN 
mainly embraces a congenital population. The 
collaboration is a great example of how knowl-
edge is shared, which hopefully results in better 
care and facilitates research.

Research may be facilitated by these net-
works. To draw widely applicable conclusions, 
standard outcome parameters are of utmost 
importance. Dr. Hadlock has published a detailed 
and thorough proposition [1]. She emphasizes 
that not only outcomes, but also the expected 
timeframe should be included when setting up 
the planning of outcome measurement. It should 
still be agreed on which objective measure are 
most precise and relevant. Computer-based anal-
yses, such as the MATLAB-based image analysis 
software tool which is used in the Facial 
Assessment by Computer Evaluation (FACE) 
program, may contribute to objective outcome 
measurements [2]. Like for many diseases, facial 
palsy research should also include patient 
reported outcomes measures (PROMs). Although 
several questionnaires are available to analyze 
the face, there are little that focus on facial palsy 
in specific. Quality of life is often derived from 
general health related questionnaires such as 
PROMIS global health/physical and symptom- 
specific questions such as the FACE Q and FACE 
Q kids [3]. For pediatric facial palsy, the 

International Consortium for Health Outcomes 
Measurement (ICHOM) has developed a stan-
dard set of patient reported endpoints (Table 32.1) 
[4]. Also for adults, these items could be studied 
to get to an as complete as possible patients’ 
judgment. It is difficult to get all healthcare pro-
viders on board so this will be an important chal-
lenge for the future.

32.1  Surgical Advances

32.1.1  Top-Down State of the Art

Using the top-down approach, the following 
advances are ongoing.

32.1.1.1  Reanimation of the Forehead
The forehead is often considered to be less rele-
vant with regards to functional deficits and emo-
tional expression. Although both the healthy and 
affected side may be treated in facial palsy, not so 
many enhancements have been made to the use of 
botox and suspension techniques respectively. 
The biggest improvement in the last period of 
time has been the introduction of endoscopic sur-
gery which will be addressed later.

Table 32.1 International Consortium for Health 
Outcomes Measurement (ICHOM) standard set of end-
points for pediatric facial palsy

Evaluation
Burden of 
care to 
patients

Major 
complications 
from interventions

• Registration

Degree of 
health

Facial appearance 
and movement

• eFace
• Face Q kids

Oral continence •  Questions about 
eating and 
drinking

Speech • Speech questions
Facial discomfort •  Visual Analogue 

Scale
Vision and ocular 
symptoms

•  Snellen chart and 
ocular symptoms 
questions

Health related 
quality of life

•  PROMIS 
paediatric global 
health

Social health •  PROMIS peer 
relationship

C. Driessen et al.
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32.1.1.2  Reanimation of the 
Periocular Complex

Paralysis of the orbicularis oculi muscle results in 
decreased lacrimation, lagophthalmos and the 
inability to spontaneously blink. If left untreated 
they can compromise the cornea and vision. 
Also, a smile is incomplete without moving the 
eye. To compensate for these deficits, there is an 
ongoing search for solutions. Static procedures 
may protect the eye but only dynamic proce-
dures can restore the pathway for blinking and 
voluntary or even spontaneous movements of the 
eye. Most advances are in the field of dynamic 
reconstructions.

Initially it should be decided if the orbicularis 
oculi muscle is still viable, for example in acute 
cases of facial palsy, or if another distant muscle 
transplantation or a static procedure is needed as 
a substitution. Reinnervation could be achieved 
by several ways as described by Terzis [5]. 
Sometimes one of these reinnervation methods is 
used as an adjunct to another. A cross-facial nerve 
graft may be used from the contralateral, unaf-
fected side with direct micro-coaptations to eye 
sphincter branches. This procedure may be com-
bined with a mini hypoglossus nerve transfer to a 
facial nerve branch may also be used. For each 
donor nerve, it may be considered to use direct 
nerve to muscle neurotization. In the latter, any 
interposition nerve graft is positioned directly in 
the muscle. The donor nerve is split in one end 
for the upper part of the orbicularis muscle and 
one end for the lower part of the orbicularis mus-
cle. In each half, separate fascicles are dissected 
and divided.

One of the less commonly used, locally avail-
able donor nerves is the deep temporal nerve [6], 
which most often is a branch of the mandibular 
nerve. The deep temporal nerve further branches 
into an anterior, posterior and sometimes middle 
branch, of which the anterior branch is most suit-
able for transposition and direct neuronization of 
the orbicularis oculi muscle considering its diam-
eter, size, and length.

If the paralysis has been present for longer 
over 2 years, or if for another reason it is expected 
that the native orbicularis muscle cannot be rein-
nervated anymore, it may be considered to trans-

plant pieces of muscle to the eye. For replacing 
the orbicularis oculi, the frontal, occipital, pla-
tysma, gracilis, extensor digitorum brevis, and 
adductor longus have been described [5]. From 
an embryologic point of view, frontal muscle, 
occipital muscle and platysma muscle are all 
alike with orbicularis oculi muscle. If the muscle 
is kept as thin as orbicularis oculi muscle, it has 
been postulated that it could even take as an 
unvascularized graft without anastomosing the 
neurovascular bundle. This innovation was 
explored first by Thompson and Gustavson in the 
early 1970s who used the extensor brevis muscle 
as a free unvascularized graft for eye closure. In 
those days, the muscle was transplanted to the 
unaffected side to allow for direct neuronization, 
with the tendons attached to the affected side to 
allow for eye closure. In partial paralyses, the 
hypothesis was that the remaining facial nerve 
branches would innervate the newly placed mus-
cle. Later, they explored the inclusion of the 
motor nerve and anastomosing it to nerve 
branches at the contralateral side. These concepts 
are currently reused.

Unvascularized platysma transplants in com-
bination with a cross-facial nerve graft have been 
described by Biglioli [7]. He uses a cross-facial 
nerve graft from the unaffected facial nerve 
branches to the orbicularis oculi muscle. These 
are used to innervate a non-vascularized platysma 
graft. Simultaneously, he performs a fascia lata 
string suspension of the lower lid. This combined 
approach results in 37% decrease in opening of 
the lids when the eyes are closed. Of course, it is 
unsure which part of the procedure has the big-
gest effect on the eye opening.

Vascularized platysma transplants were pub-
lished first by Terzis, and recently by Guelinckx 
[8]. The latter did a two-step approach with first a 
cross-facial nerve graft and nine months later a 
transfer of a piece of platysma on its neurovascu-
lar pedicle (Fig.  32.1). The anastomosis was to 
the cross-facial nerve graft and the temporal ves-
sels. His reported that his results are very worthy 
with 88% of good to excellent function. The 
mean age of his population was 30 years old and 
he believes that best results may be achieved in 
patients younger than 40. He believes that trans-
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plants >1 g need micro-neurovascular repair. In 
three failed cases (13%), the problem was found 
to be a lack of reinnervation and not a lack of 
revascularization.

The future may bring the clinical application 
of different stimuli to activate the eye, including 
a mechanical cornea reflex (trigeminus nerve), an 
electrical supra-orbital sensory nerve reflex and 
also acoustic or visual stimuli.

32.1.1.3  Reanimation of the Nose
Deviation of the nose with esthetic and functional 
symptoms is probably the most neglected area in 
the field facial palsy. Although nasal obstruction 
due to facial palsy was already reported in the 
seventies, not much innovation has been going on 
in addition to the static suspension procedures. 
As addressed in Chap. 5.1, improvement of the 
external valve patency results in a significantly 
better disease-specific quality of life. Nasal signs 

should be looked for, surgical treatment should 
be considered and future studies should be done 
to further optimize results. We suggest, when 
performing nerve transfers for smile reanimation, 
to carefully select the facial nerve branches that 
also innervate the nose.

32.1.1.4  Reanimation of the Lower 
Lip

Most reconstructions for lower lip palsy focus on 
paralyzing the contralateral normal lip or provid-
ing static support on the affected side. The 
depressors however are important for all perioral 
expressions including speech, oral competence 
and smiling, especially for people with a so called 
‘full denture smile’. Also, weakening the unaf-
fected side may cause further deprivation of the 
function of the lower lip. It would therefore be of 
great benefit if the function of the affected lower 
lip could be dynamically restored, including 
depression and eversion. Several techniques have 
been reported varying from anterior digastric and 
platysma muscle transfers in addition to direct 
muscle neurotization and cross-facial nerve 
grafts [9]. There should be a distinction between 
patients with short-standing paralysis (up to 6 
months) in whom there is muscle viability on 
EMG, intermediate paralysis (6–24 months) with 
viable depressor muscles on EMG or long- 
standing paralysis [9]. Innovation in the short- 
standing paralysis group includes novel use of 
donor nerves, including the platysma motor nerve 
transfer [10] (Fig. 32.2). This nerve is only avail-
able in selected cases but should be considered 
whenever the marginal mandibular brand is spe-
cifically injured. In the intermediate paralyses 
group, a babysitter mini hypoglossus nerve trans-
fer can be used together with a cross-facial nerve 
graft, in which 40% of the very potent ipsilateral 
hypoglossus is used to quickly reinnervate the 
depressor, while waiting for the cross-facial 
nerve graft to regenerate. An alternative to the 
hypoglossus nerve is the masseter nerve, acces-
sory nerve or the anterior division of the C7 root. 
For long-standing paralyses, a functional muscle 
is required. The platysma muscle can be trans-
posed as a one-stage operation if the vasculariza-
tion by the submental artery and the innervation 

Fig. 32.1 Neurovascular platysma muscle transplant to 
cross-facial nerve graft based on the work of Guelinckx [8]
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by the cervical branch of the facial nerve are pre-
served. Alternatively, the anterior belly of the 
digastric muscle has been described. In conclu-
sion, reanimation of the paralyzed face is incom-
plete without restoration of the lower lip 
depressors. Dynamic improvements should be 
enhanced top optimize speech, oral competence, 
and smiling.

32.2  Surgery for Synkinesis

Although there is no consensus about the best 
therapy for synkinesis, many patients are cur-
rently treated by denervation with botulinum 
toxin injections or biofeedback training. Surgery 
may be very useful as an alternative or an adjunct, 
since persistent or returning synkinesis have a 
major negative impact on facial asymmetry and 
resultant quality of life. Surgical results are more 
stable, but tend to be underutilized which may be 
explained by a lack of surgical experience with 
regards to the microsurgery of the smallest facial 
nerve branches. Moreover, it is difficult to predict 
the consistency of the results since there are 
many anastomoses between several facial nerve 
branches. Several surgical applications are listed 

and vary from myectomy to neurectomy to nerve 
transfers and combinations. Probably, the best 
treatment is a balance of restoring the coordi-
nated movement and decreasing the undesired 
synkinesis movements. The downside is that par-
alyzing the muscle will not only decrease the 
synkinesis, but also weaken its function. To avoid 
this, many surgeons are less aggressive when 
operating but therefore also achieve a less satisfy-
ing result. The challenge is to remain sufficient 
motor activity and the side-effect of selective 
neurectomy is that total paralyses of the target 
muscle may occur. The choice of which treat-
ment is best, depends on the severity of symp-
toms and surgeon’s and patients’ preference.

Generally speaking, the more severe the more 
severe the synkinesis, the more aggressive the 
treatment. Terzis et al. distinguish three different 
steps in the surgical treatment of synkinesis: (1) 
Cross-facial nerve graft with secondary micro- 
coaptations to break the circle of synkinesis by 
adding an additional strong stimulus from the 
contralateral side; (2) Direct cross-facial nerve 
neuronization; (3) Botulinum toxin injection 
[11]. Other surgical treatments include myec-
tomy of the affected muscles of which the orbicu-
laris oculi muscle (superior and inferior), 
corrugator muscle, depressors of the lip and pla-
tysma muscle are well known [12]. For the synki-
nesis of eyelid closure with smiling or vice versa, 
a neuromyectomy of an inferior, lateral strip of 
the orbicularis oculi muscle with its nerve could 
be a solution. It has been reported to be effective 
in all 11 patients with one case of ectropion [13]. 
Last but not least, also the free gracilis muscle 
transplant has been described for the surgical 
treatment of synkinesis. It could be used as a one- 
stage procedure to the masseter nerve or acces-
sory nerve or as a two-stage procedure with a 
cross-facial nerve graft. The free muscle trans-
plant will supply the motor that is needed. This 
may be preceded by a thorough myectomy on the 
affected side. Chuang et al. explain their approach 
as treating a scar for which sometimes a radical 
excision and resurfacing is required. It is then 
necessary to remove both the trigger (neurec-
tomy) and synkinetic muscles (myectomy) and 
supply a new and healthy innervated muscle. All 

Marginal Mandibular
Branch

Facial Artery

Platysma Motor
Nerve

Parotid Gland

Fig. 32.2 Platysma motor nerve transposition to rein-
force the lower lip depressors [10]
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patients with moderate to severe synkinesis 
((17 + 34) 51) improved after one or two-stage 
surgery [12]. No additional botulinum toxin 
injections were needed.

In case of incomplete facial palsy, a less radical 
approach by only adapting the innervation may be 
sufficient. Selective neurectomy of a tiny facial 
nerve branch to the orbicularis oculi muscle may 
be considered if eyelid spasm is present. A highly 
selective neurectomy was performed by Hadlock 
et al. [14]. The team found a significant change in 
the palpebral fissure width while smiling, but the 
results were not sustainable and most needed 
Botulinum toxin injections after a symptom- free 
interval. Simultaneous with neurectomy, a cross-
facial nerve graft may be performed as well as a 
masseter nerve to zygomatic facial nerve branch 
neurorraphy. The authors explain their results by a 
separation of the neural stimulus of the orbicularis 
oculi (residual facial nerve function) from that of 
the zygomatic muscular complex (dual innerva-
tion by the masseter nerve and cross-facial nerve 
graft) [15]. This work is the continuation of the 
previous thoughts by Terzis and Karypidis, who 
use secondary micro-coaptations along with botu-
linum toxin injections and biofeedback to treat 
synkinesis [11].

32.3  Technical Advances

With the increasing use of multimedia, it is 
expected that computer-based analyses of sur-
gical results and also training will be more and 
more available. Nowadays, you can already find 
mobile phone applications with physiotherapy for 
facial rehabilitation. These applications could be 
expanded to personal log books to grade effects 
after botox injections or holding track of a patient’s 
progress in utilizing a dynamic reconstruction.

Other technical advances include:

32.3.1  Multidimensional Training 
Models

Two- and three-dimensional models have an 
important role in the rehabilitation, and the out-

come of facial palsy treatment is directly linked 
to the rehabilitation path. A two-dimensional 
photo with many landmarks is processed into a 
three-dimensional image and an extra dimension 
may provide extra accuracy [16]. Of course, there 
is a sample error which may affect the procession 
but it’s a promising adjunct to the current reha-
bilitation programs.

The superlative of these static three- 
dimensional images is a fourth dimension, being 
dynamics. The Visual Computing Group (VCG) 
at the University of Portsmouth is working on the 
development of refined four-dimensional geo-
metric models may be used to further improve 
facial palsy treatment. It is claimed that it com-
bines mirror therapy with a facial sensing tech-
nology, resulting in a real-time feedback. This 
may improve the rehabilitation, but also creates 
an important database of values which can be 
used for outcome assessments.

32.3.1.1  Endoscopic Surgery
Endoscopic approaches have dramatically 
increased among different surgical fields with the 
benefit of less skin and soft tissue injury, better 
aesthetic result and even preserved nerve integ-
rity due to a smaller wound. Also, for facial palsy 
there are several applications of endoscopic 
surgery.

First of all, it is feasible to endoscopically har-
vest the sural nerve in both the pediatric and adult 
patient population. The nerve can be harvested 
through a single incision as small as 12 mm and 
nerve dissection is performed from proximal to 
distal to minimize damage to the nerve when side 
branches are encountered. A nerve stripper is 
used, which contains a small notch through which 
the nerve is dissected. An air-inflated balloon 
may be used to enlarge the endoscopic cavity. 
Endoscopic harvest greatly reduces the scars on 
the lower extremity which are quite visible and 
stigmatizing.

Secondly, endoscopy has been used for sev-
eral applications in the face. Minimally invasive 
inset of the gracilis muscle has been reported by 
Klebuc [17], with a small incision anterior to the 
ear and endoscopic dissection of the subcutane-
ously plane to inset the muscle.
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Thirdly, ancillary procedures such as brow or 
forehead lifts are performed endoscopically. 
There are several techniques with bone anchors 
and periosteal sutures of which the biodegradable 
Endotine® has been previously mentioned. It may 
be introduced by small incisions in the hair- 
bearing scalp for forehead lifting, or through a 
trans-blepharic approach for brow lifting. It may 
be visible and palpable at first, but the device 
resorbs within a year. There is increasing evi-
dence in a general population for its use in gen-
eral, with a patient satisfaction as great as 95.3% 
and the pleased by the lift achieved and felt the 
device was easy to use [18]. There is only one 
German case series with nine facial palsy patients 
[19]. They found it to be a successful tool and 
reported relapse in one case.

32.3.1.2  Bionic Reanimation
The applications of medical technology expand 
quickly. Since the vast majority of facial palsy is 
unilateral, electrical stimulation by the non- 
affected side may be considered as a reconstruc-
tive option. Bionic reanimation includes the 
design of a device to detect movements on a non- 
affected side, and activate paralyzed muscles of 
an affected side. It was previously used to restore 
the function in upper and lower limbs, bladder, 
bowel and respiratory function after spinal cord 
or brain injury. The principles have been estab-
lished in these patient populations to achieve a 
safe and reliable activation. Ideally, it creates 
spontaneity, it makes surgery and the use of a 
cross-facial nerve graft unnecessary and it may 
be used for areas of the face wherefore a nerve 
graft is sometimes not considered such as the eye 
or forehead [20]. Electrodes can be placed there 
where it stimulates the underlying muscle on its 
best [21]. This location should be tested sepa-
rately. Ultimately, these are placed intra- 
muscular or integrated in electroactive polymer 
artificial muscle and connected to the healthy 
nerve at the contralateral side which supplies the 
impulse whenever a patient spontaneously 
smiles or blinks. Alternatively, the stimulants 
can come separately from an external source in 
case it is expected that there will be a functional 
recovery of the affected nerve within a few 

months, for example to treat lagophthalmos in 
case of Bell’s palsy or Lyme’s disease. The 
devices may be able to record and process the 
signals needed for a certain movement, so that 
this train of signals is given off whenever a cer-
tain motion is needed. It has been studied for 
stimulating the frontal muscle, blink of the eye 
and smile, but there are several problems to over-
come before a clinical application is successful. 
The signal shouldn’t be too strong to avoid pain 
[21]. In addition to tolerability, it’s not yet fea-
sible to apply all these technical steps in a clini-
cal situation. For the best result, there shouldn’t 
be any delay from the initiating signal to the pro-
cess to the motion and this is difficult. Once it is 
successfully implicated, it may need to be 
adjusted over time to account for small changes 
that people go through when getting older or 
when a certain degree of recovery is achieved. 
It’s an exciting and promising technique to 
closely follow up on in the future.
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Endoscopic-Assisted Free Muscle 
Flaps for Facial Reanimation

Michael J. Klebuc and Andres F. Doval

The introduction of endoscopic technique has 
produced a paradigm shift in intercavitary sur-
gery yielding a series of benefits including, 
decreased postoperative pain, reduced wound 
infection rates, shorter hospitalizations, and more 
a rapid return to work [1]. Endoscopic and robotic 
surgical techniques are also making significant 
inroads in the field of plastic and reconstructive 
surgery. They have been successfully utilized to 
perform both cosmetic and reconstructive proce-
dures including, brow lifts, rhytidectomies, cra-
niosynostosis management, nerve decompression 
and flap harvest via limited access incisions [2–
8]. Endoscopic surgical techniques can also be 
utilized in an effort to enhance the cosmetic 
results in facial reanimation surgery. With the aid 
of endoscopic assistance, free neurovascular 
muscle flap smile restoration can be successfully 
performed via a limited preauricular incision, 
avoiding the traditional, submandibular 
extension.
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Key Points
• Endoscopic assistance can enhance cos-

mesis in free muscle flap facial reanima-
tion. The procedure is performed via a 
limited preauricular incision, avoiding a 
submandibular scar.

• Endoscopic visualization can be utilized 
to verify proper suture anchoring in the 
perioral region, avoiding lateral muscle 
displacement.

• The superficial temporal artery and vein 
are the preferred recipient vessels.

• The microsurgical nerve repair is per-
formed prior to the vascular anastomosis to 
accommodate for the reduced exposure.

• Fascial extensions of the free muscle 
flap can be delivered into the upper and 
lower lips to enhance lip symmetry and 
upper dental show.
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33.1  Surgical Technique

Preoperatively the smile vectors and nasolabial 
folds are marked in the upright, sitting position. 
If a cross face nerve graft has been previously 
placed then the site of the Tinel’s sign is also 
marked. The patient is then placed supine on the 
operating table and sequential compression 
devices are applied to the lower extremities. 
General naso-tracheal anesthesia is induced and 
the nasal RAE tube is sutured to the nasal colu-
mella and further secured to the hair-bearing 
scalp with foam, silk tape and staples to prevent 
pressure on the nasal alae. A preauricular incision 
extending into the sideburn is marked as are the 
borders of the planned cheek flap and the location 
of the selected motor nerve. If the motor nerve to 
masseter will be utilized a point 3 cm in front of 
the tragus and 1 cm below the zygomatic arch is 
marked to denote its position (Fig. 33.1) [9]. If 
the ipsilateral facial nerve will be utilized then 
the general location of the facial nerve branch to 
the zygomaticus major (Zuker’s point) is marked 
at the midway point on a line drawn from the root 
of the helix to the lateral commissure [10, 11]. 
The location of the cross face nerve graft is best 
identified preoperatively utilizing the Tinel’s 
sign. Sutures (5–0 Proline) are placed to rein-
force the nasolabial fold markings and the buccal 
and perioral region are infiltrated with a solution 
containing 1:100,000 epinephrine. Injection of 
the vasoconstrictive solution is avoided in the 
preauricular region to prevent spasm of the super-
ficial temporal artery and vein. The preauricular 
incision is created and a thick, skin, and subcuta-

neous flap is elevated directly above the SMAS 
with the aid of bipolar cautery. If a cross face 
nerve graft has been previously placed then it is 
identified and its course is carefully dissected. 
After elevating the skin flap in the parotid region 
the SMAS is incised and the superficial temporal 
artery and vein are identified to verify their pres-
ence and adequacy for microvascular anastomo-
sis. The vessels are then left undissected at this 
juncture to prevent inadvertent injury. Scissor 
dissection is now employed in the buccal and 
perioral regions to elevate a generous skin flap 
taking care to avoid dermal exposure that could 
produce adhesions between the free muscle flap 
and overlying skin. The operating microscope 
along with electrical stimulation is now utilized 
to identify the motor nerve of choice (masseter, 
facial nerve, CFNG). The nerves are selectively 
transected and marked with a suture to facilitate 
later identification and the superficial temporal 
artery and vein are skeletonized (Fig.  33.2). If 
these vessels are not available then a limited sub-
mandibular incision can be created to access the 
facial vessels reducing the cosmetic advantage of 
the approach. A 30° browlift endoscope (4 mm 
diameter, 18 cm length) with an attached optical 
retractor (Karl Storz SE & Co., Dr.-Karl-Storz- 
StraBe34, Tuttlingen, Germany) are now utilized 
to visualize the lateral border of the orbicularis 
oris (Fig.  33.3). Once the optical window is 
established, graspers are utilized to secure a 
series of 2-0 polydioxanone sutures (Figs.  33.4 
and 33.5). The sutures are adjusted until gentle 
traction produces a pleasing facsimile of a smile. 
Vertical incisions can now be created in the ver-
milion of the upper and lower lips to facilitate 

Fig. 33.1 Smile vector, preauricular incision and topo-
graphic location of the masseter nerve marked (X)

Fig. 33.2 Isolated superficial temporal vessels and 
descending branch of masseter nerve
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delivery of the free muscle flap’s fascial exten-
sions if desired. Fascial extensions are frequently 
employed as they facilitate the creation of upper 
dental show and resist lateral displacement of the 
muscle flap into the check (lateral drift defor-
mity). A new set of instruments are then utilized 

to harvest a contralateral free gracilis muscle flap 
via a limited incision in the upper, inner, thigh. 
The anterior third of the muscle is typically 
incorporated into the flap design, however, the 
neurovascular hilum is visualized prior to tailor-
ing to rule out a central variant (Fig. 33.6). If the 
neurovascular pedicle enters the muscle in a cen-
tral location then the flap design is shifted and 
fashioned around the posterior segment of the 
gracilis muscle. The entire length of the obturator 
nerve and vascular pedicle are harvested to 
enhance flexibility at the time of muscle inset. 
Electrical stimulation is frequently utilized 
 during the flap harvest to verify the presence of 
active contraction. The flap length is determined 
by measuring the distance from the commissure 
to the temporal region and adding an additional 
centimeter to accommodate for anchoring 
sutures. Proximal fascial extensions can be 
included in the flap design if desired. Heavy, 
braided polyglactin sutures are placed in a hori-
zontal mattress fashion at the cut ends of the 
muscle to prevent later dislodgment of the 
anchoring sutures. The flap is now delivered to 
the head and neck region and anchored to the lat-
eral orbicularis oris utilizing the previously 
placed sutures (Fig. 33.7). Gracilis tendon or fas-
cia lata can be incorporated deep to the flap for 
additional static support if required. The inset is 
performed via the limited preauricular incision 
and is greatly facilitated by utilizing the endo-
scope in conjunction with an endoscopic knot 
pusher. After securing the flap in the perioral 
region the endoscope is again utilized to verify 

Fig. 33.3 Optical window created with 30° browlift 
endoscope with attached optical retractor (Karl Storz SE 
& Co.)

Fig. 33.4 2-0 polydioxanone anchoring sutures secured 
to the orbicularis oris with endoscopic assistance

Fig. 33.5 Traction placed on anchoring sutures to simu-
late a smile

Fig. 33.6 Anterior third of the gracilis muscle incorpo-
rated into the flap design
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that the anchoring sutures have only captured the 
desired distal end of the muscle flap and have not 
inadvertently incorporated more proximal seg-
ments of muscle. The lateral muscle flap border is 
now temporarily anchored to the temporal fascia 
and the obturator nerve is stimulated verifying 
the proper muscle tension and vector have been 
obtained. The temporal anchoring sutures are 
now released and the muscle is reflected medi-
ally. The microsurgical nerve repair is now per-
formed to accommodate for the limited exposure. 
Once the nerve repair is completed the muscle is 
re-anchored to the temporal fascia with 2-0 
polydioxanone suture and the microvascular 
anastomosis is performed (Fig. 33.8). The inci-

sion is then repaired over a 10-F closed suction 
drain placed along the inferior border of the 
cheek dissection and the cutaneous Doppler sig-
nal is marked. A deep, atraumatic, extubation is 
then performed (Figs. 33.9a–f and 33.10a–h).

33.2  Discussion

Advanced proficiency in reconstructive surgery 
has been accompanied by an ever growing desire 
for improved cosmesis as surgeons strive to 
restore both function and form. To that end, endo-
scopic assistance has facilitated the performance 
of numerous reconstructive surgical procedures 
via limited access incisions. Minimally invasive 
surgical techniques have been employed in the 
treatment of the paralyzed face in an effort to 
improve both donor site and facial aesthetics. 
Contreras-Garcia and associates have described 
performing lengthening temporalis myoplasties 
with endoscopic assistance via limited temporal 
and intraoral access incisions [12]. Endoscopic 
techniques have also been utilized in the perfor-
mance of static procedures including minimally 
invasive fascia lata graft harvest and insertion for 
midfacial suspension [6, 12]. Additionally, 
numerous endoscopic assisted midface lift and 
brow lift procedures have been described for both 
cosmetic and reconstructive purposes [7, 13]. 
Endoscopic vein harvesting equipment has been 
successfully utilized to procure long segments of 
sural nerve via a single limited access incision 
significantly improving the aesthetics of the 
nerve graft donor site [14]. Endoscopic assis-
tance has also been employed with free muscle 
flap facial reanimation. Takushima and associates 
describe a single stage facial reanimation utiliz-
ing a free latissimus dorsi muscle flap. The donor 
facial nerve branches on the unaffected side are 
explored via two limited access incisions in the 
preauricular region. The nerve repair between the 
thoracodorsal and fascia nerve is performed uti-
lizing a single stab incision in the buccal region. 
Efforts have also been made to harvest free mus-
cle flaps endoscopically. Lin and Wei describe 
their experience with endoscopic assisted har-
vesting of 16 free gracilis muscle flaps. Utilizingw 

Fig. 33.7 Heavily tailored free gracilis muscle flap prior 
to inset

Fig. 33.8 Microsurgical never repair (masseter- 
obturator) performed prior to vascular anastomosis to 
compensate for reduced exposure
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Fig. 33.9 (a) A 
14-year-old male with 
bilateral Moebius 
Syndrome, preoperative 
at rest. (b) Preoperative 
with maximal smile 
effort and retained eye 
closure. (c) 
Postoperative in repose. 
(d) Postoperative 
smiling. (e) 
Postoperative right 
lateral smiling. (f) 
Postoperative left lateral 
smiling
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this approach they were able to decrease the aver-
age length of the medial thigh incision to 6.5 cm 
as compared to 15.5 cm in the conventional har-
vest group. Over the past decade, there has been 

a steady push to enhance the facial aesthetics of 
free muscle flap facial reanimation [15].

Extensive tailoring of free gracilis muscle flaps 
has also been employed for reduction of midface 

Fig. 33.10 (a) A 42-year-old female with 26 months of 
facial paresis as a result of pseudotumor cerebri, preopera-
tive at rest. (b) Preoperative smile. (c) Preoperative smile, 
right lateral. (d) Preoperative smile, left lateral. (e) 
8  months postoperative after free gracilis muscle flap 

innervated by the masseter nerve in conjunction with a 
V–VII nerve transfer in repose. (f) Postoperative smile, 
anterior. (g) Postoperative smile, right lateral. (h) 
Postoperative smile, left lateral

a b

c d
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bulk with many surgeons incorporating only one 
quarter to one-third of muscle’s diameter in the 
flap design. Partial excision of the buccal fat pad 
has also been employed to reduce midfacial full-
ness. The use of endoscopic assisted free muscle 
flap inset in facial reanimation surgery is another 
step in the effort to enhance the aesthetics of a 
procedure that is both functional and cosmetic in 
nature. Endoscopic assistance allows the surgery 

to be performed through a  preauricular incision 
with a concealed sideburn extension. This limited 
exposure avoids a potentially unsightly elonga-
tion of the incision into the neck and reduces the 
potential for hypertrophic scar formation in this 
cosmetically sensitive region. The ability to visu-
alize proper perioral suture fixation and avoid lat-
eral muscle  displacement is another significant 
benefit of the endoscopic assisted technique.

e f

g h

Fig. 33.10 (continued)
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33.3  Conclusion

Endoscopic assistance can be utilized to improve 
the cosmetic results of free muscle flap, smile 
restoration surgery. The technique allows the sur-
gery to be performed via a limited preauricular 
approach avoiding the traditional submandibular- 
cervical incision. Enhanced visualization also 
facilitates proper suture anchoring of the muscle 
flap to the orbicularis oris, avoiding unwanted 
lateral displacement and a malpositioned nasola-
bial fold. The superficial temporal artery and vein 
are the preferred recipient vessels. The microsur-
gical nerve repair is frequently performed before 
the microvascular anastomosis to accommodate 
for the reduced exposure.
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Free Muscle Transfer in Partial 
Facial Palsy

Eyal Gur, Daniel J. Kedar, and Ehud Fliss

34.1  Introduction

Facial paralysis ranges from complete to varying 
degrees of incomplete paralysis [1]. Patients with 
incomplete paralysis are characterized by some 
degree of facial mimetic function in the affected 
hemiface and can be subdivided according to eti-
ology, duration of paralysis, anatomical distribu-
tion and the degree of atrophy and synkinesis 
[1–3]. Bell’s palsy remains the most common 
cause for acquired facial paralysis and in approx-
imately 10–30% results in incomplete unilateral 
facial paralysis [4–6].

The main goals of facial paralysis reanimation 
procedures are to improve static and/or dynamic 
symmetry and function, specifically in the mid-
face zone thus enhancing the symmetry of the 
smile [7, 8]. Spontaneity of facial mimetic func-
tion is a highly important aspect of the recon-
struction goal.

The main risk in performing dynamic reani-
mation in incomplete paralysis cannot be stressed 
enough as it can result in damaging the existing 
facial mimetic function on the affected side [3, 4, 
7–9]. The clinically evident facial movement in 
the incompletely paretic hemiface indicates some 
active facial nerve axons and the presence of via-

ble facial muscle. Surgical manipulation of these 
anatomical structures may lead to worsening of 
the paralysis by injuring facial nerve branches 
and/or facial musculature. With that said, it has 
been reported that cross-face nerve grafting 
(CFNG) with end-to-end coaptation to the paretic 
facial nerve may be performed with minimal 
damage to the existing motor function [4]. A dis-
tal end-to-side coaptation was also presented in 
order to address this issue exactly with good 
results [7]. A one-stage mini-latissimus dorsi free 
muscle transfer with neural coaptation to a con-
tralateral facial nerve branch has also been 
reported [8].

We have recently published our experience 
with a one-stage free gracilis muscle transfer that 
involves neural coaptation to an ipsilateral buc-
cozygomatic residual branch of the paretic facial 
nerve [9]. According to this series of patients we 
recommend to consider using this method in 
patients with incomplete facial paralysis that 
present with any degree, even if minimal, of pre-
operative spontaneous ipsilateral mimetic func-
tion in the buccozygomatic region.

34.2  Etiology and Epidemiology

Etiologies for incomplete facial paralysis are 
mainly acquired. The causes include idiopathic 
causes, infection, trauma, iatrogenic injury, and 
neoplasms.
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Bell’s palsy remains the most common cause 
for acquired facial paralysis. Approximately one 
half of all acquired cases qualify for the diagnosis 
of “Bell’s palsy.” The annual incidence rate of 
Bell’s palsy is between 13 and 34 cases per 
100,000 population. There is no race, geographic, 
or gender predilection, but the risk is three times 
greater during pregnancy, especially in the third 
trimester or in the first postpartum week. Diabetes 
is present in about 5–10% of patients. On presen-
tation approximately one-third have an incom-
plete paralysis, and two-thirds have complete 
paralysis. The prognosis of Bell’s palsy is related 
to the severity of the lesion. A simple rule is that 
clinically incomplete lesions tend to recover: 
with regard to the House-Brackmann grading 
system, grades I and II have good outcomes, 
grades III and IV characterize moderate dysfunc-
tion, and grades V and VI portend a poor result. 
Approximately 10–30% results in incomplete 
unilateral facial paralysis.

Several other disorders should be considered 
in the differential diagnosis of incomplete 
acquired facial nerve palsy. Cholesteatoma or a 
neoplasm should be suspected if the onset of 
facial palsy is gradual. Neoplasms can either com-
press or invade the facial nerve along its course 
from the cerebellopontine angle to the parotid 
gland. The Melkersson–Rosenthal syndrome is 
characterized by facial paralysis, episodic facial 
swelling, and a fissured tongue, typically begin-
ning in adolescence but with recurrent episodes of 
facial palsy. Sarcoidosis should be considered, 
especially in patients with bilateral facial palsy. 
Severe systemic hypertension has been linked to 
unilateral primary facial nerve palsy in children 
and adolescents and rarely in adults. Hypertension 
should be suspected in a pediatric patient, if facial 
palsy is associated with headache, altered level of 
consciousness, vomiting, convulsions, or focal 
central nervous system deficit.

Congenital incomplete facial paralysis is rare. 
It may be isolated with the involvement of the 
facial nerve and its musculature only, or it may be 
part of a syndrome. It may be the result of devel-

opmental defects or of traumatic etiology (mainly 
forceps delivery). It is estimated that facial paral-
ysis occurs in 2% of live births. In distinguishing 
developmental from traumatic facial palsies in 
the perinatal period, some or complete recovery 
of function favors traumatic lesions.

34.3  Diagnosis and Patient 
Presentation

Incomplete facial paralysis is defined as a state of 
facial paralysis that involves any degree of volun-
tary and/or spontaneous movement of the affected 
hemiface [3, 9]. This movement may be second-
ary to native axons that were uninjured in the pre-
vious facial nerve insult or may represent partial 
and unorganized axonal regeneration that takes 
place in the recovery of the injured facial nerve. 
Patients with incomplete facial paralysis are usu-
ally characterized by fair static symmetry and 
tone however with obvious dynamic asymmetry 
and in some patients, synkinesis and facial 
spasms (Fig. 34.1a, b) [6, 7, 8, 10]. Pattern and 
extent of dynamic asymmetry is determined by 
the etiology and mechanism of facial nerve injury 
as well as duration of paralysis and many other 
factors. Thus the clinical presentation is highly 
variable.

A thorough medical interview and physical 
examination is performed. Age, general medical 
condition and comorbidities, etiology of paraly-
sis and duration, specific facial paralysis com-
plaints (i.e., dry eye symptoms or epiphora, 
difficulty in mastication and intra-oral food pro-
pulsion, drooling, etc.) all have a roll in the 
reconstructive decision-making. Patient’s chief 
complaint and expectations are discussed. 
Physical examination involves assessment of the 
five divisions of the paretic facial nerve as well as 
the muscles of mastication and possible donor 
muscles. At physical assessment one should 
notice is there is a major hypertonicity or hyper 
spasticity in the affected side a phenomena that 
may impair the reconstructive end point.

E. Gur et al.
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a b

c d

Fig. 34.1 4 year-old male patient with congenital right 
incomplete facial paralysis. Note fair symmetry at rest (a) 
and mild ipsilateral nasolabial fold and lateral lip eleva-
tion on attempt to smile (b). The ipsilateral facial nerve 

branch responsible for this residual movement (a, b) was 
used and coapted to the gracilis motor nerve. Note 
improved symmetry at rest and while smiling (c, d)

34 Free Muscle Transfer in Partial Facial Palsy
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34.4  Patient Selection

Patients suitable for reanimation using the ipsi-
lateral buccozygomatic residual facial nerve 
branch are those who present with incomplete 
facial paralysis characterized by any degree of 
spontaneous movement, even if minimal, in the 
ipsilateral buccozygomatic region. This may 
include mild nasolabial fold motion, movement 
of the muscle over the zygomatic arch with no 
motion of any perioral structure, minimal com-
missure excursion, mild upper lateral lip eleva-
tion or twitch of the modiolus. We hypothesize 
that this movement is due to the presence of some 
active native axons of the facial nerve and active 
facial muscle/s. The movement they produce may 
be clinically ineffective, probably due to unorga-
nized and partial regeneration and the fact that 
they innervate small and atrophic motor units. 
Spastic or hypertonic incomplete facial paralysis 
patients may benefit from this procedure as well 
as long as adjunct procedures are performed such 
as botulinum toxin injections and/or selective 
neurectomy or myomectomy.

34.5  Operative Techniques

Various authors have presented their experience 
with treating patients with complete and incom-
plete paralysis that were treated as a single cohort. 
Thus there are many publications in which 
patients with incomplete paralysis were treated 
with the wide range of reconstructive options used 
for treating complete facial paralysis. These 
include static procedures as well as dynamic rean-
imation procedures including temporalis muscle 
transfer, masseteric-to-facial and hypoglossal-to-
facial nerve transposition and autogeneous fascia 
lata transfer [5, 6, 9, 11, 12]. Cross-face nerve 
grafting, with or without the use of a free muscle 
transfer, has been reported as a safe and reliable 
method for facial reanimation in incomplete facial 
paralysis [3, 4, 7, 9, 10, 13–15].

Several authors have addressed the subgroup 
of patients with incomplete facial paralysis only 
with the intention to produce specialized proce-
dures for these patients. Hontanilla et  al. [6] 

assessed the efficacy of masseteric to facial nerve 
transposition in patients with incomplete facial 
paralysis. A series of nine patients is presented. 
Coaptation in all cases was performed between 
the nerve to masseter and an ipsilateral buccozy-
gomatic branch that intraoperatively produced 
commissure excursion. As stated by the authors, 
the main disadvantage of this approach is the 
issue of movement dissociation and lack of a 
spontaneous smile. Outcome was assessed using 
the FACIAL CLIMA software that showed 
improvement of both commissural excursion and 
velocity of greater than 75% in six patients, 
greater than 50% in two patients, and less than 
50% in one patient. Patient satisfaction was posi-
tive in the majority of patients while two patients 
reported no apparent improvement following sur-
gery. Frey et al. [7] presented their approach for 
treating incomplete facial paralysis by coapting a 
contralateral active buccozygomatic facial nerve 
branch to an ipsilateral partially active buccozy-
gomatic facial nerve branch using a sural 
CFNG.  This approach does not involve a free 
muscle transfer. The nerve graft is coapted end- 
to- end on the healthy side and end-to-side on the 
paretic side via an epineural window. Axons are 
thought to regenerate along the CFNG and enter 
the distal part of the partially paretic facial nerve 
branch. The partially active nerve’s axons are left 
intact as coaptation is performed by an epineural 
window. Spontaneous facial mimetic function is 
therefore enhanced while damage of the axons on 
the partially paretic facial nerve branch is mini-
mized. The series included seven patients; three 
of them underwent 3D video symmetry assess-
ment and are presented in the chapter. Results 
showed improved static and dynamic symmetry 
with what the authors call a functional upgrade of 
facial mimetic function in the incompletely para-
lyzed hemiface. Takushima et al. [8] reported a 
one-stage free mini-latissimus dorsi muscle 
transfer with neural coaptation to a contralateral 
facial nerve branch in patients with incomplete 
paralysis. Ipsilateral facial nerve branches are left 
untouched in order to avoid damage to the exist-
ing motion. The authors present a series of 96 
patients. Mild worsening of the paralysis was 
noted in three cases, all of which resolved back to 
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baseline within several months. Clinical outcome 
was assessed using a local grading scale that 
includes subjective symmetry score combined 
with EMG results. The authors present good 
postoperative symmetry scores (grades 4 or 5 in 
the local evaluation criteria used) in the majority 
of patients of the cohort. There were no cases of 
long-term worsening of paralysis. Advantages of 
this method include that it is a one-stage proce-
dure, low complication and revision rate and its 
use of a free muscle transfer that provides a mus-
cle source for modiolus pull. Of note, the authors 
do not mention any input regarding spontaneity 
of movement.

We have recently published our experience 
with a novel facial reanimation approach 
designed for patients with incomplete facial 
paralysis that present with residual ineffective 
movement in the midface zone of the paralyzed 
hemiface [9]. This includes using an ipsilateral 
minimally active buccozygomatic facial nerve 
branch as the donor nerve in a one-stage free 
gracilis muscle transfer (Fig. 34.2). The gracilis 
muscle is harvested with its neurovascular pedi-
cle through a longitudinal incision in the medial 
thigh. Approximately one-third of the muscle 
width is used. Length and bulk of the muscle is 
determined intraoperatively according to the 
patient’s size and proportions. Simultaneously, a 
preauricular face-lift incision is performed in the 
partially paralyzed hemiface. Dissection is per-
formed in the supra-SMAS plane and deepens to 
the masseter fascia at the anterior border of the 
parotid gland, directed medially until facial nerve 
branches are identified emerging from the gland 
under the masseter fascia. At this stage, a meticu-
lous functional mapping of the ipsilateral FN 
branches is performed using a nerve stimulator. 
The buccozygomatic branches responsible for 
the preoperative movement are identified. It is 
critical to identify the branches that create the 
exact movement that was evident clinically to 
activate the gracilis flap that eventually will cre-
ate a spontaneous smile.

It is important to stress that in many times the 
muscle excursion that will be created by a nerve 
stimulator will be stronger than clinically evident 
at pre op clinical assessment. There are usually 

more than one such buccozygomatic branch thus 
elimination of the original motion is avoided 
when one of these branches is chosen to become 
the donor nerve for the gracilis flap and is divided. 
This branch will undergo neural coaptation to the 
gracilis motor nerve.

It is of utmost importance to make all efforts 
in order to identify more than one residual buc-
cozygomatic branch in order to leave at least one 
intact branch thus the chance of worsening the 
preoperative residual function is minimized. In 
cases when only one residual buccozygomatic 
branch is identified, efforts are made to preserve 
its function on the native facial musculature by 
splitting it longitudinally and one half will be 
used as a donor nerve for the gracilis flap. The 
reminder of the fascicles is left uninterrupted in 
the native nerve sheath. In this case, the gracilis 

Fig. 34.2 Illustration of the one-stage free gracilis 
muscle transfer with neural coaptation to an ipsilateral 
residual buccozygomatic facial nerve branch in right 
sided incomplete facial paralysis. One of the residual 
branches is utilized leaving at least one branch intact. 
The gracilis’s vascular pedicle is preferably anasto-
mosed to the superficial temporal artery and vein. Used 
with permission from Wolters Kluwer Health, Inc.: Gur 
E, Zuker RM, Zaretski A, Leshem D, Barnea Y, Arad E, 
Yanko R, Meilik B, Kedar DJ, Fliss E. Incomplete facial 
paralysis: The use of the ipsilateral residual facial nerve 
as a donor nerve for facial reanimation. Plast Reconstr 
Surg, 2018 Jul;142(1):202-214. doi: https://doi.
org/10.1097/PRS.0000000000004536
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motor nerve is incised longitudinally leaving two 
split ends. End-to-end coaptation is then per-
formed between the split end of the donor nerve 
and one of the free split ends of the gracilis motor 
nerve. The other split end of the gracilis motor 
nerve is coapted by end-to-side to the remaining 
fascicles of the buccozygomatic nerve that was 
left uninterrupted.

The gracilis flap is inset according to the stan-
dard procedure from the modiolus to the superfi-
cial temporal fascia. Vascular anastomoses are 
preferably performed between the flap pedicle 
and the ipsilateral superficial temporal vessels 
however the facial vessels may also be used. 
Chosing the superficial temporal system is sug-
gested in order to avoid dissection of the lower 
facial zone if it not necessary and thus reduce 
buccal or marginal mandibular nerve injury (if 
still present). The face-lift incision is sutured and 
a penrose drain is left, the donor area is closed 
and a drain is left. Elastic bandage is placed on 
the donor leg. Postoperative care includes avoid-
ing pressure on the operated cheek from the bed 
or pillow or from staff or patient manipulation by 
placing a curved hard splint from the oral com-
missure to the temporal scalp, pain management, 
regular hydration and diet, early mobilization, 
and respiratory physiotherapy. The penrose drain 
is removed prior to discharge and the thigh drain 
is removed according to amount of discharge. 
First follow-up visit is set to 1 week following 
discharge where the cheek splint is removed.

34.6  Outcome and Complications

We have published our experience with the 
above-described method in a series of 16 patients 
[9]. Our cohort included a majority of women 
with a mean age of 26.2 years (range 5–59 years). 
Patients were heterogeneous regarding the etiol-
ogy of paralysis with the most common cause 
being iatrogenic paralysis following resection of 
head and neck tumors or other facial surgery. 
Mean interval between palsy onset and surgery 
was 11.2 years (range 1–49 years) and patients 
were followed for a mean period of 88.3 months 
(range 16–132 months). Following surgery, mean 

interval to first muscle flap motion was docu-
mented in seven patients and was 2.8  months 
(range 1–6 months).

In order to assess the procedures efficacy, we 
have conducted a subjective analysis of static 
and dynamic symmetry following surgery in 11 
of the 16 patients of the cohort. This included a 
group of 21 reviewers who gave symmetry 
scores for three facial zones (eye region, nasola-
bial fold region, mouth region) at rest and while 
smiling and another score for global symmetry 
of the face while smiling. The former were 
assessed according to still photos and the latter 
according to videos of the patients smiling. All 
scores were given for pre- and postoperative 
photos and videos. These scores were later sub-
tracted (postoperative score–preoperative score) 
in order to produce a delta value that represents 
the clinical change following surgery for the 
various anatomical zones at rest and while smil-
ing. Statistically significant results demonstrated 
that in the majority of observations, no clinical 
apparent change was seen following surgery in 
the eye region at rest and while smiling and in 
the nasolabial fold region at rest. Improved sym-
metry was noted in the majority of observations 
in the nasolabial fold while smiling and in the 
mouth region at rest and while smiling. These 
findings demonstrate that this procedure posi-
tively affects the midface zone while not harm-
ing other facial zones (Figs. 34.1, 34.3 and 34.4). 
Global symmetry of the face on dynamic video 
assessment was also improved in the majority of 
patients (Table 34.1).

There were a minority of observations that 
demonstrated downgrading of symmetry follow-
ing surgery. After reviewing the photos and vid-
eos of the cases we concluded that symmetry was 
interrupted mainly at rest but also in a small per-
centage of dynamic assessments. It seems this is 
mainly secondary to the gracilis flap’s presence 
in the affected hemiface which may produce an 
abnormal appearing bulkiness. Moreover, in 
some cases the pulling vector of the gracilis flap 
produced some lateral movement that may by 
itself impair dynamic symmetry at the midface. 
These findings can be improved with secondary 
static procedures.
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a b

c d

Fig. 34.3 Pre- and postoperative photos at rest and 
while smiling of a 43  year-old patient who presented 
with incomplete left facial paralysis secondary to Bell’s 
palsy (a, b). Surgery was performed 25 years following 
palsy onset. Note mild upward and lateral movement of 
the ipsilateral lateral lip on attempt to smile (c, d). Used 
with permission from Wolters Kluwer Health, Inc.: Gur 

E, Zuker RM, Zaretski A, Leshem D, Barnea Y, Arad E, 
Yanko R, Meilik B, Kedar DJ, Fliss E. Incomplete facial 
paralysis: The use of the ipsilateral residual facial nerve 
as a donor nerve for facial reanimation. Plast Reconstr 
Surg, 2018 Jul;142(1):202-214. https://doi.org/10.1097/
PRS.0000000000004536
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In our series, there were no cases of major 
complications (partial or complete flap necrosis, 
flap loss, flap congestion, hemorrhage, or any 
complication requiring urgent revision surgery). 
In four patients, minor complications were noted 
(mild surgical site infection with mild wound 

dehiscence), all of which resolved with conserva-
tive measures. There were no cases of marginal 
mandibular nerve injury. Ten patients (62%) 
underwent secondary static procedures for fine- 
tuning of the aesthetic result. These included scar 
revision, fat injection, fat suction, adhesiolysis, 

a b

c d

Fig. 34.4 Pre- and postoperative photos at rest and while 
smiling of a 19 year-old with left incomplete right facial 
paralysis secondary to traumatic injury at early childhood. 

Surgery was performed 16 years palsy onset. Note mini-
mal movement of the nasolabial fold on attempt to smile 
(b)

E. Gur et al.
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and gracilis flap re-anchoring. One patient (6%) 
showed mainly static improvement of facial sym-
metry with only minimal dynamic improvement 
after 14  months of follow-up. On clinical 
 examination, the gracilis flap did contract how-
ever the facial movement it produced was weak 
and non- significant. Revision surgery was 
decided upon and during surgery the gracilis flap 
seemed viable however its motor nerve under-
went atrophy. After retrospective inspection of 
the case, we could not find the reason for this 
course. During surgery, cross-face nerve grafting 
was performed with direct neurotization of the 
gracilis flap.

34.7  Conclusions and Future 
Study

Incomplete facial paralysis is the common form 
of facial paralysis. It includes a wide range of 
facial static and dynamic abnormalities with a 
highly heterogeneous clinical picture. According 
to current literature, incomplete paralysis is gen-

erally treated with the same treatment algorithm 
as complete facial paralysis. Several publications 
however did address this entity with the aim of 
refining the reconstructive approach. Here we 
present our experience with a one stage proce-
dure designed specifically for patients with 
incomplete facial paralysis who present with any 
degree of spontaneous movement in the midface. 
This involves a one-stage free gracilis muscle 
transfer with neural coaptation to an ipsilateral, 
residually, partially active buccozygomatic 
branch of the paretic facial nerve. It is under 
debate whether the facial motion weakness is to 
be attributed to defective facial nerve growth or 
to facial muscle weakness and atrophy. The sug-
gested procedure overcomes those two options 
by using the remaining normal facial nerve axons 
to stimulate a whole new and strong muscle that 
is transferred to the paralyzed face. Advantages 
of this procedure are that it is a safe and effective 
one-stage procedure, coaptation to an ipsilateral 
facial nerve branch allows for a spontaneous 
smile, using the gracilis flap provides a strong 
source for commissure excursion and in case no 

Table 34.1 Comparison of mean pre- and postoperative facial symmetry scores for all observations, according to 
media category and anatomical zonea

Preoperative mean facial 
symmetry score (± Std. 
deviation)

Postoperative mean facial 
symmetry score (± Std. 
deviation) P value

Mean delta 
(post-op to  
pre-op)

Static symmetry, eye 4.02 (±0.96) 4.27 (±0.77) < 0.001 +0.24
At rest
Static symmetry, NLFb 3.32 (±1.03) 3.77 (±0.88) < 0.001 +0.44
At rest
Static symmetry, mouth 2.78 (±1.13) 3.90 (±0.92) < 0.001 +1.12
At rest
Static symmetry, eye 3.42 (±1.22) 3.93 (±0.91) < 0.001 +0.51
While smiling
Static symmetry, NLFb 2.90 (±0.86) 3.68 (0.82) < 0.001 +0.78
While smiling
Static symmetry, mouth 2.13 (±0.80) 3.73 (±0.84) < 0.001 +1.60
While smiling
Dynamic symmetry 1.93 (±0.78) 3.61 (±0.85) < 0.001 +1.68
While smiling

Used with permission from Wolters Kluwer Health, Inc.: Gur E, Zuker RM, Zaretski A, Leshem D, Barnea Y, Arad E, 
Yanko R, Meilik B, Kedar DJ, Fliss E. Incomplete facial paralysis: The use of the ipsilateral residual facial nerve as a 
donor nerve for facial reanimation. Plast Reconstr Surg, 2018;142(1):202-214. doi: https://doi.org/10.1097/
PRS.0000000000004536
aStatic symmetry refers to still photograph assessment; Dynamic symmetry refers to video assessment
bNLF—Nasolabial fold

34 Free Muscle Transfer in Partial Facial Palsy

https://doi.org/10.1097/PRS.0000000000004536
https://doi.org/10.1097/PRS.0000000000004536


364

movement is identified postoperatively, salvage 
procedures are still possible with cross-face nerve 
grafting. Results in our cohort are promising and 
the procedure has proved to be safe and effica-
cious in this specific sub-group of patients.

34.8  Pearls and Pitfalls

• Contraindications.
 – Non-spontaneous–only intentional facial 

motion or residual smile production.
 – Severely spastic incomplete facial 

paralysis.
 – Recent progression of the paresis or a his-

tory of a recent gradual onset of facial 
paralysis.

 – Incomplete resection of a brain tumor (as 
cause of paralysis), with an evidence of 
slow progression of the tumor.

 – Medical status not permitting long 
anesthesia.

 – Major depression and/or doubt that the 
patient understands the nature of the proce-
dure and its targets.

 – Unrealistic expectations.
• Special preoperative considerations

 – Be sure that there is a residual facial motion 
that is spontaneous (not an eye closure 
motion).

 – Assess whether there is synkinesis or 
hypertonicity on the affected side.

 – Assure that the patient understands the 
nature of those long procedures and the 
long time lag until the final result shows. 
Assure reasonable expectations of the final 
results.

• Special intraoperative considerations:
• Assure that the selected branch does not play 

a major role in orbicularis oculi action.
• Identify more than one residual buccozygo-

matic branch in order to leave at least one 
intact branch thus the chance of worsening 
the preoperative residual function is 
minimized.

• In cases when only one residual buccozygo-
matic branch is identified, the nerve is not 
divided but first dissected longitudinally, split 
and followed by partial transection leaving a 
free end that includes part of the nerve fasci-
cles. The reminder of the fascicles is left unin-
terrupted in the native nerve sheath. The 
gracilis motor nerve is also split and an end- 
to- end coaptation is performed between the 
split end of the donor nerve and one of the free 
split ends of the gracilis motor nerve. The 
other split end of the gracilis motor nerve is 
coapted by end-to-side coaptation to the 
remaining fascicles of the buccozygomatic 
nerve that were left uninterrupted.

• Regarding the gracilis muscle—treat the mus-
cle gently and preserve its epimysium. Tailor 
the muscle to be transferred, to make it as thin, 
gentle, and long as possible and needed, while 
not compromising the neurovascular pedicle 
that penetrates it. Verify muscle contraction 
after nerve transection, by nerve stimulation 
on the side table.

• Place the muscle obliquely from the modiolus 
to the superficial temporal fascia superior to 
the auricle.

• Vascular anastomoses are preferably per-
formed between the flap pedicle and the ipsi-
lateral superficial temporal vessels. This is in 
order to avoid dissection of the lower facial 
zone and thus reduce other residual nerves 
injury.

• Special postoperative considerations:
 – Immediate extubation, de-catheterization, 

and operated cheek stenting for protection.
 – Admit the patient to a step down unit for 

24 h after surgery.
 – Protect the operated cheek by attaching 

worning sticker to the cheek and place the 
designated splint.

 – When motion starts, several months after 
the procedure, the patient should practice 
daily, in front of a mirror, to strengthen the 
muscle action and create more symmetry 
with the healthy side smile.
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Gracilis Insetting Under SMAS 
in Smile Reanimation

Tae suk Oh and Min Ji Kim

35.1  Introduction

Facial reanimation surgery with free flap has 
been a mainstream in this field. Various tech-
niques that include various neurorraphy tech-
niques and various donor motor nerve harvest 
techniques recently developed and this area had 
remarkable activities. We expected developing 
nerve regeneration through nerve and muscle 
harvest which can progressly acquire smiling in 
facial palsy patients. Motor neuron regeneration 
and axonal guidance are the main source in surgi-
cal facial reanimation [1]. However, even though 
powerful FFMT has shown improved facial smile 
excursion compared to previous trials, we 
couldn’t get same degree of muscle power with 
healthy side [2]. Even successful facial reanima-
tion surgery what we can call “spontaneous 
smile,” does not represent that exact same degree 
of smiling in both oral commissure. We must 
concede that this is true inevitability.

To obtain objectively same smiling in FFMT 
against remaining weakness in symmetry, we need 
to focus “Facial rejuvenation” concept. In unilat-
eral facial palsy patients, we could find some 
unique characteristics in affected side; Brow 
decent, facial soft tissue decent, absent of nasola-
bial fold and deep jowl formation [3]. The uni-face 
morphology resembles aging result in mid age. 
What I suggest the concept of “dynamic rejuvena-
tion” is the more advanced definition that ranges 
over FFMT with facelift. Aesthetic approach 

T. s. Oh (*) · M. J. Kim 
Plastic and Reconstructive Surgery, Seoul Asan 
Medical Center, Seoul, South Korea
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Key Points
• Facial palsy affected side has unique 

soft tissue characteristic, seems like 
aging appearance.

• Dynamic rejuvenation is a functional 
free muscle transfer (FFMT) with super-
ficial muscoloaponeurotic system 
(SMAS) utilization in facial reanima-
tion surgery.

• This can make up some limitation in 
powerful FFMT and could get good aes-
thetic advantage.

• A mirrored nasolabial fold reset from 
healthy side to affected side is the key 
procedure in harvested gracilis flap 
insetting.

• A starting from dissecting an extended 
SMAS flap elevation, gracilis passing 
through tunnel under SMAS toward 
nasolabial fold then finally do SMAS 
fixation suprolaterally has same effect 
with facelift.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50784-8_35&domain=pdf
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through SMAS utilization in facial reanimation is 
the key to obtain symmetrical soft tissue smiling. 
Biglioli et  al. reported his experience: all of the 
patients in the group who had deep plane lift with 
free flap surgery in facial reanimation surgery has 
showed immediate symmetry in rest, compared to 
the patients who underwent only free flap surgery. 
In 24 months later follow up, they showed 44.5% 
patients who has Terzis and Noah grade 5 result 
which is excellent that has symmetrical smile with 
teeth showing, compared to the other group has 
only 28.6% [4]. This dynamic rejuvenation con-
cept helps to improve the final static result with 
more dynamic facial reanimation.

35.2  Advantage of Dynamic 
Rejuvenation

Application of facial rejuvenation in facial reani-
mation is starting from harvest flap inset under 
SMAS.  SMAS flap elevation is the anatomical 
safe area in dissection for experienced surgeon. 
We could minimize destroying normal structure 
even in paralyzed side. In case of incomplete 
facial palsy, we need to be careful to not avoid 
remnant facial nerve injury and this technique is 
a much safer approach than timid subcutaneous 
dissection. The greatest thing in SMAS flap ele-
vation is restoring more surrounding tissue; it 
could get to minimize its risk at edema or hema-
toma. This advantage let patients get early recov-
ery after long time free flap reanimation 
operation. Regarding how to manage SMAS flap, 
we could get effectively facelift aesthetic out-
come as well. This acquiring soft tissue lifting 
technique can solve limitation in powerful FFMT 
that suggested so far (Fig. 35.1).

35.3  Vectors of Facial Symmetry 
in Smile Reanimation 
with SMAS

Understanding of SMAS vector influence in facial 
symmetry is important. This is the mechanical 
property of SMAS flap that repositioning can 
affect postoperative facial contouring with sym-
metry in facial reanimation. Vertical vector reposi-

tioning provides larger amount of fat enhancement 
toward malar eminence and also it is possible to 
deepen cervicomental legion. It makes patients to 
be more tapered and have thinner appearance. In 
paralyzed side often present as bulky, loosened 
soft tissue in lower cheek, shallow malar lesion 
thus this vector can be effectively corrected. 
Oblique vector repositioning makes relatively 
lesser volume in malar lesion but larger volume in 
submalar lesion. In some patients who have buccal 
fat lacking, this vector can be helpful.

35.4  Operative Procedure

35.4.1  Skin Flap Elevation

I prefer to dissect an extended SMAS flap. Rather 
than using subcutaneous undermining, we need 
to precise dissection with leaving proper amount 

Fig. 35.1 Preoperative flap design. Identification of 
recipient vessel with hand held Doppler and semicircular 
design of new nasolabial fold and measure how we need 
to harvest muscle
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fat in above side of SMAS flap. Lack of fat tissue 
in elevated flap makes difficult dissection and 
tear. Acquired facial contouring can be managed 
through manipulation of SMAS elevation and 
fixation. Adding to effectiveness of nerve regen-
eration using free gracilis flap, this aesthetic out-
come helps in providing a more sustainable 
appearance (Fig. 35.2) [5].

35.4.2  SMAS Elevation

An incision begins from 1  cm inferior to the 
zygomatic arch to ensure frontal branch preserva-
tion. In horizontal perspective, incision is contin-
ued to the area where zygomatic arch became 
zygoma body. Then proceeded superiorly 3–4 cm 
toward the lateral canthus. When sensate reach-
ing lateral orbit, the incision changes the way 
inferiorly at 90° angle toward nasolabial fold. In 
vertical perspective, incision is continued along 
the passing way preauricular to plastysma to a 
point 5–6  cm below the mandibular border 
(Fig. 35.3).

35.4.3  Nasolabial Fold Reset

An affected palsy side has characteristics of soft 
tissue drooping and decreased muscle tone. 
Gracilis flap inset and nerve coaptation can effec-
tively recovery of facial reanimation. However, 
for obtaining more effective powerful muscle 
action, we need to manage soft tissue. The one 

Fig. 35.2 Intraoperative SMAS excision design. An inci-
sion begins from 1 cm inferior to the zygomatic arch and 
proceeded superiorly 3–4  cm toward the lateral canthus 
and inferiorly at 90° angle toward nasolabial fold

SMAS flap

Gracilis

Fig. 35.3 Illustration 1
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way I prefer is make new nasolabial fold in 
affected side. Before general anesthesia induc-
tion, we can flip over against healthy side nasola-
bial fold into affected side over using bendable 
slender wire in sitting position. After marking 
this mirrored nasolabial fold in resting face, mid 
cheek soft tissue can be lifted up then put down 
by hand. Then we can additional marking for new 
nasolabial fold as smile face. This semicircular 
shape design is proceeded with de-epithelization. 

Then incision was made from the lateral side and 
then dissect into medial side. Then this elevated 
dermal flap can be mobilized therefore this flap 
can be hanged toward up/lateral side. After clo-
sure of dermal flap, we could find there is visual-
ized as new nasolabial fold medially in affected 
side and repositioned laterally lay soft tissue 
looks more bulky and upward lifting. A newly 
made nasolabial fold can help to being a more 
natural and spontaneous smile (Fig. 35.4).

Fig. 35.4 Illustration 2
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35.4.4  Tunnelling Under SMAS

What I mentioned above making new nasolabial 
fold, after elevating semicircular dermal flap, the 
face lift incision can be extended toward this inci-
sion. Then there can be made tunnelling through 
lateral ear helix to new nasolabial fold. This tunnel-
ling dissection should be made under SMAS flap.

35.4.5  Gracilis Insetting

An initially harvested gracilis can be split and 
anterior part of the muscle is used. Depending on 
patient’s requiring amount of muscle, it can be 
manipulated once confirm the way of vascular 
pedicle. This gracilis passes through tunnel under 
SMAS toward nasolabial fold. Finally, lateral 
portion of the gracilis muscle was fixed at the 
periosteum of the lateral zygomatic bone then 
medial end to be placing of the modiolus about 
lip. An each connecting junction is sutured with 
mattress suture. Attaching around lip part, we 
need to carefully inset proper position that each 
muscle fiber should be laid over paralyzed orbi-
cularis oris and below the oral commissure and 
along the lip. I prefer insetting muscle first then 
vessel anastomosis later and nerve coaptation 
finally (Fig. 35.5).

35.4.6  SMAS Fixation

An elevated SMAS flap is repositioned superi-
orly, laterally, and perpendicular to the mandibu-
lar border. Medial direction of SMAS lifting 
makes newly deepend nasolabial fold. Rotated 
SMAS can be secured with multiple interrupted 
sutures. After proper setting of SMAS flap, fol-
low trimming will be needed for resuspension to 
avoid irregularity or skin dimpling. Then SMAS 
overlying in preauricular region can be incised 
then transpositioned behind the ear. This can help 
restoring mandible border to mental region con-
touring (Fig. 35.6).

Fig. 35.5 Intraoperative photography. Elevated nasola-
bial fold dermal flap is readymade for lifting and har-
vested gracilis muscle and there seen overlying sural 
nerve for cross face nerve graft

Fig. 35.6 Intraoperative photography. This is the imme-
diate completion of SMAS plication, there shown gracilis 
insetted status under SMAS tunnelling. Newly made 
nasolabial fold can be seen symmetrically and inset graci-
lis and SMAS plication make lift mid cheek

35 Gracilis Insetting Under SMAS in Smile Reanimation
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35.5  One-Stage Surgery 
with Double 
Innervated FFMT

My preference is double innervated FFMT with 
gracilis. With standard method, average 
10  ×  5  cm sized muscle flap harvested with 
enough length of obturator nerve, medial femoral 
circumflex artery and vein. Facial artery and vein 
should be prepared as recipient vessel before 
muscle separation. A massector nerve can be 
found in the masseter muscle below the zygo-
matic arch. The harvest obturator nerve can con-

nected to massector nerve in end-to-end fashion. 
For more powerful spontaneous smiling, we need 
to one more motor source from healthy side. 
Incision is made at Zuker’s point in unaffected 
side, then buccal branch of facial nerve can be 
found with clue as zygomaticus activity using 
nerve stimulation. Harvested sural nerve over 
than usually 18cmm coapted one side with 
healthy buccal branch with end-to-end fashion. 
The other side of sural nerve is overlying toward 
affected side then coapted with harvested obtura-
tor nerve from gracilis muscle in end-to-side 
fashion (Figs. 35.7 and 35.8).

Massector nerve

End to End

End to side

Cross face
nerve graft
with sural
nerve

Fig. 35.7 Illustration 8
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Fig. 35.8 A 53-year-old patient, abruptly gets right 
incomplete bell’s palsy 23 years ago. She underwent dou-
ble powered functional gracilis muscle transfer with naso-
labial fold formation. (Left) Preoperative photography in 

smile position and (Right) Postoperative photography 
in smile position in 1 year. Good symmetry smile rest and 
smile
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Fascicular Turnover Flap for Facial 
Nerve Gaps and Nerve Transfer 
for Trigeminal Palsy
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Nerve gaps are usually repaired with nonvas-
cularized nerve graft. However, the postoperative 
results are in limited level. Meanwhile, it is docu-
mented that vascularized nerve grafts have a 
potential of rapid axonal sprouting of regenerat-
ing axons even in cases with poorly vascularized 
beds and long nerve gaps [1–11]. In the periph-
eral nerve, it is well documented that fascicles 
have rich microvascular vessels [12]. Recent 
supermicrosurgical techniques made an accurate 
coaptation of single nerve fascicle possible with a 
50 μm needle. Therefore, vascularized single fas-
cicular flap to reconnect a nerve gap can be 
expected to have an excellent nerve recovery as 
in an island vascularized skin flap for skin defect.

With the introduction of these concepts on 
micro-vascularization and fascicular suture, we 
developed a new method for repairing nerve 
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Key Points
A new method “fascicular turnover 
method” using vascularized fascicular flap 
is used for repairing nerve gaps. The advan-
tages are: no need for sacrificing a normal 
donor nerve and short-time operation. 
Digital nerve gaps can be repaired under a 

local anesthesia. Fascicular flap is a vascu-
larized nerve flap and can be expected 
excellent nerve regeneration even in cases 
with longer nerve gap and scarred recipient 
bed. It is a simple and short-time operation 
compared to free nonvascularized and vas-
cularized nerve graftings. In addition, there 
is no functional loss resulted from sacri-
ficed fascicle in the operated area. The dis-
advantage is a need for supramicrosurgical 
technique using 50 μm needle.
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gaps: “fascicular flap turn over method.” In this 
paper, we describe two cases using this method 
for digital and facial nerve gaps.

36.1  Operative Techniques

Under an operating microscope, a nerve gap is 
confirmed and the proximal and distal neuromas 
are resected. Thereafter, using a sharp and small 
knife or microscissors, a single fascicle is split 
from the other fascicles of the proximal or the 
distal nerve trunks. Anatomically, it is well 
established that a nerve trunk has a micro-plexi-
form structure composed with fascicles: Each 
fascicle is connected with many tiny communi-
cating branches through which nerve sprouting 

could be possible (Fig.  36.1). Therefore, the 
nearest communicating branches to the gap are 
preserved to accept sprouting axons and pass 
distally toward the nerve endings after surgery. 
The splitted single fascicle is turned over the 
nerve gap to reach the contralateral nerve end 
without tension. Suture of the fascicular flap and 
contralateral nerve end is achieved with four to 
six stitches using 11-0 or 12-0 nylon with 80 or 
50 μm needle.

Nerve gaps less than 20  mm could be con-
nected with a fascicular turn over flap from either 
side of the proximal or distal stump of the gap. 
Nerve gaps over 20  mm can be bridged with 
bilateral turn over flaps from both the proximal 
and distal nerve stumps and sutured to join the 
middle portion of the gap (Fig. 36.1).

a

Fig. 36.1 (a) Case 3. A 30-year-old woman lost sensation 
on the ulnar side of the right thumb after injury. (b) Left, 
Bilateral turnover flaps were joined at the middle portion 
of the defect of 20 mm; Center, Schema of nerve repair; 
Right, Nerve anastomosis with 12-0 (50 μm) needle; (c) 
Postoperative sensory recovery at 6 months (left, Tinel’s 

sign was in the proximal phalanx), 10 weeks (center, Tinel 
is at the tip, SW value was 3.61, m2PD was 7 mm), and 
4 months (right, SW was 3.61, m2PD was 5 mm) after sur-
gery (Koshima I, Narushima M, Mihara M, Uchida G, 
Nakagawa M.  Fascicular turnover flap for nerve gaps. J 
Plast Reconstr Aesthet Surg. 63(6):1008–14, 2010)

I. Koshima et al.
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Fig. 36.1 (continued)
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36.2 Case Reports

36.2.1  Fascicular Turnover Flap

36.2.1.1  Case 1 30y Double Fascicular 
Flaps from the Both Digital 
Nerve Stump

A 30-year-old woman had injured the ulnar side 
of her right thumb at the base of proximal pha-
lanx. Ten months later, she complained of sensory 
loss on ulnar side of the thumb, severe tenderness 
with which she could not grasp an object, disabil-
ity of removing a bottle cap, and no sensory 
recovery after injury. Preoperative Semmes-
Weinstein (SW) value was 4.17, and moving two-
point discrimination (m2PD) was over 30 mm.

The surgery was started with a zigzag incision 
on the ulnar aspect of the proximal phalanx. 
There were ulnar digital neuromas at the both 
transected digital nerve ends. The nerve gap was 
20 mm in length. Fascicular turn over flaps were 
elevated from the both the digital nerve stumps, 
and connected directly.

Postoperatively, the sensory recovery was 
smooth, the Tinel’s sign was in the proximal pha-
lanx at 6 weeks, and it was at the tip at 10 weeks 
(SW value was 3.61, m2PD was 7  mm). Four 
months after surgery, SW was 3.61, m2PD was 
5 mm. Six months later, the SW value on the dis-
tal pulp was 3.22, and the m2PD was 6 mm. The 
patient could remove a bottle cap without any 
tenderness (Fig. 36.1).

36.2.1.2  Case 2 65y Fascicular Turn 
Over Flap for Facial 
Nerve Gap

A 65-year-old woman had a large parotid tumor, 
pleomorphic adenoma, for 20 years. During the 
tumor resection, main feeding arteries from both 
the left facial and superficial temporal artery 
were ligated to transect. As the parotid duct and 
buccal branches were widely involved in the 
tumor, the buccal branches were sacrificed from 
just distal from their proximal division of facial 

nerve. As a result, only the zygomatic and mar-
ginal mandibular branches were preserved. 
Therefore, the distal portion of the superficial 
musculoaponeurotic fascia was lifted up to 
decrease a gap of main buccal branch. The nerve 
gap was finally 30 mm. The distal portion of the 
main buccal branch had three fascicles. Therefore, 
a fascicular turn over flap from the distal buccal 
branch was elevated to reconnect the nerve gap 
without tension.

Postoperatively, paralyzed major zygomatic 
muscle started to move at 3  months later. Nine 
months later, the patient had a full recovery of 
smile, and now 3 years after surgery, there was no 
tumor recurrence (Fig. 36.2).

36.3  Cross-Face Trigeminal Nerve 
Transfer

Patients with trigeminal nerve II palsy have 
many serious problems. Cross-face nerve grafts 
or nerve transfers from the contralateral trigem-
inal nerve to the affected nerve can facilitate 
trigeminal palsy reconstructions. Our survey of 
the literature has revealed no previous reports 
on reconstruction of this type of nerve palsy. 
We believe that nerve transfers are superior to 
free nerve grafts because well-vascularized fas-
cicles and only one suture site are used [1–3, 7]. 
However, the nerve grafts may become necrotic 
and double-suture scars would interrupt post-
operative axonal sprouting through a nerve 
graft.

In addition, recent supermicrosurgical tech-
niques using needles less than 80  μm wide 
allow accurate coaptation of a single nerve fas-
cicle [9, 13]. Therefore, single fascicular trans-
fer to connect a nerve could results in excellent 
nerve recovery. These new concepts and tech-
niques propose a new paradigm for supermicro-
surgical fascicular nerve transfer where the 
methodology can be applied to trigeminal 
branch II palsy.

I. Koshima et al.
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Fig. 36.2 (a) Case 2. A 65-year-old woman had a huge 
parotid tumor for 20 years. (b) The defects (30 mm) of 
buccal branches were repaired with fascicular turn over 
flaps. (c) Postoperative recovery of facial reanimation at 2 

(left) and 4 months (center), and 1 year and 8 months later 
(right) (Koshima I, Narushima M, Mihara M, Uchida G, 
Nakagawa M. Fascicular turnover flap for nerve gaps. J 
Plast Reconstr Aesthet Surg. 63(6):1008–14, 2010)
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Fig. 36.2 (continued)

In this paper, we report on a new method of 
intraoral cross-face trigeminal nerve transfer for 
established trigeminal nerve palsy.

36.3.1  Anatomy

The role of the infraorbital nerve carries sensory 
information from the lower eyelid, lateral ala, 
anterior aspect of the face, and upper labial area. 
The infraorbital nerve passes through the infraor-
bital foramen and connect to the facial branches. 
These facial branches are composed of the palpe-
bral, nasal, and superior labial branches. The 
 palpebral branches then pass upward beneath the 
palpebral orbicularis muscle. They supply the 
skin and conjunctiva of the lower eyelid with sen-
sation, joining with the facial nerve at the outer 
edge of the orbital.

The nasal branches pass inward: they supply 
the skin on the side of the nose and join with the 
nasal branch of the trigeminal ophthalmic nerve.

The superior labial branches are the largest 
and most numerous. They descend beneath the 
levator labii superioris and are distributed to 
the skin of the upper lip, the mucous mem-

brane of the mouth, and the labial glands. The 
superior labial branches penetrate the superior 
labial muscle and orbicular oris muscle, ulti-
mately innervating the subcutaneous layer of 
the upper lip.

All these branches are joined, immediately 
beneath the orbit, by filaments from the facial 
nerve, forming the plexus of infra-orbital nerve 
(Fig. 36.3a).

36.3.2  Operative Techniques

With an intraoral approach, a mucosal incision is 
made on the posterior aspect of the upper lip. 
Under an operating microscope, bilateral upper 
labial branches of the trigeminal nerve II are 
exposed within or above the orbicularis oris mus-
cle layer. One of the distal upper labial branches 
of the contralateral normal trigeminal nerve is 
dissected near the middle of the upper lip. After 
the proximal dissection of the affected nerve 
trunk, using a small sharp knife or microscissors, 
the denervated nerve trunk is transected at the 
proximal side near the infraorbital foramen. Then 
the proximal end of the denervated nerve is 
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turned for transfer to the middle portion of the 
upper lip to connect the contralateral normal 
labial branch without tension. It is important to 
dissect enough length of affected nerve trunk to 
reduce the tension at the suture point. 
Supermicrosurgical fascicular suture of the upper 
labial branch and affected nerve is achieved with 
four to six stitches using 11-0 or 12-0 nylon with 
an 80- or 50 μm needle. There is no possibility of 
donor site sensory loss because the normal labial 
branch sacrificed is distal-level and only one 
among several branches (Fig. 36.3a, b).

36.4  Case Report

36.4.1  Case 3

A 56-year-old woman, who had suffered a facial 
bone fracture 10 years ago, complained of left tri-
geminal nerve II palsy. We performed trigeminal 
nerve transfer under general anesthesia. We could 
not follow the patient postoperatively because of 

the patient’s family problems. Nine months after 
surgery the value measured by Semmes- 
Weinstein test was 2.41 (contralateral upper lip: 
1.65) and moving two-point discrimination was 
25 mm (contralateral upper lip: 15 mm). One and 
half years after surgery, these values were 1.65 
and 15  mm (completely normal recovery). The 
patient felt sensation on the affected side, not at 
the contralateral donor site. There was no postop-
erative bleeding, donor site sensory loss around 
the upper lip, facial paralysis, or no abnormal 
facial pain (Fig. 36.4).

36.4.2  Case 4

A 46-year-old woman had a recurrent adenoid 
cystic carcinoma originating from the left orbital 
cavity and invading the anterior skull base. With 
an anterior skull-base approach, wide resection 
including the left orbital cavity and trigeminal 
nerve was performed. The resulting defect was 
repaired with a free rectus abdominis 

S
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Fig. 36.3 (a) Normal anatomy of the infraorbital nerve. 
The infraorbital nerve is composed of the palpebral (P), 
nasal (N), and superior labial branches (S). The superior 
labial branches are the largest and are distributed to the 
upper lip. (b) Schematic drawing of cross-face trigeminal 
nerve transfer. The proximal side of the left affected nerve 

was transferred to the distal side of the right normal nerve 
(superior labial branch) (Koshima I, Narushima M, 
Mihara M, Uchida G, Nakagawa M.  Cross-face nerve 
transfer for established trigeminal branch II palsy. Ann 
Plast Surg. 63(6):621–3, 2009)
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Fig. 36.4 (a) Case 5. A 56-year-old woman lost left tri-
geminal nerve II sensation due to facial bone fracture 
10  years previously. Three-dimensional CT shows cal-
varial bone graft on the left zygomatic bone. (b) Left: 
Bilateral trigeminal nerves were exposed. Arrow head 
indicates the right normal labial branch. Right: Nerve 
suture (arrow head) was established. T affected trigeminal 

nerve. (c) Postoperative sensory recovery. Left, preope.; 
SW value and moving 2-PD were 1.65 and 5 mm (nor-
mal:1.65) at 1  year and 3  months (Center) and 4 years 
(Right). (Koshima I, Narushima M, Mihara M, Uchida G, 
Nakagawa M.  Cross-face nerve transfer for established 
trigeminal branch II palsy. Ann Plast Surg. 63(6):621–3, 
2009)
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musculocutaneous flap. Six months after the pri-
mary surgery, the patient desired a reconstruction 
and trigeminal nerve transfer was performed 
from the right upper labial branch to the left tri-
geminal nerve.

Three months after surgery, sensation emerged 
in the left upper lip (Semmes-Weinstein value 4.17). 
Five months and one year after surgery, Semmes-
Weinstein value was 2.44 (contralateral upper lip: 
1.65) and moving two-point discrimination was 
30 mm (contralateral upper lip: 15 mm). In addi-
tion, she felt sensation on the affected side, not at 
the contralateral donor site. The patient did not any 
complications, such as donor site sensory loss, 
around the upper lip (Fig. 36.5).

36.5  Discussion

36.5.1  Vascular System Within 
Peripheral Nerve and Nerve 
Flap Concept

The supermicrosurgical techniques have made s 
single fascicular suturing method possible using 
11-0 or 12-0 suture material with 80 or 50 μm 
needle. Meanwhile, the microvascular rich circu-
lations within the fascicle had been well known 
[12] and their importance have been emphasized 
in the reports on vascularized nerve flap, because 
the vascularization of nerve grafts suppress the 
fibrosis within the nerve grafts [1–11] (Fig. 36.6).

po3m

a

Fig. 36.5 (a) Case 4. A 46-year-old woman without left 
trigeminal nerve I & II resulting from the left skull-base 
cancer resection. Left, The defect was repaired with free 
rectus abdominis MC flap. The area circumscribed by red 
marker lost sensation; Right, 3  months after trigeminal 

nerve transfer. SW value was 4.17; (b) Left, SW 3.22 at 
4 months; right, SW 2.44 and m2PD 30 mm at 5 months; 
(Koshima I, Narushima M, Mihara M, Uchida G, Nakagawa 
M.  Cross-face nerve transfer for established trigeminal 
branch II palsy. Ann Plast Surg. 63(6):621–3, 2009)
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Fig. 36.5 (continued)

Based on our experimental works on micro-
anatomical studies on peripheral nerves, fascicles 
can maintain its blood circulation even when the 
fascicle is separated as a pedicle flap or island 
flap [2, 3]. This fascicular flap concept in nerve 
surgery is the same as that in skin flap. 
Developments of these supermicrosurgical tech-
nique and microanatomy on nerves have created 
a new surgical method, “fascicular turn over 
flap,” in nerve reconstruction surgery as well as 
development of perforator flap surgery.

36.5.2  Fascicular Plexus Within Nerve 
Trunk

Regarding the routes of axonal sprouting from 
the proximal to the distal nerve trunks, it is well 
established that there are bypass routes through 

the communicating branches between each fas-
cicle. With these branches, turn over method does 
not prevent axonal sprouting toward the distal 
direction; i.e., proximal axons from the proximal 
fascicles sprout into the turned fascicular flap and 
pass through the communication branches into 
the distal nerve trunk (Fig. 36.1). Therefore, with 
this fain techniques, smooth axonal sprouting 
through a vascularized fascicular flap is theoreti-
cally possible with an accurate fascicular anasto-
mosis and less fibrosis due to well vascularization 
of the fascicular flap.

In cases with longer nerve gaps, a longer fas-
cicular flap from only the either (proximal or dis-
tal) side for is difficult because the distal end of 
the flap shows poor vascularization and strong 
tension is unavoidable on the anastomosed site. 
We believe in cases with digital nerve gap less 
than 20  mm in length, fascicular turnover flap 

I. Koshima et al.
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Fig. 36.6 (a) Left, Vascular system of rat sciatic nerve; 
Right, Intraneural vascular system after alkali dissolution 
for embalmed specimen with colored resin; (Koshima I, 
Harii K. Experimental study on vascularized nerve grafts: 
Part I. The pattern of blood circulation in the rat sciatic 
nerve and the method of obtaining a vascularized sciatic 
nerve graft in the rat. Jap J Plast Surg. 2: 811–16, 1982). 
(b) Fluorescein staining of island rat sciatic nerve pedi-
cled with muscle perforator from the femoral artery 
(Koshima I, Harii K. Experimental study on vascularized 
nerve grafts: Part I. The pattern of blood circulation in the 
rat sciatic nerve and the method of obtaining a vascular-
ized sciatic nerve graft in the rat. Jap J Plast Surg. 2: 811–
16, 1982). (c) Schematic drawing of experimental work 
on vascularized nerve flap. Free sciatic nerve flap was 
transferred to the contralateral sciatic nerve gap (Ref. 2. 
Koshima I, Harii K. Experimental study of vascularized 
nerve grafts: multifactorial analyses of axonal regenera-
tion of nerves transplanted into an acute burn wound. J 

Hand Surg Am. 10: 64–72, 1985). (d) Nerve flap using rat 
sciatic nerve. Left, Island flap in posterior thigh; Right, 
contralateral free sciatic nerve flap (N) anastomosed with 
femoral vessels (P) (Koshima I, Harii K.  Experimental 
study on vascularized nerve grafts: Part I. The pattern of 
blood circulation in the rat sciatic nerve and the method of 
obtaining a vascularized sciatic nerve graft in the rat. Jap 
J Plast Surg. 2: 811–16, 1982); (e) Two months after 
transfer. Left, nerve flap; Right, nerve graft (small strand); 
(Ref. 3. Koshima I, Harii K. Experimental study of vascu-
larized nerve grafts: Morphometric study of axonal regen-
eration of nerves transplanted into silicone tubes. Ann 
Plast Surg. 14:235–243, 1985). (f) Histological observa-
tion at 2 months. Left, nerve flap with well myelinated 
axons; Right, nerve graft without myelinated axons; (Ref. 
3. Koshima I, Harii K. Experimental study of vascularized 
nerve grafts: Morphometric study of axonal regeneration 
of nerves transplanted into silicone tubes. Ann Plast Surg. 
14:235–243, 1985)
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Fig. 36.6 (continued)
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Fig. 36.6 (continued)
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from the either distal or proximal stump is prefer-
able. However, in cases with longer digital nerve 
gap over 20  mm in length, fascicular turnover 
flaps from bilateral distal and proximal stumps 
are preferable to join the middle portion of nerve 
gap. Because excellent circulation of bilateral 
short flaps can be expected rather than ipsilateral 
longer nerve flap as in Case 1 (Sect. 36.2.1.1).

36.5.3  Nerve Graft vs Nerve Flap

Regarding the selection of nerve grafting or fas-
cicular nerve flap for digital nerve defects, our 
cases had not fresh but established scarred recipi-
ent beds. Excellent sensory recovery could not be 
expected with nonvascularized nerve grafts in 
poorly vascularized bed. Meanwhile, free vascu-
larized nerve flap from distant sides might result 
in excellent recovery (Fig.  36.6). However, the 
techniques were complicated, time consuming, 
and resulted in some donor site morbidity. Our 
cases with fascicular flap showed good sensory 
recovery. With these results, it is assumed that the 
fascicular flap method is superior to other graft-
ing or flap methods.

Regarding cases with facial nerve gaps, some 
methods using vascularized nerve flaps have 
been reported from Japanese groups including us 
[6, 9–11]. The fascicular turn over flap is superior 
to previous vascularized nerve flaps, because this 
simple fascicular flap method showed excellent 
result without any donor site morbidity. Based on 
our Case 2, longer nerve gap can be easily short-
ened with lifting up the distal musculoaponeu-
rotic fascia. This lifting up seems to be very 
important to obtain early nerve sprouting in facial 
nerve reconstruction.

36.5.4  Advantages of Fascicular 
Turnover Flap

The advantages of this method are: No need for 
sacrificing the donor nerve, short time operation, 
and digital nerve gaps can be repaired under local 
anesthesia. Fascicular flap is a vascularized nerve 
flap with fast and accurate nerve sprouting rather 

than non-vascularized graft. Excellent nerve 
regeneration can be expected even in cases with 
longer nerve gap and scarred recipient bed 
(Fig. 36.6). It is simple and shorter time surgery 
compare to free vascularized nerve flaps. In addi-
tion, there is no functional loss resulted from sac-
rificed fascicle in the operated area. The 
disadvantage is a necessity of supermicrosurgical 
techniques using 50  μm needle. In conclusion, 
we believe fascicular turn over flap is less inva-
sive and can results in accurate nerve regenera-
tion even in cases with longer nerve deficit and 
scarred recipient bed.

36.5.5  Trigeminal Nerve Transfer 
with Supermicrosurgery

Based on our experimental microanatomical 
studies on peripheral nerves, fascicles can also 
maintain blood circulation even when the fasci-
cle is separated as a pedicle flap or island flap [2, 
3, 12]. This concept of fascicular flap transfer in 
nerve surgery is based upon the same principles 
as the pedicle skin flap. However, the fascicu-
lar transfer is not as simple because it requires 
particularly fine techniques. With the recent 
development of supermicrosurgical techniques 
appropriate for the microanatomy of peripheral 
nerves [2, 3, 9, 12, 13], fascicular transfers are 
possible. Thus it was possible to engineer a new 
method of intraoral “cross-face trigeminal nerve 
transfer,” used successfully in the context of tri-
geminal nerve II palsy. Our cases investigating 
trigeminal nerve transfer show that this method is 
indicated for patients with long-standing trigemi-
nal nerve palsy resulting from traumatic injuries 
and cancer ablation.

36.5.6  Advantages of Trigeminal 
Nerve Transfer

One advantage of this method is that excellent 
nerve regeneration is expected, even in patients 
who have endured prolonged periods of trigemi-
nal palsy. In addition, the fascicular flap is a vas-
cularized nerve flap with fast and accurate nerve 
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sprouting in comparison to the free nerve graft. 
Furthermore, the method is simple and brief 
compared to free nerve grafts. Trigeminal nerve 
transfer is a less invasive surgery with an intra-
oral approach: an operation without visible scar-
ring. It does not damage sensation of the donor 
and may be possible under local anesthesia. 
The patients achieve nearly normal sensation 
on the affected side, not contralateral donor site 
sensation. This is a completely different result 
from that obtained wit extremity sensory 
 reconstructions with nerve transfers. Finally, 
postoperative cortical reeducation may further 
improve the results of trigeminal nerve transfer. 
The disadvantage of this method is the neces-
sity of supermicrosurgical technique using a 
needle less than 80 μm.

In conclusion, we believe that intraoral cross- 
face trigeminal nerve transfer is less invasive. 
The method can result in accurate nerve regener-
ation even in cases with longer periods of facial 
sensory loss.
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Facial Reanimation in Face 
Transplantation

Waleed Gibreel, Carrie E. Robertson, 
Marissa Suchyta, Hatem Amer, and Samir Mardini

37.1  Introduction

Face transplantation (FT) is a life-transforming 
surgery that allows patients with severe facial 
deformities to reintegrate into society. Facial 
transplantation can restore orofacial complex 
function in situations that have exhausted the 
conventional reconstructive armamentarium [1–
30] (Fig. 37.1). To date, over 40 face transplanta-
tion procedures have been performed worldwide, 
[31] including one re-transplant. Success of face 
transplant, however depends upon the restoration 
of spontaneous, symmetric facial movement, 
smile, and emotional expression. Facial reanima-
tion is therefore an integral goal of this life- 
restoring surgery [32].

37.2  Goals of Facial Reanimation 
in Face Transplantation

Goals of facial reanimation in face transplanta-
tion are largely similar to those of facial reanima-
tion in facial paralysis. In full face transplantation, 
the general aims are to restore symmetric eyelid 
closure, brow elevation, competent external nasal 
valves, a symmetric and spontaneous smile, 
lower lip depression, and a competent upper and 
lower lip “oral sphincter” with no synkinesis. 
These goals vary depending on the extent of the 
recipient defect and transplanted tissue [11, 25, 
26, 33] (Fig. 37.2). In this chapter, the word “syn-
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Key Points
• The success of face transplant is largely 

dependent on the extent of facial reani-
mation and motor recovery.

• Distal coaptation of nerve branches near 
the donor muscle reduces aberrant nerve 
regeneration and decreases the time to 
functional muscle recovery.

• Adjuvant therapies to improve facial 
reanimation in the context of face trans-
plant include hyperbaric oxygen therapy, 
physical therapy; immunosuppressive 
regimens may also contribute to 
improved nerve regeneration.

• Standardized outcome scoring of facial 
reanimation after face transplant is nec-
essary to compare outcomes and deter-
mine best practices.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50784-8_37&domain=pdf
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Fig. 37.1 (a through d) Preoperative photos of the patient 
showing him in repose (a), demonstrating eyelid closure 
and brow elevation which needed to be preserved during 
the transplant (b, c), and demonstrating a smile (d). (e 

through i), Postoperative views in repose (e), showing the 
preserved eyelid closure and brow elevation (f and g), 
demonstrating a smile (h) and oral sphincter closure (i). 
(Copyright retained by Mayo Clinic)

a b

c d
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e f

g h

Fig. 37.1 (continued)
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kinesis” is used to describe aberrant and unde-
sired muscle reinnervation that results in 
contraction of muscles other than the intended 
target muscles; for example, involuntary eye clo-
sure with smile. Synkinesis may occur as a result 
of mass contractions or co-contraction.

37.3  Assessment of Facial Nerve 
Function in the Recipient 
and Donor

Assessment of the recipient’s facial nerve func-
tion begins during preoperative visits. A detailed 
history and comprehensive physical examination 
with particular emphasis on facial nerve function 
are crucial to help understand the extent of the 
functional deficit of the facial nerve. Information 
related to prior facial nerve surgeries should be 
clearly outlined and documented. During preop-
erative visits, goals, and expectations of facial 
reanimation should be openly discussed. The 
patient’s priorities should be discussed exten-
sively and recorded. This clear communication 
between the surgeon and the FT candidate sets 

i

Fig. 37.1 (continued)

Fig. 37.2 Shows the virtual surgical plan for the donor (left), the recipient demonstrating the extent of the defect 
(middle) and the surgical transplant (right). (Copyright retained by Mayo Clinic)
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the stage for a successful reconstruction. The 
transplant candidate’s defect should be assessed 
thoroughly and carefully to evaluate the full 
extent of skin, subcutaneous fat, mimetic mus-
cles, nerve, and bone deficits as each one of these 
has implications when deciding on the size and 
tissue components of the face allograft. The func-
tion of intact mimetic neuromuscular units should 
be assessed via a detailed exam, as information 
gleaned from this exam will prove useful when 
performing the surgery. In general, intact neuro-
muscular units should be preserved [21]. 
Preoperative function of the facial nerve should 
be documented by obtaining photos and videos 
that depict different facial expressions, as is stan-
dard for facial paralysis patients.

Since preoperative clinical assessment of the 
face transplant donor is not possible, information 
pertaining to donor facial nerve function should 
be obtained from the family by the organ procure-
ment team with a particular emphasis on any his-
tory of current or prior facial injury or deformity. 
This may include reviewing photos and videos if 
they are available, and careful review of intraop-
erative stimulation of facial nerve branches at the 
time of the allograft procurement.

37.4  Mapping Facial Nerve 
Branches During Allograft 
Procurement

FT donors are usually donors for solid organs 
including liver, heart, lungs, and kidneys. The 
sequence of organ procurement must be coordi-
nated with solid organ transplant teams to allow 
the face graft to be recovered prior to cross 
clamping of the aorta and cessation of blood cir-
culation. As such, the face is typically the first 
organ to be procured [34, 35]. The size and tissue 
components of the allograft are determined pre-
operatively based on the recipient’s soft tissue 
and bone defects. Typically, pretragal incisions 
are made and dissection in the sub SMAS (super-
ficial musculo-aponeurotic system) is performed. 
The facial nerve trunk is identified as it exits the 
stylomastoid foramen. Superficial parotidectomy 

allows identification of the facial nerve branches 
within the parotid gland and to minimize the 
amount of bulk of the cheek after the transplant. 
Branches of the facial nerve are identified as they 
exit the parotid gland. Our preference is to con-
tinue the dissection distally (toward the center of 
the midface) until all distal branches are clearly 
identified (Fig. 37.3). A nerve stimulator is used 
to functionally identify each distal branch. The 
function of each identified branch is recorded and 
the nerve is tagged to allow subsequent identifi-
cation. Vessel loops or sutures of different color 
are used to tag different facial nerve branches. 
Photos and videos are obtained to show the func-
tion of each identified and stimulated nerve. The 
facial nerve trunk is divided as proximally as 
technically feasible. The decision of where to 
divide the facial nerve or its distal branches 
should be performed after completion of allograft 
inset and revascularization. Dividing the facial 

Fig. 37.3 Branches of the facial nerve are identified in 
the donor as they exit the parotid gland. These branches 
are then tagged with either vessel loops or sutures and 
stimulation of the branches is video recorded to review. 
(Copyright retained by Mayo Clinic)
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nerve distally during the procurement can result 
in creation of unexpected gaps during the recon-
struction, when nerve coaptation is performed 
between the recipient’s and donor’s facial nerves.

37.5  Mapping the Facial Nerve 
Branches in the Recipient

Mapping the facial nerve branches in the recipi-
ent can be challenging, as most of the defects 
requiring FT involve the central portion of the 
face. Therefore, target mimetic muscles in the 
midface region are frequently damaged or 
absent. If some of the muscles of facial expres-
sion are still intact and functional, the branches 
of the facial nerve are stimulated to assess the 
function of individual nerve branches. Nerve 
branches are tagged and photos and videos are 
obtained in a similar fashion as in the donor 
(Fig.  37.4). Without functional stimulation, the 
surgeon is dependent solely on anatomic land-

marks when deciding which branch to connect to 
in the recipient.

Video recording of facial nerve mapping in the 
donor and recipient is helpful when deciding on 
nerve coaptation. This enables the surgeon to 
review the recording and formulate a nerve coap-
tation plan (Fig.  37.5). No paralytic agents are 
used to allow for nerve stimulation and observa-
tion of the effect on the target muscles. Our pref-
erence is that total intravenous anesthesia rather 
than inhalational anesthesia is performed through-
out the donor and recipient surgery until all nerve 
branches have been identified and stimulated.

37.6  Principles of Motor Nerve 
Repair

Nerve coaptation takes place following bony 
fixation and allograft revascularization. When 
repairing the facial nerve in FTs, tension free 
coaptation of the donor and recipient nerves 
should be the goal. If for any reason, tension free 
primary nerve repair cannot be performed, nerve 
grafts can be used. The use of such grafts in 
facial VCA has been associated with satisfactory 
outcomes, and is described below [32]. Direct 
nerve repair as close as possible to the target 
muscles minimizes the risk of synkinesis and 
unpredictable facial movements [36]. By procur-

Fig. 37.4 In the recipient, nerve branches are tagged and 
photos and videos are obtained in a similar fashion as in 
the donor. Each nerve is tagged with a suture of different 
color. These sutures are marked on the picture along with 
the function that each nerve provides. (Copyright retained 
by Mayo Clinic)

Fig. 37.5 The nerves of the donor allograft, cut as proxi-
mally as possible, are shown here overlaid over the recipi-
ent nerve branches, but as distally as possible. Video 
recording of facial nerve mapping in the donor and recipi-
ent is helpful when deciding on nerve coaptation of these 
nerves. (Copyright retained by Mayo Clinic)
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ing the entire facial nerve proximally to the sty-
lomastoid foramen during donor dissection and 
performing the nerve anastomoses as distally as 
possible in the recipient, one should be able to 
minimize the need for nerve grafts during face 
transplantation.

37.6.1  Nerve Grafts to Bridge 
Nerve Gaps

The use of nerve grafts has been described in facial 
nerve reconstruction in FTs (Sect. 37.3). Pomahac 
used a recipient’s thoracodorsal nerve from a pre-
vious free flap as a nerve autograft to bridge mul-
tiple gaps during a full FT [32]. Siemionow has 
also used a donor’s vagus nerve graft on one side 
and a recipient’s hypoglossal nerve on the other 
side as interposition nerve grafts. These grafts 
were used as interposition grafts to bridge the 
recipient’s upper trunk of the facial nerve to the 
main trunk of the donor’s facial nerve [6]. In addi-
tion to the use of vagus and hypoglossal nerves, 
the ansa cervicalis has been used to bridge nerve 
gaps in FT recipients [37, 38]. In general, sensory 
nerve grafts are associated with less morbidity 
than motor nerve grafts, but motor nerve grafts 
have been associated with superior outcomes 
when used to bridge motor nerve gaps due to the 
difference in nerve architecture and the higher 
axonal density of motor nerves [39–42].

Dealing with nerve gaps should be an uncom-
mon occurrence during FT and can be avoided 
with surgical planning and dividing the facial 
nerve trunk in the donor as proximal as possible. 
As previously stated, during the nerve procure-
ment the surgeon should resist the temptation to 
divide the facial nerve distally, as this can result 
in creation of unexpected gaps later when nerve 
coaptation is performed between the recipient’s 
and donor’s facial nerves.

37.6.2  Proximal Versus Distal 
Coaptation

The coaptation technique of the motor branches 
of the facial nerves has been a subject of much 

debate over the last few years. Some groups 
advocate for proximal facial trunk coaptation to 
decrease operative time and simplify the coapta-
tion technique [5, 10, 37, 43, 44] while others 
advocate for distal coaptations of individual 
facial nerve branches [32, 36]. Early reports of 
return of facial motor function among groups 
performing proximal facial nerve repair revealed 
higher rates of synkinesis. To avoid the risk of 
synkinesis, we recommend that repair of the 
facial nerve branches be performed distally, as 
close as possible to the target muscles [32, 36].

In the majority of FT patients, the defect 
involves the central face and the majority of the 
central targets muscles and their respective 
nerves are damaged. In these situations, proxi-
mal coaptation to the facial nerve trunk or divi-
sions can be the only available option [4]. 
Coaptation to the proximal facial nerve trunk 
does not allow for targeted reconnection to distal 
nerves and relies on a single proximal nerve seg-
ment to reinnervate all muscles of facial expres-
sion. Facial movements in these situations are 
characterized by significant synkinesis [27]. 
Proximal coaptation thus has been demonstrated 
to lead to suboptimal results and should be 
attempted only when distal facial branches are 
not available.

In situations in which the existing facial mus-
culature of the recipient is determined to be suf-
ficient for adequate facial function and expression, 
nerve coaptation does not have to be performed 
[45]. This situation is a rare occurrence in FT 
patients and, when present, is usually confined to 
a small area of the face with intact mimetic mus-
culature. Many patients with midfacial injuries 
have intact eyelid and brow function. Therefore 
preserving the nerve branches to these muscles is 
important during the dissection of recipient facial 
nerve branches.

Occasionally, the distal aspect of the muscle 
can be missing while the proximal aspect is still 
intact. In these situations, primary repair of the 
donor muscles to the recipient’s muscles can be 
performed and has been reported to lead to good 
functional motor outcomes [2, 21].

Our preference is to perform distal nerve 
instead of proximal nerve coaptation for multiple 
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reasons. We feel that the chance of aberrant rein-
nervation is less with distal coaptation. Moreover, 
the distance to the target muscles is shorter with 
distal coaptation, which has the potential to 
shorten the time needed for return of function. 
Delayed return of motor function can lead to 
atrophy of the target muscles to the point that 
may not be restorable with reinnervation. It is 
also preferable to perform the coaptation to a 
nerve that produces only one function. For exam-
ple, if there are two nerves; one produces a smile 
only upon nerve stimulation and the other pro-
duces a smile and eyelid closure, it is preferable 
to perform the coaptation to the nerve that pro-
duces the smile only. This careful selection mini-
mizes the chance of development of synkinesis. 
To date, there are no published studies comparing 
the outcomes of these two different coaptation 
methods due to the paucity of the reported cases 
and lack of detailed measured functional out-
comes. Furthermore, the heterogenicity of defects 
in different patients prevents direct comparison. 
Studies comparing the incidence of the synkine-
sis and hyperkinesis between the two coaptation 
methods are ultimately needed to determine the 
method of coaptation associated with better 
outcomes.

37.7  Nerve Transfers and Cross- 
Face Nerve Grafts

In patients in whom a proximal facial nerve 
stump is not available or not suitable for coap-
tation, nerve transfer (such as nerve to the mas-
seter or hypoglossal nerve) can be used as a 
donor motor nerve and coapted to the donor’s 
facial nerve either primarily or via a nerve 
graft [27]. In patients with intact contralateral 
facial nerve function or distal facial nerve 
branches, cross- face nerve grafts can be per-
formed and the distal zygomatic, buccal, or 
marginal mandibular branches can be used as 
donor nerves [27].

37.8  Recovery of the Facial Motor 
Function After Face 
Transplantation

Studies utilizing surface electromyography 
(sEMG) have reported evidence of detectable 
signals as early as 1 month following transplanta-
tion [46]. Recovery of clinically appreciable 
facial movement has been reported as early as 
2–3 months, with an average of 6–8 months [32, 
43, 47].

A period of absent facial motor function is 
expected following FTs which contributes to the 
“mask face” look of FT recipients. This period is 
followed by gradual return of motor function as 
motor nerves continue to regenerate and inner-
vate target muscles. The speed of motor recovery 
depends on axonal regrowth of the recipient’s 
nerve past the coaptation site which occurs at a 
rate of approximately 1 mm/day following an ini-
tial delay of about 1 month.

Hyperbaric oxygen treatment has been shown 
in both experimental and clinical settings to 
enhance peripheral nerve regeneration [48–55] 
by reducing the impact of ischemia reperfusion 
injury, promoting neovascularization, and 
enhancing the production of growth factors [50]. 
Hyperbaric oxygen treatment may enhance and 
accelerate axonal regeneration and could be a 
useful adjunct in FT patients.

37.9  The Role 
of Immunosuppression 
in Facial Nerve Regeneration

Tacrolimus (FK506) has been found in multiple 
experimental animal studies to accelerate nerve 
regeneration [56–60] even when allografts are 
used [27, 56, 57, 59–63]. The molecular mecha-
nism of this enhancement is through binding to 
FKBP-12 and inhibition of calcineurin, which 
increases the phosphorylation of several substrate 
molecules such as growth-associated protein- 43. 
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This protein plays an important role in neural 
plasticity and is highly expressed in regenerative 
growth cones [64]. In addition, non- 
immunosuppressant derivatives of FK506 do not 
inhibit calcineurin, but do accelerate nerve regen-
eration [61]. The effects of Tacrolimus in acceler-
ating nerve regeneration may explain the early 
return of facial motor function observed in some 
of the face transplant recipients.

37.10  Treatment of Suboptimal 
Recovery of Facial Motor 
Function

Irreversible changes to the facial neuromuscular 
units can occur following a prolonged period of 
denervation that exceeds 12 months. Therefore, 
early identification and intervention has the 
potential to restore facial motor function. Regular 
and frequent clinical and electromyographic 
evaluation of FT recipients provides invaluable 
information that can guide subsequent manage-
ment. We recommend that these evaluations 
occur at intervals not exceeding three months. In 
cases of suboptimal return or no return of motor 
function at 9–12  months following FT, nerve 
transfer should be considered [32]. Pomahac 
et  al. reported the first and only FT case to 
undergo a nerve transfer procedure to restore ani-
mation. They performed a nerve to masseter 
transfer using a great auricular interposition 
nerve graft following a unilateral lack of motor 
function return at 11 months in a fullface trans-
plant recipient [32]. Regional muscle transfer, 
cross-face nerve grafts, and free functional mus-
cle transfers for facial reanimation in the FT 
recipients have not yet been described.

37.11  Sensory Recovery, 
Trigeminofacial 
Communication, and Their 
Role in Motor Function 
Recovery

Restoration of facial sensation has not received 
the same attention as the recovery of motor func-
tion [65]. Among FT recipients, thermal and 

mechanical sensation can occur as early as 
3 months after surgery [5, 14] with satisfactory 
sensory restoration often by 8 months (defined by 
recovery of heat and cold sensation, discrimina-
tion of light touch assessed by static monofila-
ment, well localized two-point touch 
discrimination, and response to painful stimuli) 
[3, 5, 14, 43, 47].

Cutaneous branches of all three divisions of 
the trigeminal nerve and the great auricular nerve 
show plexiform connections with the terminal 
rami of the facial nerve. These trigeminofacial 
communications can occur either in the proximal 
(auriculotemporal, great auricular) or distal 
(supraorbital, infraorbital, buccinators, mental) 
region of the facial nerve distribution [65]. 
Although there is no common agreement on the 
function of the nerve fibers in the communicat-
ing rami, it has been suggested that the trigemi-
nal nerve fibers in the communicating rami 
convey the proprioception of the mimetic mus-
cles [66]. In addition, it has been shown that the 
trigeminofacial communications could also pro-
vide additional motor supply to the superficial 
facial musculature; some investigators hypothe-
size the presence of a sensory component in the 
facial nerve that explains the preservation of 
deep facial sensation after trigeminal neurec-
tomy [65, 67].

Despite the variation in the technique (end-to- 
end mental and infraorbital neurorrhaphy versus 
simple placement of the mental and infraorbital 
nerves near their respective foramina) and sen-
sory nerve repair technique among transplant 
centers, sensory recovery has been reported even 
when neurorrhaphy was not performed [47]. This 
recovery of sensory function when sensory neu-
rorrhaphy was not performed has been attributed 
to many factors. Possible mechanisms include 
the presence of alternative sensory pathways 
such as trigeminofacial communications, somatic 
afferents of the facial nerve, the presence of nervi 
nervosum of the facial nerve, somatic afferents of 
the facial nerve, the adrenergic fibers around the 
allograft’s vascular pedicle [65], or the retention 
of facial corpuscles within the allograft [68]. The 
restoration of sympathetic innervation of the skin 
contributes to the restoration of thermal regula-
tion mechanisms of the graft [65].
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These observations highlight the complex 
interplay between the trigeminal and facial nerves 
and the potential positive influence of normal 
facial sensation on optimal motor recovery 
among FT recipients. Further studies are needed 
to clearly assess the role of neurorrhaphy in 
affecting the rate, integrity, and topography of 
facial sensory innervation [47].

37.12  Synkinesis in Face Transplant 
Patients

Synkinesis following facial nerve reconstruction 
in FT has been reported with both proximal and 
distal coaptations, although distal coaptation 
closer to the target muscles is hypothesized to be 
associated with less synkinesis [31, 32]. 
Biofeedback, botulinum toxin injection, selective 
neurectomies, and myectomies have all been 
described in the management of post-facial paral-
ysis synkinesis [69–72]. Neither the effectiveness 
nor the safety of these strategies has been investi-
gated in the management of synkinesis in FT 
patients.

Revision surgeries, including facial nerve 
coaptations, have been successfully and safely 
performed in FT recipients while on maintenance 
immunosuppressive treatment [5, 28, 30]. If bio-
feedback is not successful in alleviating synkine-
sis, selective neurectomy or myectomy could be 
considered.

In an experimental transplantation model, bot-
ulinum toxin A was found to have properties that 
may increase allograft acceptance by stimulating 
VEGF expression, a mediator of angiogenesis. 
Additionally, botulinum toxin A was also demon-
strated to inhibit CD4 expression, which is a sur-
face marker of immune cells such as T helper 
cells, monocytes, macrophages, and dendritic 
cells [73]. No clinical study has evaluated the 
effect of botulinum toxin A or antitoxin antibod-
ies on allograft survival, immunologic tolerance, 
or interaction with the other immunosuppressive 
regimens in FT patients. Therefore, the safety of 
botulinum toxin in the treatment of synkinesis in 
FT patients is yet to be determined.

37.13  Physical Therapy 
and Rehabilitation

Early initiation of a physical, biofeedback-driven 
exercise program, and neuromuscular rehabilita-
tion is paramount to the success of FT [22, 32, 
46, 74]. Personalized rehabilitation programs, 
cognitive rehabilitation, and functional electrical 
stimulation are beneficial in improving facial 
emotional expressions and restoring symmetric 
voluntary and spontaneous facial movements in 
FT patients [46]. Regular participation in reha-
bilitative programs also allows early identifica-
tion and treatment of synkinesis via mirror 
feedback and muscle retraining [69]. Surface 
EMG has been used in FT patients to detect early 
development and treatment of synkinesis [46].

37.14  Reporting and Comparison 
of Surgical Outcomes

Accurate assessment and comparison of facial 
motor function among FT recipients is challeng-
ing for many reasons. Bone and soft tissue defects 
in FT patients are heterogeneous and each patient 
has a unique profile of functional and aesthetic 
challenges addressed by the FT.  Moreover, 
underreporting of the return of motor function 
following FTs is another obstacle to accurate 
assessment of motor function outcomes follow-
ing FT [13, 15, 16, 75]. Even among the majority 
of reported cases, facial nerve function is not dis-
cussed in a detailed manner that permits compre-
hensive assessment of subtleties of facial nerve 
motor function, such as synkinesis [22]. 
Rodriguez and colleagues have reviewed the out-
comes of 28 FTs performed between 2005 and 
2013 [47]. In 13 out of 28 patients, recovery of 
motor nerve function was not reported. Even 
among the remaining 15 patients in whom motor 
nerve recovery was reported, the report of out-
comes was not clearly detailed or comprehen-
sive. As more surgeries are performed and 
reported, data pertaining to facial nerve function 
following transplantation will become available. 
This additional information will hopefully 
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enhance our understanding of the complexities of 
facial reanimation following face transplant.

However, to ultimately compare outcomes 
pertaining to facial nerve motor function, a stan-
dardized tool allowing measurement of facial 
nerve motor function with precision and accuracy 
is needed. Multiple assessment tools have been 
used to evaluate motor function recovery in FT 
recipients, including manual muscle testing [22, 
32], EMG [21, 22, 43], Sunnybrook Facial 
Grading System (measures voluntary muscle 
movement, symmetry, and synkinesis) [32, 76] 
and Facial Disability Index (FDB) [77], in addi-
tion to others [78]. The lack of precise and stan-
dardized tool has led to the proposal of utilizing 
computerized video analysis software of objec-
tive, precise and reproducible analysis of facial 
movements and functions after FT [79]. The 
presence and utilization of a standardized report-
ing tool is needed to enhance our ability to under-
stand challenges facing the field of FT in general 
and, more specifically, to evaluate facial nerve 
motor function and facial expression among face 
transplant recipients.

References

 1. Siemionow M, Ozturk C. An update on facial trans-
plantation cases performed between 2005 and 2010. 
Plast Reconstr Surg. 2011;128(6):707e–20e.

 2. Devauchelle B, Badet L, Lengele B, Morelon E, 
Testelin S, Michallet M, et  al. First human face 
allograft: early report. Lancet. 2006;368(9531):203–9.

 3. Dubernard JM, Lengele B, Morelon E, Testelin S, 
Badet L, Moure C, et al. Outcomes 18 months after 
the first human partial face transplantation. N Engl J 
Med. 2007;357(24):2451–60.

 4. Guo S, Han Y, Zhang X, Lu B, Yi C, Zhang H, et al. 
Human facial allotransplantation: a 2-year follow-up 
study. Lancet. 2008;372(9639):631–8.

 5. Lantieri L, Meningaud JP, Grimbert P, Bellivier F, 
Lefaucheur JP, Ortonne N, et al. Repair of the lower 
and middle parts of the face by composite tissue allo-
transplantation in a patient with massive plexiform 
neurofibroma: a 1-year follow-up study. Lancet. 
2008;372(9639):639–45.

 6. Siemionow M, Papay F, Alam D, Bernard S, Djohan 
R, Gordon C, et  al. Near-total human face trans-
plantation for a severely disfigured patient in the 
USA. Lancet. 2009;374(9685):203–9.

 7. Siemionow MZ, Papay F, Djohan R, Bernard S, 
Gordon CR, Alam D, et  al. First U.S. near-total 

human face transplantation: a paradigm shift for 
massive complex injuries. Plast Reconstr Surg. 
2010;125(1):111–22.

 8. Barret JP, Gavalda J, Bueno J, Nuvials X, Pont T, 
Masnou N, et  al. Full face transplant: the first case 
report. Ann Surg. 2011;254(2):252–6.

 9. Gomez-Cia T, Sicilia-Castro D, Infante-Cossio P, 
Barrera-Pulido F, Gacto-Sanchez P, Lagares-Borrego 
A, et  al. Second human facial allotransplantation to 
restore a severe defect following radical resection 
of bilateral massive plexiform neurofibromas. Plast 
Reconstr Surg. 2011;127(2):995–6.

 10. Meningaud JP, Hivelin M, Benjoar MD, Toure G, 
Hermeziu O, Lantieri L.  The procurement of allo-
transplants for ballistic trauma: a preclinical study 
and a report of two clinical cases. Plast Reconstr Surg. 
2011;127(5):1892–900.

 11. Pomahac B, Pribaz J, Eriksson E, Annino D, Caterson 
S, Sampson C, et  al. Restoration of facial form and 
function after severe disfigurement from burn injury 
by a composite facial allograft. Am J Transplant. 
2011;11(2):386–93.

 12. Guntinas-Lichius O, Finkensieper M. Three patients 
with full facial transplantation. N Engl J Med. 
2012;366(19):1841; author reply -2

 13. Petruzzo P, Testelin S, Kanitakis J, Badet L, Lengele 
B, Girbon JP, et al. First human face transplantation: 5 
years outcomes. Transplantation. 2012;93(2):236–40.

 14. Pomahac B, Pribaz J, Eriksson E, Bueno EM, Diaz- 
Siso JR, Rybicki FJ, et al. Three patients with full facial 
transplantation. N Engl J Med. 2012;366(8):715–22.

 15. Diaz-Siso JR, Parker M, Bueno EM, Sisk GC, Pribaz 
JJ, Eriksson E, et  al. Facial allotransplantation: a 
3-year follow-up report. J Plast Reconstr Aesthet 
Surg. 2013;66(11):1458–63.

 16. Dubernard JM, Sirigu A, Seulin C, Morelon E, 
Petruzzo P.  Fifteen years later: main lessons from 
composite tissue allografts. Clin Transpl. 2013:113–9.

 17. Maciejewski A, Krakowczyk L, Szymczyk C, 
Wierzgon J, Grajek M, Dobrut M, et  al. The first 
immediate face transplant in the World. Ann Surg. 
2016;263(3):e36–9.

 18. Sosin M, Rodriguez ED.  The face transplan-
tation update: 2016. Plast Reconstr Surg. 
2016;137(6):1841–50.

 19. Krakowczyk L, Maciejewski A, Szymczyk C, Oles K, 
Poltorak S. Face transplant in an advanced neurofibro-
matosis type 1 patient. Ann Transplant. 2017;22:53–7.

 20. Theodorakopoulou E, Meghji S, Pafitanis G, Mason 
KA.  A review of the world’s published face trans-
plant cases: ethical perspectives. Scars Burn Heal. 
2017;3:2059513117694402.

 21. Lassus P, Lindford A, Vuola J, Back L, Suominen S, 
Mesimaki K, et al. The Helsinki face transplantation: 
surgical aspects and 1-year outcome. J Plast Reconstr 
Aesthet Surg. 2018;71(2):132–9.

 22. Lindford AJ, Makisalo H, Jalanko H, Lauronen J, 
Anttila VJ, Juteau S, et al. The Helsinki approach to 
face transplantation. J Plast Reconstr Aesthet Surg. 
2019;72(2):173–80.

37 Facial Reanimation in Face Transplantation



402

 23. Coffman KL, Gordon C, Siemionow M. Psychological 
outcomes with face transplantation: overview 
and case report. Curr Opin Organ Transplant. 
2010;15(2):236–40.

 24. Pomahac B, Aflaki P, Nelson C, Balas B. Evaluation 
of appearance transfer and persistence in central face 
transplantation: a computer simulation analysis. J 
Plast Reconstr Aesthet Surg. 2010;63(5):733–8.

 25. Caterson EJ, Diaz-Siso JR, Shetye P, Junker JP, Bueno 
EM, Soga S, et  al. Craniofacial principles in face 
transplantation. J Craniofac Surg. 2012;23(5):1234–8.

 26. Pomahac B, Papay F, Bueno EM, Bernard S, Diaz-Siso 
JR, Siemionow M. Donor facial composite allograft 
recovery operation: Cleveland and Boston experi-
ences. Plast Reconstr Surg. 2012;129(3):461e–7e.

 27. Pomahac B, Bueno EM, Sisk GC, Pribaz JJ. Current 
principles of facial allotransplantation: the Brigham 
and Women’s Hospital Experience. Plast Reconstr 
Surg. 2013;131(5):1069–76.

 28. Mohan R, Fisher M, Dorafshar A, Sosin M, Bojovic 
B, Gandhi D, et al. Principles of face transplant revi-
sion: beyond primary repair. Plast Reconstr Surg. 
2014;134(6):1295–304.

 29. Roche NA, Vermeersch HF, Stillaert FB, Peters KT, 
De Cubber J, Van Lierde K, et  al. Complex facial 
reconstruction by vascularized composite allotrans-
plantation: the first Belgian case. J Plast Reconstr 
Aesthet Surg. 2015;68(3):362–71.

 30. Aycart MA, Alhefzi M, Kueckelhaus M, Krezdorn N, 
Bueno EM, Caterson EJ, et al. A retrospective analy-
sis of secondary revisions after face transplantation: 
assessment of outcomes, safety, and feasibility. Plast 
Reconstr Surg. 2016;138(4):690e–701e.

 31. Rifkin WJ, David JA, Plana NM, Kantar RS, Diaz-Siso 
JR, Gelb BE, et al. Achievements and challenges in 
facial transplantation. Ann Surg. 2018;268(2):260–70.

 32. Aycart MA, Perry B, Alhefzi M, Bueno EM, 
Kueckelhaus M, Fischer S, et  al. Surgical optimi-
zation of motor recovery in face transplantation. J 
Craniofac Surg. 2016;27(2):286–92.

 33. Cavadas PC, Ibanez J, Thione A. Surgical aspects of a 
lower face, mandible, and tongue allotransplantation. 
J Reconstr Microsurg. 2012;28(1):43–7.

 34. Bueno J, Barret JP, Serracanta J, Arno A, Collado 
JM, Valles C, et al. Logistics and strategy of multior-
gan procurement involving total face allograft. Am J 
Transplant. 2011;11(5):1091–7.

 35. Brazio PS, Barth RN, Bojovic B, Dorafshar AH, 
Garcia JP, Brown EN, et al. Algorithm for total face 
and multiorgan procurement from a brain-dead donor. 
Am J Transplant. 2013;13(10):2743–9.

 36. Pomahac B, Pribaz JJ, Bueno EM, Sisk GC, Diaz- 
Siso JR, Chandawarkar A, et al. Novel surgical tech-
nique for full face transplantation. Plast Reconstr 
Surg. 2012;130(3):549–55.

 37. Meningaud JP, Benjoar MD, Hivelin M, Hermeziu 
O, Toure G, Lantieri L. Procurement of total human 
face graft for allotransplantation: a preclinical study 
and the first clinical case. Plast Reconstr Surg. 
2010;126(4):1181–90.

 38. Dorafshar AH, Bojovic B, Christy MR, Borsuk DE, 
Iliff NT, Brown EN, et al. Total face, double jaw, and 
tongue transplantation: an evolutionary concept. Plast 
Reconstr Surg. 2013;131(2):241–51.

 39. Ray WZ, Mackinnon SE. Management of nerve gaps: 
autografts, allografts, nerve transfers, and end-to-side 
neurorrhaphy. Exp Neurol. 2010;223(1):77–85.

 40. Bassilios Habre S, Bond G, Jing XL, Kostopoulos E, 
Wallace RD, Konofaos P. The surgical management 
of nerve gaps: present and future. Ann Plast Surg. 
2018;80(3):252–61.

 41. Nichols CM, Brenner MJ, Fox IK, Tung TH, Hunter 
DA, Rickman SR, et al. Effects of motor versus sen-
sory nerve grafts on peripheral nerve regeneration. 
Exp Neurol. 2004;190(2):347–55.

 42. Moradzadeh A, Borschel GH, Luciano JP, Whitlock 
EL, Hayashi A, Hunter DA, et al. The impact of motor 
and sensory nerve architecture on nerve regeneration. 
Exp Neurol. 2008;212(2):370–6.

 43. Lantieri L, Hivelin M, Audard V, Benjoar MD, 
Meningaud JP, Bellivier F, et  al. Feasibility, repro-
ducibility, risks and benefits of face transplantation: 
a prospective study of outcomes. Am J Transplant. 
2011;11(2):367–78.

 44. Lantieri L, Grimbert P, Ortonne N, Suberbielle C, 
Bories D, Gil-Vernet S, et  al. Face transplant: long- 
term follow-up and results of a prospective open 
study. Lancet. 2016;388(10052):1398–407.

 45. Sosin M, Ceradini DJ, Hazen A, Levine JP, 
Staffenberg DA, Saadeh PB, et al. Total face, eyelids, 
ears, scalp, and skeletal subunit transplant cadaver 
simulation: the culmination of aesthetic, craniofacial, 
and microsurgery principles. Plast Reconstr Surg. 
2016;137(5):1569–81.

 46. Topcu C, Uysal H, Ozkan O, Ozkan O, Polat O, 
Bedeloglu M, et  al. Recovery of facial expres-
sions using functional electrical stimulation after 
full-face transplantation. J Neuroeng Rehabil. 
2018;15(1):15.

 47. Khalifian S, Brazio PS, Mohan R, Shaffer C, 
Brandacher G, Barth RN, et al. Facial transplantation: 
the first 9 years. Lancet. 2014;384(9960):2153–63.

 48. Bradshaw PO, Nelson AG, Fanton JW, Yates T, 
Kagan-Hallet KS.  Effect of hyperbaric oxygenation 
on peripheral nerve regeneration in adult male rabbits. 
Undersea Hyperb Med. 1996;23(2):107–13.

 49. Haapaniemi T, Nylander G, Kanje M, Dahlin 
L.  Hyperbaric oxygen treatment enhances regen-
eration of the rat sciatic nerve. Exp Neurol. 
1998;149(2):433–8.

 50. Sanchez EC.  Hyperbaric oxygenation in periph-
eral nerve repair and regeneration. Neurol Res. 
2007;29(2):184–98.

 51. Vilela DS, Lazarini PR, Da Silva CF. Effects of hyper-
baric oxygen therapy on facial nerve regeneration. 
Acta Otolaryngol. 2008;128(9):1048–52.

 52. Wei LX, Cao YT, Liu HQ. Effects of neural growth 
factor and hyperbaric oxygen on nerve regeneration 
after hypoxic ischemic brain injury in newborn mice. 
Zhonghua Er Ke Za Zhi. 2008;46(9):714–6.

W. Gibreel et al.



403

 53. Ince B, Arslan A, Dadaci M, Oltulu P, Bilgen F. The 
effect of different application timings of hyperbaric 
oxygen treatment on nerve regeneration in rats. 
Microsurgery. 2016;36(7):586–92.

 54. Tal S, Hadanny A, Sasson E, Suzin G, Efrati 
S. Hyperbaric oxygen therapy can induce angiogen-
esis and regeneration of nerve fibers in traumatic brain 
injury patients. Front Hum Neurosci. 2017;11:508.

 55. Tan JW, Zhang F, Liu HJ, Li Z. Hyperbaric oxygen 
ameliorated the lesion scope and nerve function in 
acute spinal cord injury patients: a retrospective study. 
Clin Biochem. 2018;53:1–7.

 56. Konofaos P, Terzis JK.  FK506 and nerve regenera-
tion: past, present, and future. J Reconstr Microsurg. 
2013;29(3):141–8.

 57. Shahraki M, Mohammadi R, Najafpour A. Influence 
of tacrolimus (FK506) on nerve regeneration using 
allografts: a rat sciatic nerve model. J Oral Maxillofac 
Surg. 2015;73(7):1438.e1–9.

 58. Yeh C, Bowers D, Hadlock TA. Effect of FK506 on 
functional recovery after facial nerve injury in the rat. 
Arch Facial Plast Surg. 2007;9(5):333–9.

 59. Lyons WE, George EB, Dawson TM, Steiner 
JP, Snyder SH.  Immunosuppressant FK506 pro-
motes neurite outgrowth in cultures of PC12 cells 
and sensory ganglia. Proc Natl Acad Sci U S A. 
1994;91(8):3191–5.

 60. Kano Y, Hiragami F, Kawamura K, Kimata Y, Nakagiri 
S, Poffenberger CK, et al. Immunosuppressant FK506 
induces sustained activation of MAP kinase and pro-
motes neurite outgrowth in PC12 mutant cells incapable 
of differentiating. Cell Struct Funct. 2002;27(5):393–8.

 61. Gold BG, Zeleny-Pooley M, Wang MS, Chaturvedi 
P, Armistead DM. A nonimmunosuppressant FKBP- 
12 ligand increases nerve regeneration. Exp Neurol. 
1997;147(2):269–78.

 62. Saxena K, Patro N, Patro I. FK506 protects neurons 
following peripheral nerve injury via immunosup-
pression. Cell Mol Neurobiol. 2007;27(8):1049–57.

 63. Kim JP, Hundepool CA, Friedrich PF, Moran SL, 
Bishop AT, Shin AY.  The effect of full dose com-
posite tissue allotransplantation immunosuppression 
on allograft motor nerve regeneration in a rat sciatic 
nerve model. Microsurgery. 2018;38(1):66–75.

 64. Benowitz LI, Routtenberg A.  GAP-43: an intrinsic 
determinant of neuronal development and plasticity. 
Trends Neurosci. 1997;20(2):84–91.

 65. Siemionow M, Gharb BB, Rampazzo A.  Pathways 
of sensory recovery after face transplantation. Plast 
Reconstr Surg. 2011;127(5):1875–89.

 66. Riessner D. Surgical procedure in tumors of parotid 
gland; preservation of facial nerve and preven-

tion of postoperative fistulas. AMA Arch Surg. 
1952;65(6):831–48.

 67. Ley A, Guitart JM. Clinical observations on sensory 
effects of trigeminal dorsal root section. J Neurol 
Neurosurg Psychiatry. 1971;34(3):260–4.

 68. Connor NP, Abbs JH.  Orofacial proprioception: 
analyses of cutaneous mechanoreceptor population 
properties using artificial neural networks. J Commun 
Disord. 1998;31(6):535–42; 53

 69. Terzis JK, Karypidis D.  Therapeutic strategies in 
post-facial paralysis synkinesis in adult patients. Plast 
Reconstr Surg. 2012;129(6):925e–39e.

 70. Azuma T, Nakamura K, Takahashi M, Ohyama S, 
Toda N, Iwasaki H, et al. Mirror biofeedback rehabili-
tation after administration of single-dose botulinum 
toxin for treatment of facial synkinesis. Otolaryngol 
Head Neck Surg. 2012;146(1):40–5.

 71. Filipo R, Spahiu I, Covelli E, Nicastri M, Bertoli 
GA.  Botulinum toxin in the treatment of facial 
synkinesis and hyperkinesis. Laryngoscope. 
2012;122(2):266–70.

 72. Azizzadeh B, Frisenda JL.  Surgical management of 
postparalysis facial palsy and synkinesis. Otolaryngol 
Clin N Am. 2018;51(6):1169–78.

 73. Park YJ, Lee JW, Chong Y, Park TH. Botulinum toxin 
A increases allograft tolerance in an experimental 
transplantation model: a preliminary study. Biosci 
Rep. 2018;38(2):BSR20171721.

 74. Perry BJ, Richburg BD, Pomahac B, Bueno EM, 
Green JR.  The effects of lip-closure exercise on lip 
strength and function following full facial trans-
plantation: a case report. Am J Speech Lang Pathol. 
2017;26(2S):682–6.

 75. Bassiri Gharb B, Frautschi RS, Halasa BC, Doumit 
GD, Djohan RS, Bernard SL, et  al. Watershed 
areas in face transplantation. Plast Reconstr Surg. 
2017;139(3):711–21.

 76. Ross BR, Fradet G, Nedzelski JM.  Development of 
a sensitive clinical facial grading system. Eur Arch 
Otorhinolaryngol. 1994:S180–1.

 77. VanSwearingen JM, Brach JS. The Facial Disability 
Index: reliability and validity of a disability assess-
ment instrument for disorders of the facial neuro-
muscular system. Phys Ther. 1996;76(12):1288–98; 
discussion 98-300

 78. Slade GD, Spencer AJ. Development and evaluation 
of the oral health impact profile. Community Dent 
Health. 1994;11(1):3–11.

 79. Fischer S, Diehm Y, Dorante MI, Kotsougiani D, 
Kueckelhaus M, Alhefzi M, et  al. Software-based 
video analysis of functional outcomes of face trans-
plantation. Microsurgery. 2019;39(1):53–61.

37 Facial Reanimation in Face Transplantation



405© Springer Nature Switzerland AG 2021 
C.-H. J. Tzou, A. Rodríguez-Lorenzo (eds.), Facial Palsy, 
https://doi.org/10.1007/978-3-030-50784-8_38

3D, 4D, Mobile APP, VR, AR, and MR 
Systems in Facial Palsy

Johannes Steinbacher, Aaron Antaeus Metz, 
and Chieh-Han John Tzou

38.1  Introduction

In plastic and reconstructive surgery, many 
diagnoses are based on visual examinations; 
therefore, imaging technologies provide essen-
tial aids to support diagnosis and therapy. 
Objective analysis of facial movement is essen-
tial to quantify the extent of facial paralysis. 
This helps to predict the postoperative course 
of recovery and allows comparison of postop-
erative outcomes. Quantifying the degrees of 
facial palsy and the dimensions of facial move-
ments has long been assessed with various 
grading systems.
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Key Points
• 3D facial surface imaging systems are a 

fast, noninvasive instrument, which pro-
vides accurate measurement of the 3D 
movement of facial markings and can be 
used as an objective system for evaluat-
ing the effectiveness of various facial 
reanimation procedures, as well as for 
preoperative consultation.

• 4D imaging allows capturing the move-
ment of a 3D surface over time and is 
therefore especially suited for dynamic 
measurements, such as facial expressions.

• Mobile apps are a new trend, which will 
continue to evolve and further support 
the plastic surgeon. At present, the areas 
of application in facial surgery remain 
limited to supporting the patient during 
rehabilitation, surgical simulations, or 
helping with the application of clinical 
scores (e.g., eFace).

• The use of VR/AR offers a fast and 
patient- safe training to acquire surgical 
skills and help plastic surgeons operate 
faster and more accurately and therefore 
improve patient outcomes and reduce 
surgical morbidity.
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38.1.1  Subjective Diagnostic Tools

Subjective facial motion analysis tools  like the 
House-Brackmann, Sidney, or Sunnybrook 
facial scoring system [1–4], and patient ques-
tionnaire, such as the Facial Clinimetric 
Evaluation (FaCE) Scale, are subject to evalua-
tion by the examiner and may comprise investi-
gator’s rating [5]. The House-Brackmann scale 
for facial grading, introduced in 1985, is the 
North American standard used for evaluating 
facial function and classifying facial paralysis 
[3]. In further consequence, subsections for the 
diagnosis of facial synkinesia had been devel-
oped. These included the “Facial Grading 
System” [1], the “regional House-Brackmann 
facial nerve grading system” [6], the “Sydney 
facial grading system” [7], and patient question-
naires specifically aiming at synkinesia, such as 
the “Synkinesis Assessment Questionnaire” [8] 
and the “FaCE Scale Instrument” [5], were 
introduced. Subjective diagnostic tools for 
facial function are easy to use and inexpensive, 
but do not provide completely accurate facial 
function.

38.1.2  Objective Diagnostic Tools

Sawyer et  al. highlight the importance of 
quantitative analysis of the healthy side in uni-
lateral facial palsy to aid reconstruction of the 
paralyzed side, as well as the additional help 
for Mobius syndrome with bilateral facial 
palsy in recreating the smile [9]. Classic tech-
nologies include stereolithography, stereo- 
photogrammetry, structured light, moiré 
topography, image subtraction techniques, 
light luminance scanning, laser scanning, and 
video systems [10].

Objective assessment of facial nerve function 
is crucial for adequate planning and evaluating 
therapeutic interventions in patients with facial 
palsy [11–13]. In particular, the three-dimen-
sional analysis of facial function for pre- and 
postoperative examination, adequate surgical 
planning, and evaluation and research in facial 

surgery has become indispensable [12]. 
Diagnostic systems that rely on the technique of 
three-dimensional video analysis, like the “3D 
Video Analysis System” developed by Frey et al. 
[11, 13–15], provide both quantitative and quali-
tative data of facial function [16–18]. Three- 
dimensional analysis allows the most precise 
assessment of facial movement. Gross et  al. 
found that two-dimensional analysis underesti-
mates three-dimensional excursions by up to 
43% [19].

Chuang et al. developed an objective scoring 
system for assessing smile excursion that is fast 
and easy to use. Since the mid-1990s, this has 
been used at Chang Gung Memorial Hospital for 
pre- and postoperative assessment of smile 
reconstruction outcomes [20].

38.1.3  Current Status

Several subjective and objective diagnostic 
tools have been reported for the quantification 
of facial nerve palsy. Multiple centers around 
the world have created their individual diag-
nostic instruments, but an international stan-
dard has not yet been created [21]. A brief 
summary of the subjective and objective diag-
nostic of a facial palsy grading system is pro-
vided in the following paragraphs. Quality 
assurance in facial reanimation surgery is 
essential and requires adequate tools to docu-
ment the preoperative and postoperative sta-
tus. Due to the versatile changes of the surface 
of three-dimensional nature of facial move-
ments and expressions, these set challenging 
requirements for 3D and 4D systems [9, 10, 
22–26].

This chapter introduces the technical aspects 
of 3D and 4D systems, mobile apps, and virtual 
technologies relevant for the facial palsy sur-
geon. Reflecting rapidly ongoing advances in 
optical systems and data-processing software, 
this chapter focuses on the typical features and 
strengths of each system, rather than on techni-
cal data, which tend to become outdated 
quickly.
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38.2  Technical Aspects

Most 3D and 4D systems fall into three systems: 
structured light analysis, stereophotogrammetry, 
and optical-based analysis of images/frames of 
videoshots.

Laser- and optics-based technologies for sur-
face imaging have evolved considerably over 
time and are increasingly used in medicine. 
Optics-based technologies for surface imaging 
include stereophotogrammetry and structured 
light. In the following section, the basic principles 
of these technologies are presented in more 
detail.

38.2.1  Structured Light

This technique is probably best known for the 
touchless 3D scanning of fingerprints. 
Visualization of three-dimensional surfaces uti-
lizing structured light requires the projection of 
known patterns such as grids, dots, or horizontal 
bars onto the desired object. At least one camera 
from a different perspective is needed to capture 
the distortion of this structured light from its 
original pattern. The information is then pro-
cessed for the geometrical reconstruction of the 
surface structure.

Imperceptible light, such as infrared light, can 
be used to avoid undesired interference of these 
patterns with other imaging software; however, if 
multiple cameras are used, pictures need to be 
taken in sequence to avoid pattern overlapping 
due to the different viewpoints. This results in a 
prolonged data acquisition process, which in 
human subjects can be disadvantageous for data 
accuracy [27].

38.2.2  Stereophotogrammetry

Three forms of stereophotogrammetry can be 
distinguished: active, passive, and hybrid.

Active stereophotogrammetry combines 
natural texture correspondences with random 
unstructured light patterns projected on the 

surface of the desired object. In contrast to 
structured light, the camera is not previously 
calibrated with the characteristics of the pro-
jected light pattern. The latter simply works 
as an additional source for two-dimensional 
information that can be captured by the stereo 
triangulation process and converted into a 
more detailed three-dimensional image. 
Active stereophotogrammetry resists the oth-
erwise confounding effects of ambient 
lighting.

Passive stereophotogrammetry relies heav-
ily on sufficient texture correspondences (e.g., 
skin imperfections, freckles, wrinkles) on the 
surface of the target object. High-resolution 
cameras are needed to feed the associated 
imaging software with high-quality two-
dimensional images, which are processed into 
a three-dimensional geometry model by using 
sophisticated stereo triangulation algorithms. 
After the surface has been calculated, color is 
added by the software. Passive stereophoto-
grammetry requires careful management of 
ambient light. In contrast to active stereopho-
togrammetry, with this method highly direc-
tional ambient light can cause glare effects on 
the surface of the subject, which affects the 
detail of the texture. Scattered light can pro-
duce undesired reflections, potentially disturb-
ing data processing. The detailed mathematical 
and optical design principles of photogramme-
try for the creation of three- dimensional sur-
face images have already been described in 
detail in the literature [27, 28]. Compared with 
older surface-imaging modalities, the coverage 
of up to 360° and a fast acquisition speed are 
particularly noteworthy.

Hybrid stereophotogrammetry integrates both 
active and passive techniques, to provide higher 
quality and accuracy in creating a three- 
dimensional surface image.

For evaluation of follow-up data taken with 
3D stereophotogrammetry, interobserver reliabil-
ity was less than intraobserver reliability; it was 
therefore recommended that only one observer 
should assess 3D stereophotogrammetry data for 
follow-up measurements [29].
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38.2.3  Analysis of Images

For analyzing the images, the patient will usually 
be photographed digitally or videotaped. To 
access images from videotaped data, video 
sequences are edited and saved to image files for 
analysis.

38.2.3.1  Landmark-Based 
Approaches

The most common approach to grading facial 
palsies from a single RGB image is to use facial 
landmarks. Facial movements are measured by 
calculating the distance and angle between facial 
landmarks.

Comaniciu et al. performed tracking of land-
marks marked on the face using the software After 
Effects® CS 5 (Adobe Inc.). A special “mean-shift 
tracking algorithm” was implemented for this 
purpose [30] (Fig. 38.1). Accuracy of about 99% 

was achieved. Landmarks covered by skin creases 
(e.g., lower eyelid rim) were recalculated with 
additional software programs [24].

Gaber et  al. [31, 32] implemented an auto-
matic system based on Kinect v2 real-time facial 
recognition software, where there is no need to 
place markers on the face.

Similarly, Park et al. [33] proposed a landmark- 
based system using a smartphone video recording 
(iPhone 4S and iPhone 6) without marker placing, 
which can distinguish facial palsy from normal 
subjects by analyzing three states of facial 
expression—resting, smiling, raising eyebrows—
without interference from the recording suround-
ings (Fig. 38.2).

Other methods, using facial landmark assess-
ment and asymmetrical facial features for objec-
tive quantitative assessment of facial palsy, 
provide promising results, which can be 
implemented in clinical routines [34, 35].

Fig. 38.1 This photograph demonstrates the function of 
the automatic tracking function of the software. The zoom 
window shows the tracking of right mouth corner during 
movement. The red trace visualizes the excursion already 

tracked, while the blue trace shows the excursion still to 
be tracked. (Reproduced with permission from Center for 
Virtual Reality and Visualization Research Ltd., Vienna, 
Austria, © 2010 VRVis Gmbh [24])
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38.2.3.2  Intensity-Based Approaches
Studies that recommend identifying facial 
motions using intensity-based features have been 
rare to date. In 2007, Monhar et al. proposed to 
use so-called optical flow-strain patterns as a 
simplified and appropriate method for visualizing 
and characterizing facial soft tissue [36] 
(Fig.  38.3). The proposed method has several 
unique characteristics. (a) Instead of using the 
image intensity, the strain pattern is used here for 
grading, as it is related to the biomechanical 
properties of the facial tissue that are unique to 
each individual. (b) The strain pattern is less 
sensitive to different illumination effects and face 
camouflage because it remains constant as long 
as the facial changes are reliably captured. (c) No 
special imaging equipment is required, as photos 
or videos of facial deformations can be captured 
with a regular video camera. In addition to 
generating an “identity signature,” the generated 
facial strain pattern of an expression reveals the 
facial dynamics of a person [37]. Although this 
system was able to track almost all (99%) pixels, 
a 3D calculation of pixel excursion in millimeters 
was not yet feasible.

The optical flow-based method [38] and the 
multiresolution local binary pattern (MLBP) [39] 
showed promising results in automatic objective 
facial palsy grading. Guo et al. [40] proposed a 
Convolution Neural Network (CNN) based on 
GoogLeNet [41] by exploiting pattern recognition 
methods to perform objective facial palsy 

classification with a pretrained inception model. 
This system provided 91.25% accuracy for pre-
dicting the degree of facial palsy using the House-
Brackmann scale based on a facial palsy image 
dataset.

Compared with landmark-based approaches 
by AAM technology [42], the application of a 
pretrained CNN [43], in combination with the 
Supervised Descent Method (SDM) [44], has the 
advantage of numerical stability during 
localization of landmarks, improved speed, and 
less sensitivity against slight nuances of facial 
expressions in the CNN training model (usually 
standard emotions using publicly available 
datasets) and the ability to analyze expression of 
facial palsy that differs from normal facial 
movements [45]. However, Zhuang suggested 
that a combination of landmarks-based and 
intensity-based approaches is essential to produce 
the most accurate results in facial palsy grading, 
when compared with either landmarks or 
intensity approaches separately [46].

38.3  Overview of 3D and 4D 
Surface-Imaging Software

Advances in optical systems and data processing 
software allowed ongoing improvements in the 
assessment of facial expressions. The 3D systems 
presented below are briefly explained in the fol-
lowing sections.

a b c d

Fig. 38.2 Examples of images analyzed (a–d). The red dots represent 68 selected landmarks [33]. (© Figure distrib-
uted under the Creative Commons Attribution License)
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38.3.1  3D Video Analysis

The 3D video analysis system presented here 
consists of a system of specially arranged mirrors, 

a grid for calibration, and a commonly used digi-
tal video camera (Fig. 38.4). Eighteen facial ana-
tomical landmarks were set, which are 
standardized and easy to reproduce. Three of 

Fig. 38.3 Representation of facial expressions in the 
form of an “optical flow” (line 2) and as an “optical 
stretch” (line 3) in the example sequence. Different colors 
correspond to different directions of vectors; intensity of 
color correlates with strength of deformation. Whiter 

regions correspond to higher strain strength, while black 
regions contain no strain. (Reproduced with permission 
from the Department of Computer Science and 
Engineering, University of South Florida, Tampa, FL, © 
2010 [24])
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them are static and 15 are dynamic. The static 
points are marked with 5 mm plastic light balls. 
Black eyeliner is used to mark the dynamic 
landmarks as 2  mm black dots. All markings, 
except for the points of the philtrum and the 
center of the nose, were placed on each side of 
the face [11]. Frey et al. performed standardized 
video recordings of the subjects. After selecting 
the most suitable video sequences, these were 
edited and saved as video and image files on a 
storage medium. Subsequently, the 3D 
coordinates of landmarks in the face were 
generated using the specially programmed 
software Facialis®. Visualization of the generated 
data was done with the FaciShow® program. Both 
programs were specially developed by the 
Laboratory of Biomechanics of the Swiss Federal 
Institute of Technology, Zurich, Switzerland. 
This allows two- and three-dimensional 
trajectories of each set marker in motion to be 
evaluated [15, 24].

38.3.2  3dMD

3dMD (www.3dmd.com),  since 1999 based in 
London, UK, and Atlanta, GA, USA, combines 
modular hardware architecture with an adaptable 
software environment. This interchangeability of 
components and the ability to upgrade existing 
systems allow for significant efficiency. These 
modular units consist of industry standard 
cameras that work with a set of scaffolding and 
mounting systems. The 3dMD technology 
utilizes hybrid stereophotogrammetry (active and 
passive) with software algorithms using the 
texture of the skin, as well as projected random 
patterns, to stereo-triangulate and generate a 
three-dimensional surface image. For the facial 
plastic surgeon, the following are the most 
suitable: 3dMDface (Fig. 38.5), 3dMDhead, and 
3dMDdynamic 4D systems. The 3dMDDynamic 
4D system enables 4D video analysis (3D over 
time).

Fig. 38.4 Schematic drawing of the “3D video analysis system” setup. (Reproduced with the permission of Lippincott 
Williams & Wilkins [47])
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3dMD provides image fusion software called 
3dMDvultus that combines a 3dMD surface 
image with computer tomography (CT), cone- 
beam computed tomography (CBCT), or 
digitalized training models. The program offers a 
variety of features to help assess patient condition, 
plan and simulate treatments and surgeries, and 
evaluate results. Other features include real-time 
3D volume and cross-sectional visualization. 
There is the option to automatically load DICOM 
with stored orientation transformation. Patient 
images can be overlaid; surface measurement 
(distance/angle) and sophisticated 3D 
landmarking can be accomplished. Of particular 
interest are the superimposition and thus the 
comparison of pre- and postoperative conditions 
as well as the quantitative evaluation of surface 
and volume changes.

The 3dMDtempus software even allows the 
analysis of the skin dynamics of the subject in 
ultra-dense resolution. Furthermore, it allows 
dynamic analysis of posture, functional motion 
as well as a visualization of soft tissue 
deformations in sequence or in isolation.

Several studies confirmed the high precision 
and reproducibility of the 3dMD Systems. By 
comparing the data captured with 3dMD’s system 
and Maxilim (Medicim NV, Mechelen, Belgium), 
for the evaluation of outcomes in oral and 
maxillofacial surgery, Maal et al. found the intra- 
and interobserver error of the reference-based 
registration to be 1.2 and 1.0  mm, respectively 
[48]. In a comparison with anthropometric 
landmark coordinate data in terms of precision, 
error, and repeatability, Aldridge et  al. attest to 
the high repeatability and precision of the 
3dMDface System [49].

Lubbers et al. recommend the 3dMD system 
for evaluating and documenting the facial surface. 
In a measurement on mannequins, they state the 
reliability with a mean global error of 0.2  mm 
(range, 0.1–0.5 mm) [50]. Hong et al. confirmed 
the accuracy of all landmarks and parameters 
analyzed in this study with the 3dMDface system 
by measurements on a mannequin. The mean 
total errors were below 1.00 mm for both linear 
and surface parameter measurements [51]. De 
Menezes found that the 3dMd method was 

Fig. 38.5 Mounted 3dMDface System. (Reproduced with permission from 3dMD, © 2020)
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repeatable, and random errors were always lower 
than 1 mm [52]. Concordance between craniofa-
cial measurements using the 3dMDface system 
compared with manual anthropometry showed a 
significantly greater variability in manual com-
pared with 3D assessments (p < 0.02) [53].

38.3.3  Artec3D

Artec3D (https://www.artec3d.com) is an inter-
national group of companies with their headquar-
ters in Luxembourg, where it was founded in 
2007, and subsidiaries in the USA and Russia. Its 
products and services are used in various indus-
tries, including mechanical engineering, health-
care, media and design, and entertainment. Its 
scanners are structured (white) light scanners. 
The three-dimensional coordinates obtained in 
this way are used to digitally reconstruct the real 
object. Artec3D offers a variety of different for-
mats of 3D scanners, from portable solutions, 
like the Artec Eva (Fig. 38.6), to the Artec Ray 
for capturing large objects, like an airplane. For 
plastic surgery, only the formats Artec Leo, Artec 
Eva, Artec Eva Lite, and Artec Space Spider are 
of practical and reasonable size.

Artec Studio is 3D scanning and post- 
processing software. It guides the user through a 
series of questions regarding the properties of the 
scanned object and offers the ability to assist 

throughout the post-processing process. The 
autopilot mode automatically joins the scans 
within a parent coordinate system, selects post- 
processing algorithms, and cleans up captured 
data. Artec Scanning SDK is a freely distributed 
software development kit (SDK) that allows indi-
vidual users or companies to modify existing 
software or develop new software to work with 
Artec handheld scanners. It comes with tools and 
libraries that allow users to develop their own 
scan app to control their Artec 3D scanner and 
edit the recorded data. It is possible to add sup-
port for the Artec scanners to existing software or 
create a C++ plug-in for any commercially avail-
able software.

Koban et  al. compared the Artec3D scanner 
with a reference imaging system (Vectra XT from 
Canfield Scientific Inc) and demonstrated that 
three-dimensional surfaces captured for facial 
imaging by Artec Eva are similar in accuracy to 
those of Vectra XT reference images [54].

38.3.4  Di4D

Dimensional Imaging (Di4D, formerly Di3D, 
https://www.di4d.com) was founded in 2003 and 
is based in Glasgow, Scotland (UK), with a 
subsidiary in Los Angeles, California (USA). 
The Oscar-winning company provides systems, 
solutions, and services for high-resolution 3D 
and 4D visual field acquisition. Its systems, based 
on passive stereophotogrammetry, with nine 
synchronized 12-megapixel machine vision 
cameras create ultrahigh-resolution three- 
dimensional surface images able to cover 180° of 
the face using standard digital still cameras and 
allow the capture of fine nuances of the unique 
nature of facial expressions.

Di4D also offers the world’s first commercial 
head-mounted camera system (Fig.  38.7) using 
passive stereophotogrammetry, remote control, 
and live recording at up to 60 frames per second. 
The data video sequence can be evaluated with 
DI4D optical flow tracking software.

Winder et al. analyzed the geometric accuracy 
and found a mean error of 0.057 mm, a repeatabil-
ity error (variance) of 0.0016  mm, and a mean 

Fig. 38.6 Scanning a subject with Artec Eva. 
(Reproduced with permission from Artec3D, © 2020)
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error of 0.6  mm for linear measurements com-
pared to manual measurements [55]. Khambay 
et  al. evaluated the accuracy and reproducibility 
compared to a coordinate measuring machine and 
found an average system error of 0.21 mm (range 
0.14–0.32  mm) [56]. Fourie et  al. compared 3D 
stereophotogrammetry (Di3D system), laser sur-
face scanning (Minolta Vivid 900), and CBCT 
(3dMD) and concluded that all are precise and 
reliable for use in research and clinical applica-
tions [57]. Wong et  al. demonstrated that their 
digital measurements with the 3dMD system were 
reliable, precise (with a mean absolute difference 
across all measures lesser than 1 mm), accurate, 
and unbiased relative to direct anthropometry [58].

38.3.5  Canfield

Canfield Scientific Inc. (www.canfieldsci.com), 
located in Fairfield, NJ, USA, was founded in 
1988. Canfield’s 3D surface imaging systems are 
based on passive stereophotogrammetry. 
VECTRA® H1 and H2 are handheld stand-alone 
units that use precision optics to produce high- 
resolution 3D images for facial aesthetics, breast 
and body aesthetics, and clinical documentation. 
The VECTRA® XT (Fig. 38.8) creates 3D images 
of the face, breast, and body as 360° images and 
circumferential measurements.

Canfield’s Mirror® imaging software is a fully 
integrated solution for medical image manage-

ment, visual communication, and aesthetic simu-
lation. After defining the area of interest, the 
software automatically calculates the root mean 
square (RMS) distance values between the facial 
halves separately for each facial third, thus pro-
viding a set of symmetry values. Biomechanical 
3D analyses are possible by precisely superim-
posed image information. This software includes 
an automated quantitative approach for assessing 
soft tissue changes, which characterizes the 
degree of stretching, compression, lifting, and 
volumization (Fig. 38.9).

Canfield’s surface registration procedure has 
already been applied to facial palsy patients and 
has been found to be highly repeatable [59]. 
Sawyer et  al. found in their research that intra- 
rater reliability for measurements of facial 
landmark motion and angle was very accurate 
(intra-class correlation coefficients >0.93 for 
both raters; intra-class correlation coefficients 
>0.92 for inter-rater reliability) [9]. Oliveira- 
Santos et  al. evaluated the accuracy of the 
3D-FACE-Simulator by comparing synthetic and 

Fig. 38.8 Canfield Vectra XT system. (Courtesy of 
Canfield, Fairfield, New Jersey. Reproduced with 
permission from Canfield, © 2020)

Fig. 38.7 Di4D’s portable head-mounted camera. 
(Reproduced with permission from Dimensional Imaging 
Limited, © 2020)
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real faces. Their investigations revealed an aver-
age reconstruction error over the entire data set 
(338 faces) of less than 2  mm [60]. They con-
clude from their results that the simulation is suf-
ficient for use in consulting. De Menezes et  al. 
showed that Canfield’s 3D stereophotogrammetric 
imaging system can assess the coordinates of 
facial landmarks with good precision and 
reproducibility and confirm that Canfield’s 
method is fast and can obtain facial measurements 
with few errors [52]. In a study by Spanholtz 
et  al., the Vectra technology reliably recorded 
even volume differences of less than 3 cm3 and 
the values measured manually on the body and 
those measured by the Vectra system showed a 
mean deviation of only 0.55 mm [61]. Vectra H1 
showed high repeatability and is suggested to be 
accurate and reliable enough for clinical and 
research applications [62].

38.3.6  Crisalix

Crisalix (http://www.crisalix.com), founded in 
2009 and based in Bern, Switzerland, is a lead-
ing tech company in the field of 3D aesthetic 
simulation. In contrast to the other companies 
presented, Crisalix does not offer any hardware 
but is purely a web-based 3D simulator for 
plastic surgery and aesthetic procedures. The 
patient can be imaged in 3D by either upload-
ing three standard digital photographs of the 
patient (front view and both profiles) or by 
using a portable 3D sensor (“Structure Sensor” 
from Occipital Inc.) connected to an iPad 
(Fig. 38.10). Crisalix software simulates plas-
tic surgery procedures such as breast augmen-
tation, nose correction, body contouring, and 
real-time 3D simulations via the Crisalix soft-
ware. Crisalix software simulation can be 

Fig. 38.9 Canfield’s 
software assesses the 
degree of extension, 
compression, elevation, 
and volumization. 
(Reproduced with 
permission from 
Canfield, © 2020)
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viewed with virtual reality goggles: Oculus 
(Samsung) and Google Cardboard (Google) 
(Fig. 38.11).

There are only limited data available for vali-
dating the Crisalix system. Oliveira-Santos et al. 
evaluated the accuracy of the 3D-FACE- 
Simulator by comparing artificial and real faces. 
The average reconstruction error was below 
2 mm [60]. They conclude that the simulations 
provide sufficient precision for communication 

between the doctor and the patient to visualize 
facial treatment options.

38.3.7  Facegramm

Facegramm was first presented in 2016 by 
researchers in Porto, Portugal. This system is 
capable of quantitatively and objectively evaluat-
ing complicated three-dimensional facial move-

Fig. 38.10 Crisalix live simulation with 3D scanner plugged into iPad and streaming the simulation on a special mir-
ror. (Reproduced with permission. © 2020 Crisalix S.A.)

Fig. 38.11 With VR glasses, patients can access the Crisalix virtual showroom, where surgery simulations can be 
shown in real time. (Reproduced with permission. © 2020 Crisalix S.A.)
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ments by taking a series of static, dynamic, and 
morphological measurements. Color and depth 
images can be acquired using specific RGB-D 
cameras. An algorithm then tracks the location of 
anatomical landmarks of interest (Fig.  38.12). 
The system provides useful and detailed quantita-
tive information, both static and dynamic. These 
characteristics make this system a suitable solu-
tion for objective quantitative evaluation of facial 
movements in a clinical setting [25].

This system has been used in various clinical 
applications to evaluate facial functions, as in 
postoperative radiotherapy [63], and in long-term 
follow-up of facial palsy patients, whose paralytic 
lower eyelid retraction was improved with 
midcheek lifts [64]. Validation of this system was 
performed using a 3D print in an orthogonal 
three-dimensional coordinate system and resulted 
in 100 μm accuracy in all three directions [25].

38.3.8  FACE System

Facial Assessment by Computer Evaluation 
(FACE) software was announced in 2012 by ENT 
surgeons in Boston, USA [65], designed for 2D 
facial analysis. This system was built on the 
“Scaled Measure of Improvement in Lip 
Excursion” (SMILE) program [66], which used a 
MATLAB-based image analysis software tool 
from Mathworks Inc. for quantifying oral com-
missure excursions.

It evaluates the static positions of the anatomi-
cal landmarks in the face as well as the dynamic 

facial movements. Photoshop (Adobe Inc) is 
used to scale the images to be analyzed to the iris 
diameter (11.8 mm) for normalization [67] before 
assessment. To facilitate measurements with the 
built-in measurement tool for the areas of inter-
est, a horizontal line is set through the pupils and 
a vertical line is set to bisect the interpupillary 
line.

38.3.9  Kinect

Kinect (Version I and II, Microsoft, Albuquerque, 
United States) is based on structured light tech-
nology and time-of-flight measurement. The 
RMS accuracy of 3D images generated with 
Kinect I and Kinect II ranges between 0.84 and 
2.0 mm [68]. Kinect II was used to assess facial 
palsy and offers assessment scores according to 
three widely used traditional grading systems [32, 
69]. Various studies have applied Kinect system 
for automated classification of facial palsy [70–
73], interactive oral rehabilitation system [74], 
and systems that can grade facial palsy to set up a 
suitable rehabilitation program [75].

38.3.10  RealSense

Studies were carried out in Nijmegen, The 
Netherlands, in 2017 and 2020 [76, 77], validating 
the 3D geometric (depth) accuracy of facial palsy 
patients analysis with RealSense Depth Systems 
(Intel® RealSense™ Depth Camera D415 and 

Fig. 38.12 Graphical abstract of Facegramm system [25]
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RealSense™ Camera F200, Santa Clara, USA) 
by comparing these systems with a clinically 
validated 3dMD system. RealSense 
simultaneously captures both the color image and 
the depth image through the respective sensors 
(Fig.  38.13). Its measurements and 3dMD 
measurements expressed on average the 
agreement of −0.90  mm (−4.04 to 2.24) and 
−0.89  mm (−4.65 to 2.86) for intra- and inter- 
rater agreement, respectively [76]. Based on the 
reported reliability and agreement of the 
RealSense measurements, RealSense can be 
considered as a viable option to perform objective 
3D facial palsy measurements. These studies 
were intended to be a foundation for implementing 
RealSense in a clinical or telemedicine setting, to 
assess facial palsy patients.

38.3.11  Smart Facial System

Scientist from Rome, Italy, proposed a video sys-
tem that captures patients’ facial movement with 
gray, circular retroreflective self-adhesive mark-
ers. The video was recorded using a commercial 
smartphone, within a weakly illuminated room, 
with the smartphone light switched on. Virtual 
Instrument (VI) software developed in Lab-
VIEW (Laboratory Virtual Instrument 
Engineering Workbench) was used to grade the 
patients’ facial palsy. Video recordings of patients 
were assessed by three blinded examiners using 
the House-Brackmann and Sunnybrook facial 
scoring systems; the third investigator, an inde-

pendent technician, performed the assessment 
using the SMART FACIAL system. Consistency 
of rating between scores obtained using all three 
assessment methods was observed in 87% (n = 41 
patients). Statistical analysis found a significant 
correlation between these three grading systems 
(p < 0.0001) [78, 79].

38.4  Mobile Apps

Mobile apps for smartphones or tablets are an 
emerging trend. From playful apps that allow 
users to apply “beauty filters” to their photos 
to complex programs that simulate plastic sur-
gery operations on the face, there is a wide 
variety of apps for smartphones. There is even 
an app to support and guide patients during 
rehabilitation after facial paresis. A few inter-
esting and helpful apps for the plastic facial 
surgeon are briefly described below. It can be 
assumed that the market for apps for both phy-
sicians and patients will continue to grow. VR 
apps can help not only during the counseling 
process, but also in incorporating the patient’s 
expectations.

38.4.1  FACE2FACE® App

The Face2Face Facial-Palsy-App (Kapios 
Health, Toledo, USA) supports the treatment 
and rehabilitation of patients with facial paraly-
sis (Fig. 38.14). The application uses the prin-

a b c d

Fig. 38.13 A single frame from a RealSense data set is 
shown, which at the same time captures the color image 
(a) and the depth image (b), by the color sensor and the IR 
sensor, respectively. The depth data can be also shown 

from different angles, e.g., from a lateral view (c). When 
zooming in, the individual points of the cloud become 
visible (d) (ten Harkel et al., 2017). (© Figure distributed 
under the Creative Commons Attribution License)
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ciple of mirror biofeedback therapy, which has 
been associated with positive results in treating 
idiopathic facial paralysis [80, 81]. The pro-
gram works like a double-mirrored slit mirror 
and projects the unaffected side onto the 
affected side, creating the illusion of a com-
plete, symmetrical face. This is intended to put 
the patient in a positive and motivating environ-
ment while performing the exercises with suf-
ficient repetition to bring about long-term 
synaptic changes [82].

38.4.2  eFace App

The eFace App is a Clinician-Graded Electronic 
Facial Paralysis Assessment (eFACE) by 
Massachusetts Eye and Ear Infirmary (Boston, 
USA) (Fig. 38.15). The app is available through 
the Apple Appstore for iOS devices. This applica-
tion can be used for rapid quantitative and graphi-
cal representation of various facial function values 
in patients with unilateral facial paralysis using 
visual analog scales [83]. It evaluates resting 

Fig. 38.14 Face2Face 
Facial-Palsy-App on the 
iPad. (Reproduced with 
permission from 
Kapioshealth.com, © 
2020)
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(static), dynamic motion, and synkinesis move-
ments in facial palsy patients. It has a high test-
retest correlation [84], validity and reliability [85].

38.5  Virtual, Augmented, and Mix 
Reality in Plastic Surgery

Virtual reality (VR) is the representation and 
simultaneous perception of reality in a real-time 
computer-generated interactive virtual 
environment. In other words, it is a fully 
immersive experience, where a user leaves the 
real-world environment behind to enter a fully 
digital environment via a VR headset. In contrast 
to this, a user in augmented reality (AR) 
experiences virtual objects superimposed onto 
the real-world environment via smartphones, 
tablets, and heads-up displays via AR glasses or 
displays. Mixed reality works with digital overlay 
displays that project interactive holograms into 
the user’s field of view.

The user sees the real world while being able 
to modify the digital content generated by the 
device. Control over the imaged content is often 
possible through verbal commands and hand ges-
tures [86].

These technologies provide physicians with 
hands-free, real-time access to internet resources, 
prebuilt content environments, or even electronic 
medical records. VR is a powerful tool, which is 
increasingly being used in surgical training for 
laparoscopic procedures [87, 88]. With AR 
glasses, surgeons can project details of ultra-
sound, X-ray, or MRI images directly in the oper-
ating area [89]. This feature benefits trainees in 
technically sensitive procedures by overlaying 
the surgical field with patient-specific clinical 
information (e.g., flap perfusion or depth and 
location of vessels) [90]—which was proven to 
have positive effects on the learning curve and 
the improvement of basic psychomotor skills in 
the operating room [91–95]. Radiological anat-
omy 3D VR trainings can be achieved by trans-
forming 2D images into a 3D model by using 
thresholding and segmentation [96].

For highly specialized and complex surgery, it 
would be beneficial for doctors and patients to 
train for each specific facial palsy surgery. Region 
modules for each specific facial palsy surgery can 
be created with inputs to control the rotational 
and translational movement of 3D models in the 
virtual space. 3D models can be rendered to allow 
users to explore 3D models by using head tilt and 

Fig. 38.15 The eFace App for mobile devices. (© Massachusetts Eye and Ear)
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controller input, visualizing essential steps and 
structures during each surgical procedure. These 
modular VR trainings will increase educational 
interactivity (www.facialpalsy.eu). VR provides a 
rich, interactive, and engaging educational 
context, which supports learning-by-doing and 
intuitive understanding of anatomic structures in 
3D space. With the enhanced learning curve, it 
raises interest and motivation and effectively 
supports knowledge retention and skills 
acquisition [97].

The benefits of microsurgery VR simulators 
are endless repetitions of surgery, a safe environ-
ment for trainee and patients, a return to the 
training program wherever the user has left it, 
possible stress-free conditions for best learning, 
and reduced costs associated with maintaining 
animal-based and cadaver-based surgical train-
ing [98].

In today’s society, interest in safer patient and 
medical staff workplaces is growing. The need 
for cost-effective training of personnel and the 
use of live data as training modules to model 
certain surgical scenarios are increasing. Surgical 
situations may involve a multiprofessional team 
of surgeons, anesthesians, nurses, and medical 
specialists, all working on one patient at the same 
time. However, existing simulations are focused 
on monoprofessional training, omitting the 
crucial communications and interactive 
collaboration between the teams. Models for 
multiprofessional medical team training can be 
developed from following emergency 
management education that addresses the 
combination of activity theory and naturalistic 
decision-making and recognition-primed 
decision models, implemented to build a basis for 
a pedagogical model for multiprofessional 
emergency management training [99].

Virtual Surgical Planning (VSP) is an evolv-
ing technology that updates reconstructive sur-
gery with increased reconstructive accuracy, 
faster surgical procedures, and improved out-
comes [100, 101]. AR has already been success-
fully used in the preoperative planning and 
execution of various plastic surgery procedures 
[101–104].

38.6  Telemedicine

Telemedicine is an upcoming technology, 
which facilitates the exchange of medical infor-
mation to assist medical staff to diagnose and 
treat at a distance. Because the numbers of 
plastic surgery specialists are limited and 
because plastic surgery diagnoses are based on 
visual examination, this technology can extend 
our expertise to remote sites, beyond major 
medical centers [105]. Telemedical assessment 
of facial palsy patients with the House-
Brackmann and Sunnybrook grading systems 
was tested and found to be as reliable as face-
to-face assessment, but insufficient when syn-
kineses needed to be evaluated [106]. Moreover, 
telemedicine has the potential to increase the 
efficiency of postoperative care for microsurgi-
cal procedures, improve care coordination and 
management of burn wounds, and facilitate 
interprofessional collaboration, thus eliminat-
ing unnecessary referrals and connecting 
patients located far from major medical centers 
with plastic surgery specialist “without imping-
ing on—and in some cases improving—the 
quality or accuracy of care provided” [107]. 
During the COVID-19 crises, telemedicine 
served as an essential tool, to provide continu-
ous personal medical service to high-risk 
patients and patients unable to travel long dis-
tances [108]. Furthermore, a study in the United 
Kingdom reported that telemedicine could 
improve access to the delivery of facial palsy 
therapy via telerehabilitation, and that “one 
legacy of the pandemic may be lower organiza-
tional barriers to telemedicine, especially if 
cost effectiveness can be demonstrated” [109]. 
Telemedicine potentially has far-reaching 
effects on healthcare delivery—locally, nation-
ally, and internationally [110]. Since telemedi-
cine has been used and expanded by a variety of 
healthcare professionals, its legal implications 
need to be thoroughly considered to safely inte-
grate privacy and medico-legal issues of elec-
tronic communications into daily practice. 
Further research is needed to conclusively dem-
onstrate its benefit in routine clinical care.
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38.7  Conclusion

Although a lot of research has been conducted 
over the decades to analyze facial movements, no 
objective method for facial grading has yet 
become universally accepted. Surgical therapy 
results are therefore difficult or impossible to 
compare [12, 111]. Subjective methods for facial 
palsy classifications, such as the House- 
Brackmann scale [3] and the Sunnybrook facial 
grading system [1], are reliable and easy to apply. 
However these systems are observer-dependent 
subjective assessments [112] and have a pro-
nounced intersubject and interobserver variability 
[21], restricting the clinical use of such subjective 
analysis instruments, particularly planning treat-
ments or evaluating interventions [13, 113].

Technologies have evolved rapidly over the 
past few decades, leading surgeons into a new era 
of opportunity that will transform working as a 
surgeon, training, preoperative planning, 
comparing outcomes, and communicating with 
patients. Technologies used in 3D and 4D 
imaging systems and in virtual, augmented, and 
mixed reality are emerging and beginning to be 
applied clinically; however, more trials and 
evidence will be needed to define the practicabil-
ity of these systems in routine work.
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A
Acellular nerve allografts (ANAs), 274
Acquired facial paralysis with unknown facial nerve 

status, 61
Acupuncture, 13
Acute otitis media, 18
Adipofascial flap, 314
Affiliative smiles, 135
Anterolateral thigh (ALT) flap, 94–96
Artec 3D, 413
Asymmetric crying facies, see Congenital unilateral 

lower lip palsy
Augmented reality (AR), 420, 421
Auriculotemporal nerve, 75
Axonotmesis in Seddon classification, 56

B
Babysitter procedures, 84, 104
Bell’s palsy, 8, 11–14
Bilateral facial palsy, 11, 14, 15, 17, 18
Bilateral peripheral facial palsy, 15
Blepharoplasty, 307, 308
Blink reflex studies, 50, 51
Borrelia burgdorferi, 16
Borrelia infection, 16
Botox smile, 133
Botulinum toxin (BoNt), 42, 219, 301–304
Botulinum toxin A, 400

C
Campylobacter jejuni, 17
Canfield, 414, 415
Canine smile, 133
Canthopexy, 255, 308, 309
Canthoplasty, 255
Central nerve system/intratemporal nerve injuries with 

not available facial nerve stump, 62, 64
Cerclage technique, 260
CHARGE syndrome, 20
Cheek dimples, 135
Chimeric free flap reconstruction, 96–97, 312–314
Chronic suppurative otitis media, 18

Chuang’s smile cortical adaptation staging system, 33
Chuang’s smile excursion score, 33, 34, 40
Coaptation techniques, 106
Complete flaccid facial palsy

brow ptosis, 217, 218
complete loss of tone and motion, 206
FFMT, 213
forehead asymmetry, 208
longstanding facial palsy, 213
lower lid ectropion, 216, 217
lower lip deformity, 213
mid and lower face

detailed preoperative markings, 211
nasolabial incisions, 211
natural nasolabial fold, 211
patient presentation, 206
pre-auricular incision, 211

periorbital region, 207, 208
regional muscle transfers

corneal protection, 215
lower lip, 215
midface, 214

subacute facial paralysis, 213
upper eyelid lagophthalmos, 216

Compound muscle action potential (CMAP), 48, 49
Congenital facial palsy, 20
Congenital unilateral lower lip palsy, 20
Contour deformity

cause, 312
complex facial paralysis

chimeric flap design, 312, 313, 315
donor sites, 314–316
tissue component, 313, 314

etiology, 311
functional muscle flap, 312
secondary revision, 316

Corneal neurotization
acellular nerve allografts, 274
corneal clarity and surface health, 279
corneal nerve fiber loss, 270
definition, 269
direct corneal neurotization techniques, 275
donor nerve dermatomes, 275
etiology of, 270
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follow up, 271
frontal craniotomy, 271
great auricular nerve grafts, 274
indications and contraindications, 270–271
indirect corneal neurotization techniques, 276–279
lacrimation, 280
Mackie classification, 270
minimally invasive corneal neurotization, 271
nerve grafts, 272, 279
ophthalmic assessment, 275
past medical history, 275
physiological epithelial renewal and repair 

mechanisms, 270
postsurgical management and complications, 279
potential axon donor nerves, 272, 273
sural nerve grafts, 274
visual rehabilitation, 280

Cortical adaptation stage, 158
Cortical representation, 3, 7
Corticosteroids, 17
Cranial nerve (CN)7

facial, intermediate and vestibulocochlear nerve, 72
fallopian canal, 72
features along the passage of facial nerve through 

cranium, 73
motoric portion of CN7

extracranial segment, 74
innervation of facial muscles, 75, 78
intracerebral segment, 74
intracranial segment, 74
parotid plexus, 74, 75

ramification of facial nerve, 76
targets of CN7, 72
topology of branches of facial nerve, 77

Crisalix, 415, 416
“The Cross-Cultural Meanings of a Smile”, 131
Cross-face nerve grafting (CFNG) procedure, 80, 81, 

83–87, 198, 267
Cross-face trigeminal nerve transfer

advantage, 388, 389
anatomy, 380
operative techniques, 380, 381
patient history, 381, 383
supermicrosurgical techniques, 378, 388

D
Denervation time, 158
Depressor anguli oris (DAO), 324
Di4D, 413, 414
Digital single lens reflex (D-SLR) cameras, 34
Dimples, 135
Direct muscle neurotization, 59
Direct nerve repair, 58
Documentation

facial clinimetric evaluation scale, 31
facial paralysis special chart, 32, 33
House–Brackmann facial nerve grading system, 31
patient assessment, 32, 33
Sunnybrook facial grading system, 31

Dominance smiles, 135
Donor nerves

autologous nerve grafting in facial reanimation, 102
greater auricular nerve, 103
motor nerves, 103
sural nerve, 102, 103

Dual innervation, 65, 85
Duchenne smile, 133
Dynamic eye closure

cerclage technique, 260
free functional gracilis transfer, 265, 266
free functional muscle grafts, 264, 265
free functional platysma transfer, 266, 268
frontalis muscle transposition, 262, 263
orbicularis oculi transposition, 262, 264
static and/or dynamic components, 259
temporalis muscle transposition, 260–262

E
Ear infection, 18, 19
Ectropion correction, 255, 256
eFace App, 25, 419, 420
Electrical stimulation, 42
Electromyography (EMG), 49, 50
Electromyography-biofeedback (EMG-biofeedback), 41
Electrophysiological evaluation

blink reflex measures, 50, 51
compound muscle action potential, 48, 49
electromyography, 49, 50
good prognosis, 51
magnetic stimulation, 51
nerve conduction studies, 47
poor prognosis, 51

Emotrics objective tool, 26
Endoneurium, 56
Endoscopic assistance

cosmetic and reconstructive procedures, 347
donor facial nerve branches, 350
electrical stimulation, 349
free gracilis muscle flaps, 352
gracilis tendon/fascia lata, 349
hypertrophic scar formation, 353
minimally invasive surgical techniques, 350
naso-tracheal anesthesia, 348
preauricular incision, 348
reconstructive surgery, 350
scissor dissection, 348
smile vectors and nasolabial folds, 348
submandibular incision, 348
temporal fascia, 350
Tinel’s sign, 348
vertical incisions, 348
zygomaticus, 348

Endotine®, 288
End-to-side repair, 59
Enjoyment smile, 135
Erb’s point, 103
European Reference Networks (ERN), 340
Exercise therapy, 40
External neurolysis/nerve decompression, 57

Corneal neurotization (cont.)
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Extracapsular dissection, 110
Extracranial segment, 74
Extratemporal extraparotid/distal nerve injuries, 62, 63, 

66, 67
Extratemporal facial nerve trauma, 19
Eye closure, 60
Eyebrow reanimation, 60

F
Face transplantation (FT)

allograft procurement, 395, 396
facial nerve mapping, 396
goals of, 391, 394
motor function recovery, 398

sensory recovery and trigeminofacial 
communication, 399, 400

treatment, 399
motor nerve repair

bony fixation and allograft revascularization, 396
nerve grafts, 397
proximal vs. distal coaptation, 397, 398

nerve transfers and cross face nerve grafts, 398
orofacial complex function, 391
physical therapy and rehabilitation, 400
recipient’s and donor’s facial nerves, 394, 395
role of immunosuppression, 398, 399
surgical outcomes, 400, 401
synkinesis, 400

FACE2FACE® App, 418, 419
Facegramm, 416, 417
Facial Assessment by Computer Evaluation (FACE) 

program, 26, 340, 417
Facial bone fracture, 381
FACIAL CLIMA software, 358
Facial Clinimetric Evaluation (FaCE) scale, 24, 31
Facial colliculus, 74
Facial dimples, 135
Facial disability index (FDB), 24, 31, 401
Facial nerve

anatomy, 3
branches, 75, 78
central facial paralysis, 3, 4
facial nerve components, 4, 5
facial nerve motor, parasympathetic and sensory 

nuclei in brain stem, 6
left-sided peripheral facial paralysis, 3, 4

Facial Nerve Grading Scale 2.0 (FNGS2.0), 25
Facial nerve monitoring, 110
Facial nerve reconstruction

central nerve system or intratemporal nerve injuries 
with not available facial nerve stump, 62, 
64, 65

classification of levels of facial nerve injury, 62
direct muscle neurotization, 58
direct nerve repair, 58
end-to-side repair, 59
external neurolysis/nerve decompression, 57, 58
extratemporal extraparotid or distal nerve injuries, 

66, 67
facial nerve injury types, 56

innervation of mimetic muscles, 60, 61
intratemporal and extratemporal intraparotid nerve 

injuries with available facial nerve stump, 
64–67

nerve graft interposition, 58
nerve transfers, 58, 59
timing

acquired facial paralysis with unknown facial 
nerve status, 61, 62

oncological resection, 61
open facial nerve injuries with facial nerve 

deficits, 61
Facial palsy

augmented reality, 420, 421
bionic reanimation, 345
endoscopic surgery, 344, 345
ERN, 340
forehead reanimation, 340
ICHOM, 340
lower lip reanimation, 342, 343
mix reality, 420, 421
mobile apps

eFace App, 419, 420
FACE2FACE® App, 418, 419

multi-dimensional training models, 344
nose reanimation, 342
objective diagnostic tools, 406
periocular complex, 341, 342
quality assurance, 406
subjective diagnostic tools, 406
synkinesis, 343, 344
3D and 4D systems

Artec 3D, 413
Canfield, 414, 415
Crisalix, 415, 416
Di4D, 413, 414
FACE system, 417
Facegramm, 416, 417
intensity-based approaches, 409, 410
Kinect, 417
landmark-based approaches, 408, 409
RealSense, 417, 418
smart facial system, 418
stereophotogrammetry, 407
structured light, 407
3dMD, 411–413
3-D video-analysis system, 410, 411

telemedicine, 421
virtual reality, 420, 421

Facial paralysis
acute and subacute facial paralysis, 296, 297
ancillary aesthetic procedures

blepharoplasty, 307, 308
BoNt, 301–304
canthopexy, 308, 309
fat grafting, 305, 306
forehead lifting, 307, 308
hyaluronic acid injection, 303–305
lip lifting procedures, 306, 307
midface and face lifting, 309, 310
regional muscle transplant, 300
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chronic facial paralysis, 297
aesthetic procedures, 297
dissection plane, 298, 300
emotional, 297
facial volume, 299, 300
fixation points, 298
fixation technique, 298
functional loss, 297
incision, 297–299
pulling vectors, 298

contour deformity
chimeric flap design, 312, 313, 315
donor sites, 314–316
tissue component, 313, 314

factors, 295, 296
Facial reanimation, 101, 103, 104

spinal accessory nerve(XI) (see Spinal accessory 
nerve(XI))

masseteric nerve (see Masseteric nerve)
See also Face transplantation (FT)

Facial symmetry, 368
Facial tone, 82
Fallopian canal, 72, 74
Fascicular turnover flap

advantages, 388
nerve gaps, 375, 376
vs. nerve grafting, 388
nerve trunk, 384, 388
patient history, 378
trigeminal nerve transfers, 378

advantage, 388, 389
anatomy, 380
operative techniques, 380
patient history, 381, 383
supermicrosurgery, 388

vascular system, 383, 384
Fat grafting, 305, 306
"Fear grin" smile, 130
Free functional muscle transfer (FFMT), 138, 139, 141, 213

dual innervation/axonal supercharge, 198
dual innervation one-stage procedures, 202
end-to-end and end-to-side neurorrhaphies, 202, 203
follow-up, 200, 201
gracilis muscle flap transfer, 200, 202
for long-standing unilateral facial paralysis, 198
masseteric nerve transfer, 202
postoperative period, 200
single-innervated gracilis flap, 202
surgical technique, 198–200

Free gracilis muscle transfer, 43
Free muscle transfer

Bell’s palsy, 355
diagnosis and patient presentation, 356
etiology and epidemiology, 355, 356
operative techniques, 358–360
outcome and complications, 360, 362, 363
patient selection, 358
risk, 355

Free nerve grafting, 90
Free vascularized free nerve grafting (free VNG), 89

Full dentured smile, 133
Functional free muscle transfer (FFMT), 367, 372

G
Geniculum, 72, 74
Gold eyelid implants, 253–255
Gracilis, 371
Grading facial function, 7
Great auricular nerve (GAN) grafts, 103, 274
Guillain–Barré syndrome, 17

H
Hadlock’s SMILE lip excursion scale, 160, 161, 164
Haller ansa, 74
Heerfordt’s syndrome, 17
Hemifacial spasm, 49
Herpes zoster oticus, see Ramsay Hunt syndrome
House–Brackmann facial nerve grading system, 31
House–Brackmann grading scale (HBGS), 24, 25, 33, 39
Hyaluronic acid injection, 303–305
Hyperbaric oxygen treatment, 398
Hyperkinesis, 286
Hypoactive dysfunction, 321

I
Iatrogenic facial nerve trauma, 19
Imaging in facial palsy

composition and positioning, 34
buccal branch, 34
cervical branch, 36
frontal branch, 34
left facial nerve schwannoma, 34, 35
marginal mandibular branch, 36
zygomatic branch, 34

photo-videographic analysis, 34
post-paralytic facial synkinesis, 36

Inadvertent motion, 82
Incomplete facial palsy

forehead, 209
incomplete weak facial palsy, 208
mid and lower face, 209
periorbital, 209
synkinesis, 208

Incomplete synkinetic facial palsy
midface and lower face synkinesis, 219, 220
periorbital synkinesis

botulinum toxin injection, 219
physical therapy, 219
surgery, 219

Intensity-based approaches, 409, 410
International Consortium for Health Outcomes 

Measurement (ICHOM), 340
Interposition nerve grafting, 101
Intracerebral segment, 74
Intratemporal and extratemporal intraparotid nerve 

injuries with available facial nerve stump, 
64–66

Intratemporal facial nerve compression, 57

Facial paralysis (cont.)
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Intratemporal facial nerve trauma, 19
Ipsilateral nerve repair, 103, 104
Ipsilateral reflex component (R1), 50
Irreversible facial palsy, 43

K
Kinect, 417
Koshima’s technique, 94
Kruskal–wallis test, 157

L
Labbé procedure, 43, 214–215
Lagophthalmos, 242, 253–255
Landmark-based approaches, 408, 409
Lateral femoral nerve (LFCN), 94
Layperson assessment, 26, 27
Left total parotidectomy, 87
Lengthening temporalis myoplasty (LTM)

description, 233
preoperative planning, 233–234
rehabilitation, 237
surgical technique

Cairns approach, 236
deep temporal pedicles dissection, 235
Flexocrin 3.0 sutures, 236
nasolabial approach, 235
osteosynthesis, 237
osteotomy of zygomatic arch, 235
retrozygomatic dissection, 234
satinsky vascular clamp, 236
silicon surgical drains, 237
subperiosteal dissection, 235
superficial musculoaponeurotic system 

(SMAS), 235
zigzag Cairns approach, 234

Lip lifting procedures, 306, 307
Lower lip animation, 61
Lyme disease (neuroborreliosis), 16

M
Machine learning, 25–27
Mann–whitney test, 157
Manual lymphatic drainage, 42
Marginal mandibular nerve, 97–98, 116
Masseteric nerve, 82–84

anatomy, 145
CFNG and, 146, 147
electromyography, 146, 147
needle electrodes, 146
surgical technique, 148, 149

Mastoidectomy, 18
Medical Outcomes Study Short Form 36 (SF-36) 

Questionnaire, 31–32
MEEI Facegram, 26
Melkersson–Rosenthal syndrome, 8, 17, 18
Mitek system, 255
Mix reality, 420, 421

Möbius syndrome, 20
Chuang’s scale, 192
classic Möbius, 189
clinical manifestations, 189
congenital facial paralysis, 189
definition, 189
dynamic facial reanimation, 194
facial reanimation surgery, 190
follow-up, 192
four-stage reconstruction, 190
incidence, 189
incomplete Möbius, 189
postoperative period, 192, 193
preoperative evaluation, 190
rehabilitation protocol, 192
single-stage bilateral facial reanimation, 190, 194
surgical interventions, 192
surgical technique, 190–192
terzis’scale, 192
two-stage protocol, 194
unilateral facial paralysis, 190
viterbo procedure, 194

Moebius syndrome, 146
“Mona Lisa” smile, 134
Motor nerves, 103
Motor unit action potentials (MUAPs), 50
Moving two-point discrimination (m2PD), 378
Mycoplasma pneumoniae, 17
Myectomies

Bell’s palsy, 319
eye

anatomy, 322
evaluation, 322
surgical management, 322, 323

eyebrows and forehead
anatomy, 320, 321
evaluation, 321
surgical management, 321, 322

facial nerve dysfunction, 319
forehead and eyebrows anatomy, 320
lower lip

anatomy, 324
marginal mandibular lip deformity, 324
surgical management, 324, 325

neck
anatomy, 326
evaluation, 326
surgical management, 326, 327

synkinesis, 319, 320

N
Neck dissection (ND)

definition, 114
level I, 114
level IB

marginal mandibular branch identification, 116
platysma flaps elevation, 116
skin incision, 116

marginal mandibular branch, 116
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Nerve gaps, 375, 376
Nerve graft interposition, 58
Nerve transfers and cross-facial nerve grafting, 43, 

58, 59
Nerve transfers to facial nerve

advantages
axonal load, 81
rapid reinnervation, 81
reliability, 82

cross-facial nerve grafting, 83–85
disadvantages

inadvertent motion, 82
lack of spontaneity, 82
lack of synchrony, 82
lack of tone, 82

dual innervation, 85
facial paralysis, 79
goals, 80
indications, 80
masseteric nerve, 82–84
patient representation, 79, 80
rationale, 81

Nerve trunk, 395
Neurectomies

Bell’s palsy, 319
eye

anatomy, 322
evaluation, 322
surgical management, 323

eyebrows and forehead
anatomy, 320, 321
evaluation, 321
surgical management, 321, 322

facial nerve dysfunction, 319
lower lip

anatomy, 324
marginal mandibular lip deformity, 324
surgical management, 326

neck
anatomy, 326
evaluation, 326
surgical management, 327, 328

synkinesis, 319, 320
Neuroapraxia (Seddon), 56
Neuroborreliosis, 16
Neuropraxia, 35
Neurorrhaphy, 399, 400
Non-Duchenne smile, 133
Non-vascularized nerve grafts (NVNG), 89, 92, 93, 

95, 98
coaptation techniques, 106
cross-face nerve grafts, 104

augmentation of partial function, 105
donor branch selection, 105
sensory pathway protection, 106
timing of surgery, 105

donor nerves (see Donor nerves)
ipsilateral nerve repair, 103, 104
mechanical scaffolding, 101

Nose animation, 61

O
Objective assessment systems, 25
Ocular protection

bacterial infections, 244
basic assessment, 246–248
Bell’s phenomenon, 242, 243
blink rate and upper eyelid excursion, 241
causes of facial paralysis, 244
cosmetic deformities, 245
epiphora, 241
fundus examination, 243
hemifacial paralysis, 245
iatrogenic/postsurgical infections, 245
initial check-up, 242
keratopathy and corneal ulceration, 241
lagophthalmos, 242
Lyme disease, 244
ocular therapy, 249, 250
oral steroids, 243
orthoptic motility testing, 243
pain and dry-eye symptoms, 245
prognosis, 249
rare autoimmune diseases, 244
risk factors, 242
slit-lamp examinations, 243
surgical management, 250, 251
tear film protection, 241

Oculoauriculovertebral syndrome, 20
One-stage latissimus dorsi neuromuscular transfer

cheek pocket preparation, 169, 170
donor morbidity, 174
dual-innervation technique, 168, 169
harvested muscle flap, 170–172
lazy-S incision, 170
meticulous hemostasis, 170, 171
one-stage method, 168
postoperative course, 171
preoperative planning, 169
single-stage dual-innervation technique, 172, 173
terzis functional and aesthetic grading system, 173
two-stage dynamic reanimation technique, 167

Orbicularis occuli, 322
Outcome tracking in facial palsy

clinician-graded scoring systems, 24, 25
emerging systems, 26, 27
objective assessment systems, 25–26
patient-reported outcome measures, 24

P
Pan Am smile, 133
Parotid duct, 75
Parotidectomy

extracapsular dissection, 110
pre- and perioperative considerations

facial nerve monitoring, 110
single shot antibiotic treatment, 112
surgical microscope or surgical loupes, 112

superficial parotidectomy, 110
dissection, 114
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positioning and skin incision, 112
posterior belly of digastric muscle, 112
postoperative antibiotic treatment, 114
SMAS flap, 112
tragal pointer, 114
wound closure, 114
wound dressing, 114

total parotidectomy, 110
Parotidomasseteric fascia, 121
Parotid plexus, 74, 75
Patient-reported outcome measures (PROMs), 24, 340
Pedicled nerve graft, 94
Pedicled vascularized nerve grafting (pedicled VNG), 89
Perineurium, 56
Peripheral facial palsy

Bell’s palsy, 8, 11–14
causes, 7–11
characteristics of central and, 5
in children, 14, 15
differential diagnosis, 8
ear infection, 18, 19
evaluation of, 7
extratemporal facial nerve trauma, 19
grading of facial palsy, 6
Guillain–Barré syndrome, 17
iatrogenic facial nerve trauma, 19
intratemporal facial nerve trauma, 19
main causes, 7
in newborn, 20, 21
Melkersson–Rosenthal syndrome, 17, 18
Ramsay Hunt syndrome, 15, 16
sarcoidosis, 17
terminology, 6
tumor, 19, 20

Platysma flap, 116
Posterior auricular branch, 74
Posterior belly of the digastric muscle, 112
Post-paralytic facial synkinesis (PPFS), 36
Pre- and post-op rehabilitation

botulinum toxin, 42, 43
electromyography-biofeedback, 41, 42
electrostimulation, 42
exercise therapy, 40

facilitation treatment category, 40
initiation treatment category, 40
movement control category, 41
relaxation category, 41

facial massage, 42
facial nerve grading instruments

Chuang’s smile excursion score, 40
House–Brackmann score, 39
Sunnybrook score, 40

manual lymphatic drainage, 42
rehabilitation after free gracilis muscle transfer for 

reconstruction of the smile in irreversible 
facial palsy, 43, 44

rehabilitation after nerve transfers and cross-facial 
nerve grafting, 43

rehabilitation after temporalis and masseter muscle 
transposition, 43

Prednisolone, 11, 12, 15
Preoperative patient assessment

age and facial features, 210
etiology, 210
facial nerve continuity, 210
patient’s wishes and expectations, 210
subacute vs. longstanding, 210

Primipara, 20
Psychological distress, 205

R
Ramsay Hunt syndrome, 14–16
RealSense, 417, 418
Recurrent adenoid cystic carcinoma, 381
Regional muscle transfer (RMT), 138
Restoring smile symmetry, 205
Retromandibular anteroparotid transmasseteric 

approach, 121

S
Sarcoidosis, 8, 14, 15, 17
Scaled measure of improvement in lip excursion 

system, 34
Schwann cells, 101
Semmes-Weinstein (SW) value, 378
Sensory pathway protection, 106
Sequelae by XI nerve transfer, 163
Simultaneous bilateral facial palsy, 15
Single shot antibiotic treatment, 112
Smart facial system, 418
Smile

affiliative smile, 135
Canine smile, 133
cross-cultural studies, 131
cultural norms and values, 131
dimples and, 135
dishonesty and, 131
dominance smile, 135
Duchenne smile, 133
enjoyment smile, 135
evolution of, 130
female and male smiles, 130
full dentured smile, 133
history of, 129, 130
intelligence and, 131
Mona Lisa smile, 133
non-Duchenne smile, 133
social smiling, 130

Smile excursion score, 158
Smile reanimation

donor nerves and muscles in, 136, 137
facial symmetry, 368
FFMT, 367, 372, 373
gracilis, 371
immediate postoperative care, 139
intraoperative evaluation, 137, 138
longterm postoperative care, 139, 141
mouth corner vector for, 135, 136
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nasolabial fold reset, 369, 370
rejuvenation, 368
skin flap elevation, 368
SMAS elevation, 369
SMAS fixation, 371
tunnelling, 371

Smile restoration surgery, 197
Smiling with the eyes, 133
Smizing, 133
Spinal accessory nerve (XI)

anatomy, 153, 154
etiology, 152
facial nerve dysfunctions, 151
facial reanimation

benefits, 161
complications, 158
cortical adaptation stage, 158, 160, 163, 164
denervation time, 158
face preparation and XI exploration, 154–156
Hadlock's SMILE lip excursion scale, 160, 161
indication and contraindications, 164
ischemic time for Gracilis transfer, 158
operative method, 154
outcome assessment, 157
patient demographics, 153
patient questionnaire, 160
pitfalls, 161
postoperative cares and rehabilitation, 156, 157
postparalysis facial synkinesis, 163
preoperative evaluation, 154
sequelae by XI transect, 161, 163
smile excursion score, 158, 159
standardized evaluation systems, 164
statistical analysis, 157
Terzis's functional and aesthetic grading system, 

160, 162
upper gracilis dissection, trimming, harvest and 

transfer, 156
gracilis muscles FFMT, 152

Spontaneous smile, 27, 82, 131
Strange’s technique, 90
Stylomastoid foramen, 72, 74, 145
Sunnybrook facial grading scale (SFGS), 24, 25, 31
Sunnybrook score, 40
Superficial muscoloaponeurotic system (SMAS) flap, 

112, 368, 369, 371
Superficial parotidectomy, 110
Sural nerve grafts, 102, 103, 274
Surface electromyography (sEMG), 398
Surgical loupes parotidectomy, 112
Surgical microscope, 110
Sydney facial grading system, 25
Symmetrisation techniques

ancillary procedures, 291, 292
antagonist co-contraction, 286
Botulinum toxin injection, 286, 287
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