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Facial palsy is caused by dysfunction of the 
facial nerve and/or target musculature.1–3 
The facial nerve is responsible for activating 

facial musculature that is responsible for a number 
of key functions, including normal blink and eye-
lid closure to prevent corneal injury through des-
iccation and further sequelae; the competency of 
the oral sphincter to prevent drooling and enable 
chewing, drinking, speech articulation, and other 
oromotor functions; and facilitating normal psy-
chosocial functioning through facial symmetry, 
aesthetics, and coordinated voluntary and invol-
untary facial movements that convey intended 
expressions. Reanimation procedures aim to 
restore these normal functions and muscle tone. 
It is important to note that psychosocial dysfunc-
tion has been consistently reported as the main 
driver for patients to seek treatment, irrespective 
of the objective severity of their facial paralysis and 
asymmetry.4 Patient-reported outcomes data have 
confirmed that postoperative Facial Clinimetric 

Evaluation scale5 scores are independent of facial 
movement scores in the pediatric population,6 
highlighting the importance of repair on psycho-
social functioning and development.

A number of potential causes for facial paraly-
sis have been reported. These may be classified as 
congenital or acquired. The latter may result from 
idiopathic/inflammatory conditions, granulo-
matous diseases, autoimmune disorders, trauma, 
infectious processes (ie, Lyme disease, Ramsay-
Hunt syndrome, otic infections), and benign or 
malignant neoplasms.7 The majority of cases of 
acquired facial paralysis are from Bell palsy, an 
inflammatory condition thought to be postviral, 
associated with herpes simplex virus type 1 or 
herpes zoster reactivation, versus idiopathic.8 Bell 
palsy is a diagnosis of exclusion. Approximately 
three of four patients with Bell palsy will recover 
with conservative treatment alone,9 consisting of 
ocular lubrication, and corticosteroids; in more 
severe cases, antivirals may be added.10
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In the literature, there are few large analyses 
of patients with facial nerve palsy.11–14 A review of 
2000 patients treated from 2003 to 2013 at a single 
tertiary referral center for acoustic neuromas and 
complex head and neck tumors represents the 
largest report of patients with facial nerve palsy 
performed to date.12 In accordance with earlier 
work,11,13 Bell palsy represented the leading cause 
of facial nerve palsy, representing 38% of cases, 
with women more commonly affected than men 
(65% women). The second most common cause 
of facial paralysis in this series was acoustic neu-
roma (10%), followed by head and neck cancer 
(7%). The majority of cases in both oncologic 
groups developed after resection of the tumor. 
However, because of a difference in referral pat-
terns, trauma has also been found to account for 
10% to 23% of all facial nerve palsies.11,15

Cases of congenital and acquired facial nerve 
paralysis also exist in children, with an incidence 
of 2.7 per 100,000 in children younger than 10 
years and 10.1 per 100,000 in children older than 
10 years.1,2 Half of pediatric cases stem from an 
unknown cause16 and congenital causes are more 
common than acquired, with perinatal trauma 
representing the most common cause of congeni-
tal facial palsy.2 Fortunately, these cases typically 
have full recovery of nerve function without surgi-
cal intervention.2

Reanimation methods vary by location, cause, 
and timing of facial nerve injury; patient fac-
tors such as age; the availability of reconstructive 
options; and the experience of the surgeon.17 
Numerous surgical and nonsurgical options exist 
for reanimation, and they may be classified as 
static or dynamic. Surgical approaches for facial 
reanimation include approaches that manipulate 
nerves (ie, primary repair, nerve transfer, nerve 
graft), muscles (ie, local or regional muscle trans-
fer, free functional muscle transfer), or use a com-
bination of techniques. The choice of approach 
depends on the timing from injury (Table 1), as 
this inversely correlates with the progressive atro-
phy of in situ mimetic musculature.18 Once this 
has occurred, preference should be given to a 
muscle transfer or static sling technique.19,20 In 
the case of early injuries (<12 months), however, 
the patient is likely to retain some viable muscle 
function and the options for reanimation include 
a nerve transfer and/or nerve graft.

With respect to Bell palsy, patients who do 
not recover with conservative management have 
historically been recommended for surgery 
within 3 months of onset.21 However, one group 
out of Kyung Hee University Hospital found no 

significant difference in the rate of favorable 
recovery or in the degree of improvement of 
House-Brackmann grades between severe cases 
of Bell palsy that were treated with conserva-
tive measures alone versus those that underwent 
additional decompressive surgery 21 to 70 days 
after conservative treatment failed.22 Moreover, a 
recent Cochrane review deemed there to be low-
certainty evidence from randomized controlled 
trials to decide whether early surgical interven-
tion is beneficial or harmful to patients with Bell 
palsy.21 In this CME article, we will outline conser-
vative and surgical options for the management of 
eyelid closure and reestablishing corneal protec-
tive sensation, smile reanimation, and restoration 
of lip depression.

RESTORATION OF EYELID CLOSURE 
AND CORNEAL PROTECTION

Paralysis or weakness of eyelid musculature 
may result in loss of normal blink and corneal 
protection because of lagophthalmos, paralytic 
ectropion, and loss of corneal sensation and the 
tearing reflex.23 This must be addressed within the 
context of any other lid abnormality that may be 
present, such as ptosis, laxity, and/or dermatocha-
lasis.24 Blink can be restored with either static or 
dynamic methods, and corneal sensation may be 
restored with a novel technique using nerve grafts 
to reneurotize the cornea.25 Timely intervention 
prevents corneal desiccation, which may mani-
fest as superficial punctate keratopathy, corneal 

Table 1.  Timing of Reanimation following Facial 
Nerve Injury
Time from Facial 
Nerve Injury Reconstructive Options 

Immediate • � Primary repair for tension-free clean 
laceration

• � Nerve autografting from ipsilateral 
facial nerve proximal to injury

<12 mo • � CFNG if ipsilateral facial nerve is  
not available and contralateral facial 
nerve is available

• � Ipsilateral nerve transfer if distal  
facial nerve stumps intact (masseteric 
nerve preferred)

≥12 mo If muscle intact:
• � CFNG with or without nerve  

transfer (nerve transfer may be  
used temporarily, ie, “babysitter  
procedures,” or may be permanent)

If muscle not intact:
• � CFNG plus free functional muscle  

transfer
• � Nerve to masseter plus free  

functional muscle transfer
• � Static slings
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ulcers or, in the most extreme cases, perforation.23 
Establishing ophthalmologic care and regular slit-
lamp examinations is necessary to monitor for 
and avoid ocular complications.

Conservative Management of Eyelid Paralysis
Conservative management prioritizes ocular 

lubrication using eye drops and ointments, eyelid 
taping, and/or humidifying goggles.26 Temporary 
tarsorrhaphy is indicated if these interven-
tions fail to remedy ocular dryness within a few 
weeks.27 Tarsorrhaphy may be a bridge to defini-
tive surgical correction or may be reversed for 
transient palsies. Permanent tarsorrhaphy is not 
commonly performed because of unacceptable 
disfigurement.7

Static Methods for Blink Restoration
The standard for restoration of voluntary blink 

and static lid closure restoration is placement of a 
gold weight in the upper eyelid. Unlike methods 
using a magnet or palpebral spring, placement 
of an upper eyelid weight is straightforward and 
reversible.27,28 It is able to correct varying severity 
of eyelid retrusion using different sized weights, 
typically between 0.6 and 2.6  g and increasing 
by 0.2-g increments.29,30 An appropriate weight 
centered at the medial limbus is able to achieve 
complete lid closure while limiting ptosis to no 
more than 2 mm measured by the margin reflex 
distance 1.29,31 Preoperative evaluation using tape 
to secure various weights to the upper lid aids in 
determining the correct weight to implant or may 
be used as a temporizing solution.32 Platinum is a 
potential alternative to gold, and has been used 
to decrease the visibility of the implant and was 
noted to carry a lower risk of extrusion, although 
comparative studies between metals have not 
been performed.33 In addition, platinum has been 
associated with allergic conjunctivitis.34

Weights can be placed pretarsally30 and 
postseptally.34,35 The pretarsal approach has 
greater predictability of eyelid position and thus 
requires fewer early revisions but is associated 
with increased implant visibility and a 10% risk of 
extrusion at 5 years.24,36,37 The postseptal approach 
has been found to minimize complications associ-
ated with pretarsal weight placement,35 and is well 
suited to patients who have thinned eyelid skin, 
such as older patients, mitigating the risk of extru-
sion.34 However, postseptal weight placement has 
historically required intraoperative weaning of 
sedation for real-time assessment of lid position. 
More recently, preoperative estimates and actual 

weights have been correlated, with an average cor-
rection of an additional 0.2 g required intraopera-
tively to achieve desired lid position.35 Similarly, 
among revisions, the average correction was an 
increase of 0.2 g, although most patients had suc-
cessful blink restoration after the first operation. 
Among both pretarsal and postseptal techniques, 
most patients attain complete eyelid closure with 
voluntary blink.

Alternatives to eyelid weight placement avoid 
introduction of a foreign body. In one procedure, 
lengthening of the levator muscle is performed 
by means of complete disinsertion from the tarsus 
coupled with interposition of a rectangular piece 
of autologous graft from the temporalis muscle 
or fascia lata measuring twice the width of the 
observed preoperative lid retrusion.24 For milder 
lid retrusion of 1 to 3 mm, Müllerectomy may be 
performed with excellent results.38,39

When paralytic ectropion is present, the 
lower lid may be addressed with medial29,40 and/
or lateral canthoplasty,27,29,40,41 recession of lower 
eyelid retractors,42 suspension with fascia lata or 
tendon graft,29 or use of temporalis muscle as a 
sling to resuspend the lower lid.41 Most authors 
recommend lateral tarsal strip tightening in com-
bination with gold weight placement for patients 
with paralytic ectropion and loss of blink, as these 
procedures reliably yield reproducible results and 
are well tolerated.27,40,43 Ear cartilage grafts have 
also been used for management of lower lid para-
lytic ectropion to restore the lower lid height and 
apposition to the globe, but this approach is more 
challenging and is reserved for commensurately 
difficult clinical scenarios where there is a signifi-
cant paucity of local tissue for successful use of 
resuspension techniques alone.44

Dynamic Methods for Blink Restoration
Neurotization of the orbicularis oculi muscle 

either directly, through cross-facial nerve grafts 
(CFNG) from the contralateral zygomaticotem-
poral branch, or by means of ipsilateral nerve 
transfers reestablishes the native blink, improves 
resting tone, and diminishes ectropion with out-
comes superior to those achieved with muscle-
based procedures.17,45,46 Patients who undergo 
combined static and dynamic lid closure resto-
ration experience greater improvements than 
either technique alone, with improvement in 
exposure keratopathy and greater and faster pal-
pebral aperture closure.47

Targeted reinnervation of the eyelid by means 
of the zygomaticotemporal branch is typically 
preferred over coaptation to the main trunk of 
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the facial nerve because of a lower risk of synki-
nesis.19,48 A retrospective study of eight patients 
with facial paralysis showed improved preopera-
tive eyelid synkinesis following masseteric nerve 
transfer to the zygomaticotemporal branch of the 
facial nerve, suggesting that targeted reinnerva-
tion of the eyelid may not only prevent postopera-
tive synkinesis following reanimation but may also 
treat it if present preoperatively.48

In cases where the orbicularis oculi muscle is 
absent or atrophic, regional or free muscle trans-
fer may be required for dynamic blink restoration. 
The regional options include frontalis and mini-
temporalis, which are pedicled and reoriented to 
replace the eyelid sphincter mechanism.45 Free 
muscle donors include the platysma49 or a slip of 
pectoralis.46

Corneal Neurotization
Loss of corneal sensation is associated with 

potential morbidity to visual acuity.23 Restoration 
of protective corneal sensation is now possible 
through nerve grafting50 and ameliorates expo-
sure keratopathy.51–53 Corneal reinnervation 
procedures are typically performed at the time 
of other planned operations for facial reanima-
tion.54 Sensory reinnervation of the cornea may 
be accomplished by using nerve transfers alone 
or in concert with a nerve graft. Early efforts in 
this field used nerve transfers using contralat-
eral supratrochlear and supraorbital nerves.55 
However, these techniques required an invasive 
bicoronal approach and were not an appropri-
ate option in bilateral trigeminal nerve pal-
sies.54 In addition, a major drawback of isolated 
nerve transfers is that they rely on small-caliber 
distal nerves; this is thought to contribute to 
the delayed corneal sensibility that has been 
observed in contralateral supratrochlear and 
supraorbital nerve transfers, with an average of 
2.8 years.54 The prolonged duration of recovery 
has been successfully mitigated with the use of 
nerve grafts coapted to a more proximal and 
robust donor nerve stump, with return of sen-
sibility as early as 3 months from surgery.54 The 
medial cutaneous branch of the sural nerve can 
be used as an autograft to bridge the sensory 
donor nerve directly to the cornea.56 The graft 
allows for a greater variety of nerves to be used 
as donors, including maxillary and mandibu-
lar divisions of the trigeminal nerve if intact. 
However, in patients where the ipsilateral tri-
geminal nerve is spared and demonstrates intact 
sensation in the V1 distribution, the ipsilateral 
supratrochlear nerve is the preferred donor for 

its proximity to the affected cornea.54 The neu-
rotization of the corneal limbus is performed in 
collaboration with ophthalmology.55 If a sural 
nerve graft is used, multiple fascicles are present 
(typically, four to eight), and thus neurotization 
may be distributed to provide sensation to the 
full surface area of the cornea.54

Postoperatively, patients are monitored for 
return of corneal sensation using various ophthal-
mologic tools, such as a von Frey hair or a Cochet-
Bonnet esthesiometer, which are designed to 
quantify sensibility of the corneal surface.55 
Patients in multiple small studies have been found 
to have improved corneal sensibility with all afore-
mentioned approaches, and some have endorsed 
improved visual clarity because of decreased cor-
neal clouding and desiccation.54,55 However, in 
patients with severe corneal scarring, visual acuity 
may not be salvageable.54

RESTORATION OF SMILE
Smile and oral sphincter restoration enables 

patients to chew, speak, and emote effectively. 
Dynamic restoration reestablishes volitionally 
contractile muscle and yields superior results 
but demonstrates diminishing improvements 
with increasing patient age because of loss of 
neuroplasticity. When dynamic restoration is 
not possible, static slings and local muscle trans-
fers offer alternatives by restoring resting sym-
metry. Younger patients with longstanding facial 
paralysis may require a combination approach to 
correct facial asymmetry at rest and on smiling. 
Management of congenital facial palsy is outlined 
in Supplemental Digital Content 1. (See Figure, 
Supplemental Digital Content 1, which displays 
the algorithm for reanimation of congenital facial 
palsy, http://links.lww.com/PRS/G72.)

Static Methods for Smile Restoration
Static slings and local muscle transfers 

are most appropriate when a rapid solution is 
required or in older patients who may not have 
the regenerative capacity to attain significant 
benefit from neurotizing procedures. Static 
slings resuspend the oral commissure to address 
asymmetry of the face at rest,7 but this is subse-
quently disillusioned with movement.57 Original 
static techniques involved stretching a strip of 
fascia lata over the zygomatic arch to reach the 
oral commissure58 or transferring the entire 
muscle to the commissure by means of fascia lata 
after the muscle has been divided from the cor-
onoid process through an intraoral approach.59 
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Autologous palmaris or plantaris tendon-graft 
slings provide the longest lasting suspension 
results compared with other materials.57

Dynamic Methods for Smile Restoration
Nerve Graft to Existing Facial Muscles
A nerve graft (or cable graft) should be con-

sidered in the event of inaccessible proximal and 
distal nerve stumps or where a wide neural gap 
cannot be repaired without tension—an antago-
nist to neuronal sprouting.60 For a tension-free 
coaptation, cable grafts should be roughly 25% 
longer than the defect.61 The most popular 
autologous graft is the sural nerve, because of its 
excellent size match, length, minimal donor-site 
morbidity characterized by lateral foot numb-
ness, and two-team approach.7 The length of 
the sural nerve allows for the creation of two or 
three independent cable grafts,62 which can be 
used to recreate the branching pattern of the 
original facial nerve during reconstruction.63 
Motor nerves generally carry unacceptable 
donor morbidity compared with their sensory 
counterparts.

The best method to achieve symmetric spon-
taneous excursion is a CFNG, which is a combi-
nation of a nerve transfer and graft (Fig. 1).7 In 
this type of repair, signals from a branch of the 
functioning contralateral facial nerve (transfer) 
are transmitted to muscle on the affected side by 
means of a neural conduit (graft). Regeneration 
of the nerve across the CFNG is followed clinically 
by the Tinel sign and can take approximately 9 to 
12 months to heal. A shorter CFNG is preferred 
to decrease the distance and time required for 
the nerve to regrow.20 In case of longer recovery 
times (>6 months), the use of an ipsilateral nerve 
transfer should be considered to prevent muscle 
atrophy while the CFNG is healing.20 Such a nerve 
transfer was initially labeled a “babysitter proce-
dure” because the intent was to take down the 
transfer once the CFNG reinnervated the recipi-
ent muscle. However, nerve transfers can also be 
left in place to augment the power of the CFNG to 
achieve greater excursion.

Outcomes for cable grafting are often unpre-
dictable.64 These can be improved by using distal 
branches of the facial nerve rather than the proxi-
mal trunk as the donor site for the CFNG. This 
approach provides greater specificity of function 
and less likelihood of donor-site weakness if per-
forming end-to-end coaptations. Many contem-
porary techniques use concurrent nerve transfer 
with cable grafting to improve outcomes from 
immediate repair of killed facial nerves.64

Transfer of Nerve to Masseter to Branches of 
the Facial Nerve

In contrast to a nerve graft, a nerve transfer 
may be considered in the event of an intact and 
accessible distal nerve stump. Specifically, uni-
lateral nerve transfers are often performed for 
traumatic cases of facial palsy that undergo reani-
mation within 1 year of injury to preserve muscle 
function on the affected side. Nerves available 
for transfer include the nerve to the masseter, 
hypoglossal nerve, spinal accessory nerve, and 
phrenic nerve.20,65–68 The nerve to the masseter 
and hypoglossal nerve are the center of recent 
research and clinical use and are the focus of this 
review.

The nerve to the masseter may be identified 
in the subzygomatic triangle, where it bisects the 
angle between the temporomandibular joint and 
the zygomatic arch.19 The nerve follows an oblique 
course within the deep substance of the masseter 
muscle, and gives off a series of small proximal 
branches, followed by a dominant descending 
branch.66 Dissection of the dominant descend-
ing branch to a length of up to 3  cm facilitates 
tension-free coaptation to the main trunk of the 
facial nerve.19,66

The masseter-to-facial nerve transfer pro-
duces strong and potentially spontaneous anima-
tion with minimal donor-site morbidity and fast 
reinnervation (Fig. 2).19,66 [See Video 1 (online), 
which displays the outcome of fifth to seventh 
nerve transfer.]

It may also be coupled with CFNG to augment 
the strength and excursion of the oral commissure 
(Fig. 3). A systematic review and meta-analysis of 
10 studies investigating time from reanimation to 
facial movement following masseteric nerve trans-
fer reported a pooled outcome of approximately 
5 months.69 A subgroup analysis of transfers to 
the main trunk versus distal branches of the 
facial nerve (ie, zygomaticotemporal and buccal 
branches) identified an even faster time to recov-
ery when the coaptation involved distal branches 
(main trunk, 5.76 months; distal branches, 3.76 
months), although the difference was not statisti-
cally significant between the groups.69

The nerve to the masseter was shown to have a 
faster rate of recovery after transfer than the hypo-
glossal nerve in two studies: those of Albathi et al. 
(5.6 months versus 10.8 months) and Hontanilla 
and Marré (62 days versus 136 days).70,71 This is 
physiologically intuitive because a coaptation at 
the main trunk is farther from the facial mus-
culature, resulting in longer distances for nerve 
regeneration.70
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Concerning reinnervation of smile, masseteric 
nerve transfer to the buccal branch of the facial 
nerve has been found to reliably elevate the oral 
commissure to the preparalysis state.19 Between 
the affected and unaffected sides, Hontanilla et 
al. achieved successful symmetry in 23 cases, as 
demonstrated by no statistical difference in mean 
postoperative commissural excursion or commis-
sural contraction velocities between sides.72

Other benefits of the masseteric nerve transfer 
include its relatively low morbidity and lower rate 
of synkinesis than the hypoglossal nerve transfer. 
Murphey et al. reported 12 complications among 
183 patients, which included infection, hematoma, 
masseter atrophy, ocular discomfort with chewing, 
sialocele, and otitis externa.69 When compared 
with hypoglossal nerve transfer, the risk of donor-
site morbidity is low because the masseteric nerve 

Fig. 1. Illustration of two-stage approach to CFNG and free functional gracilis muscle transfer, showing the first stage, 
including (above, left) the subsuperficial musculoaponeurotic system dissection plane (blue arrows) on the unaf-
fected left side of the face (parotid shown with dashed green oval); (above, right) coaptation of nerve cable autograft 
(from sural donor, blue arrow) to a branch of the left facial nerve (yellow arrow); and second stage, including (below, 
left) schematic demonstrating CFNG traveling across the midline from the unaffected to the affected side; and (below, 
right) free functional muscle transfer performed at subsequent surgery (blue arrow, free gracilis muscle; yellow arrow, 
medial circumflex vascular pedicle before anastomosis with recipient vessels in the face; green arrow, obturator nerve 
before coaptation with recipient nerve in the face).
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is divided distal to its major motor contributions. 
For older patients who cannot tolerate general 
anesthesia, a masseteric nerve transfer can be per-
formed under light sedation and local anesthesia.73

Substituting the masseteric nerve instead of 
the facial nerve to power mimetic musculature 
requires neuroplasticity such that voluntary biting 
is uncoupled from voluntary smile. With practice, 
patients may learn to smile with their mouth open 
without biting, and approximately half will go on 
to develop spontaneity of smile in response to 
joy or humor (Fig. 4).69,74 [See Video 2 (online), 
which displays the outcomes of nerve to masseter 

transfers.] This may take months to years to accom-
plish and is more efficient in younger patients75 
and women.69,76

Transfer of the Hypoglossal Nerve to the 
Facial Nerve

Unlike the nerve to the masseter, the hypo-
glossal nerve is most commonly coapted directly 
to the main facial trunk because of its location.69 
This maneuver is thought to increase the risk of 
synkinesis compared with patients undergoing 
a transfer with the nerve to the masseter.69 [See 
Video 3 (online), which shows outcome of CFNG, 

Fig. 2. Transfer of nerve to masseter (blue arrow) to buccal and zygomaticobuccal branches (green arrows) and frontozygomatic 
branch (yellow arrow).

Fig. 3. Augmentation of (left) CFNG powering the obturator nerve to the transferred gracilis muscle using (right) transfer of nerve 
to the masseter.

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

https://doi.org/10.1097/PRS.0000000000010539
https://doi.org/10.1097/PRS.0000000000010539


 
Volume 152, Number 3 • Facial Reanimation Surgery

527e

free gracilis, and hypoglossal-to-facial nerve 
transfer.]

Despite equivalent outcomes for facial 
expression and symmetry as with masseteric 
nerve to facial nerve transfers, patients may 
experience hemiglossal atrophy secondary to 
functional impairment of the hypoglossal nerve 
itself.77 With this in mind, this technique may 
not be appropriate for patients with Moebius 

syndrome, whose condition leads to inher-
ent speech and swallowing impairments in the 
majority of patients.20

Strategies to minimize donor-site morbidity 
include end-to-side coaptations78–80 and transfer-
ring part of the hypoglossal nerve, leaving behind 
fascicles that remain in continuity to maintain 
tongue function.61,81,82 Another approach that 
may be taken to avoid tongue atrophy involves 

Fig. 4. Patient who received free functional gracilis innervated by nerve to masseter for right hemifacial paralysis secondary to 
Moebius syndrome. (Above, left, and below, left) The patient was asked to smile. (Above, right, and below, center) The patient was 
asked to smile and bite down simultaneously, demonstrating augmentation of the excursion of the right oral commissure when 
voluntary bite is elicited. (Below, right) The patient was asked to stop smiling and only bite down, demonstrating that she has 
uncoupled these two distinct functions.
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indirect hypoglossal-facial coaptation with inter-
position of a nerve graft (Fig.  5).83,84 Overall, 
findings of facial synkinesis, tongue atrophy, 
and varying degrees of speech and swallowing 
impairments favor the masseter-to-facial nerve 
transfer.

Outcomes of using a CFNG have been less 
favorable than nerve transfer techniques using 
the nerve to the masseter, which exceed CFNG in 

both time to nerve recovery and improvement in 
oral commissure excursion (Fig.  6).69 The num-
ber of axons present in the donor nerve is one 
predictor of strength of muscle reinnervation fol-
lowing nerve-based techniques.85 Axon counts are 
lower in the branches of the contralateral func-
tioning facial nerve to which the CFNG is coapted 
(100 to 200 axons)69,86 compared with 125086 to 
270018 axons in the masseteric nerve and 9200 

Fig. 5. (Left) The hypoglossal nerve (blue arrow) and the facial nerve (green arrow) are identified. (Center) These nerves can be 
bridged by an interposition nerve graft (dotted yellow line), usually taken from the sural nerve, and arranged in end-to-side fash-
ion at both coaptations. Use of an interposition nerve graft in end-to-side arrangement circumvents the morbidity associated 
with traditional hypoglossal nerve transfers (ie, babysitter procedures). This approach also does not require division of the facial 
nerve trunk or its branches and thereby preserves the potential for functional recovery of the facial nerve, which is possible in 
the case of multiple causes of facial paralysis. (Right) The hypoglossal (blue arrow) and facial nerve (green arrow) are bridged by 
a sural nerve graft.

Fig. 6. (Left) Intraoperative markings and (right) schematic representation of free functional gracilis muscle transfer powered by 
coapting the ipsilateral nerve to the masseter to the obturator nerve.
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axons in the hypoglossal nerve.87 To achieve maxi-
mum axon counts distal to the neurorrhaphy site 
and minimize loss of regenerating axons, nerve 
grafts are typically reversed in anatomical orienta-
tion during coaptation.20

Local Muscle Transfer
Several regional muscle transfer techniques 

have been described to dynamize the face in 
clinical situations that lack viable muscle on the 
affected side. First described in 1998, the Labbé 
procedure involves transferring the fixed coro-
noid process to the lips.88 Lengthening tempora-
lis myoplasty is a one-stage outpatient procedure 
with subtle incisions and prompt results, without 
the need for fascia lata extension or the bulk of the 
traditional transposition technique.89 In Labbé’s 
original case series of 10 patients with unilateral 
facial paralysis, strength of muscle contraction 
was at least 1.5  cm in amplitude after 6 months 
of physical therapy, surpassing the force elicited 
by partial temporalis muscle-tendon transfer with 
a fascia lata sling.88 With respect to other tempo-
ralis myoplasty techniques, outcomes following 
the Labbé procedure are also more aesthetically 
pleasing than the Gillies58 or McLaughlin59 pro-
cedure, which creates a muscular bulge over the 
zygomatic arch or falls short in its recreation of 
the nasolabial fold, respectively.

Similarly, the pedicled masseter muscle trans-
fer technique repositions the muscle following 
detachment of both the origin and insertion to 
achieve an appropriate contraction vector for 
smiling.90 When both muscles are available for use, 
however, the temporalis is generally preferred to 
the masseter because it allows for a 45-degree trac-
tion in the occlusal plane88 versus the unsuitable 
horizontal pull of the pedicled masseter muscle 
transfer.91

Free Functional Muscle Transfer
Free muscle transfer powered by a nerve trans-

fer or CFNG is indicated for patients with good 
regenerative capacity and chronic denervation of 
facial mimetic musculature. This approach offers 
a chance to achieve a more natural, spontaneous 
smile. The gracilis muscle is used most often and 
is anchored to recreate the nasolabial fold and 
simulate the vector of a natural smile (Fig.  7). 
The transferred muscle can be powered by means 
of CFNG, the ipsilateral nerve to the masseter, or 
other nerves. We provide an overview of the tech-
nique of a free gracilis muscle transfer innervated 
by CFNG or nerve to the masseter. [See Video 4 
(online), which displays the surgical technique for 

sural nerve harvest for CFNG. See Video 5 (online), 
which displays the surgical technique for free 
gracilis and nerve to masseter part 1. See Video 6 
(online), which displays the surgical technique for 
free gracilis and nerve to masseter part 2.]

In comparison to the nerve to the masse-
ter, innervation of the gracilis muscle by CFNG 
has been criticized for producing significantly 
less excursion of the oral commissure during 
attempted smile.92 In a review of 166 free segmen-
tal gracilis muscle transfers innervated by either 
a CFNG or nerve to the masseter, the extent of 
oral commissure movement when innervated by 
the nerve to the masseter was found to not only 
exceed that of the CFNG (nerve to the masseter, 
14.2 mm; CFNG 7.9 mm), but to also approximate 
normal ranges (15.2  mm).93 As long as the free 
functional muscle transfer is adequately revascu-
larized and reinnervated, it will gradually recover 
function over 1.5 to 2 years, beyond which the aes-
thetic and functional outcomes are believed to be 
maintained in the long term.94

RESTORATION OF LIP DEPRESSORS
Clinical scenarios that specifically impair acti-

vation of the lower lip by means of paresis or paral-
ysis of the depressor anguli oris (DAO) muscle, 
as seen in asymmetric crying facies,95 also warrant 
reanimation. Restoration of lower lip depressors 
may be achieved by contralateral paralysis of the 
unaffected side using botulinum toxin injections96 
or denervation, or by ipsilateral reconstruction 
using a local muscle transfer.97 We favor the latter 
approach because of the need for repeated botu-
linum toxin injections every 3 months, which is 
prohibitive in children, and the potential for long-
term morbidity to oral sphincter competence with 
denervation.

One option is transfer of the anterior belly of 
the digastric muscle because it is innervated by 
the trigeminal nerve.98 Another valuable option, 
although rarely described in the literature, is 
transfer of the ipsilateral platysma muscle, as fibers 
of the platysma interdigitate with those of the 
DAO and have a depressor effect on the commis-
sure.99 The difficulty of this maneuver, however, 
pertains to establishing integrity of the platysma 
muscle preoperatively. Because both the platysma 
and DAO muscle yield similar depression of the 
lower lip when activated, many mistake paralysis 
of the DAO, which is innervated by the marginal 
mandibular branch of the facial nerve, for paraly-
sis of the platysma.100 Superiorly, the platysma 
is co-innervated by the marginal mandibular 
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and cervical branches of the facial nerve; how-
ever, inferiorly, at the level of the hyoid, cervical 
branches fan out and innervate the remaining 
muscle.101 Therefore, facial electromyography 
should be used to localize denervation, evaluate 
muscle atrophy, and prognosticate functional out-
comes.102,103 Results of platysma transfer for DAO 
paralysis (using clockwise rotation of the pla-
tysma to the lower lip) can be seen. [See Video 7 

(online), which displays the outcome of platysma 
transfer for lip depressor restoration.]

SUMMARY AND FUTURE OF FACIAL 
REANIMATION

Patient selection is paramount to appropri-
ate management of facial palsy and relies on the 
surgeon’s understanding of the various clinical 

Fig. 7. The gracilis muscle is anchored to the deep surface of the anticipated nasolabial fold (mirrored 
from the normal side wherever possible). The muscle is then tensioned (above, left) with a superolateral 
vector and secured to the periosteum of the zygomatic arch to recreate the nasolabial fold (above, right). 
(Below) Illustration of muscle tensioning.
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findings, cause, and expected clinical course; 
and possession of a broad array of technical 
approaches to apply to these diverse clinical 
scenarios. Procedure selection may be variable 
between adult and pediatric patients, who war-
rant independent consideration. In congenital 
patients, we prioritize dynamic procedures that 
result in the greatest spontaneity and symmetry, 
whereas in adults, we tend to choose what will give 
them the most immediate restoration. In addi-
tion, although facial reanimation is the primary 
aim, this must be coupled with an effort to mini-
mize morbidity of donor sites and donor nerves 
that may be used in the reconstructive approach. 
A major obstacle to the development of robust 
evidence-based guidelines for facial reanima-
tion is the variability of existing severity grading 
scales to describe preoperative and postoperative 
asymmetry and functional facial expression. This 
has limited comparisons between studies and 
techniques.24,104–107 Small sample sizes further 
inhibit the generalizability of most studies. It is 
clear, however, that earlier interventions yield 
improved functional outcomes, and every effort 
must be made to intervene without delay.17,108–110

Arun K. Gosain, MD
Division of Pediatric Plastic Surgery

Ann & Robert H. Lurie Children’s Hospital
225 East Chicago Avenue, Box 93

Chicago, IL 60611
argosain@luriechildrens.org

DISCLOSURE
The authors have no financial interests or conflicts 

of interest to disclose.

PATIENT CONSENT
Parents or guardians provided written informed 

consent for use of patients’ images.

REFERENCES
	 1.	 Lorch M, Teach SJ. Facial nerve palsy: etiology and approach 

to diagnosis and treatment. Pediatr Emerg Care 2010;26:763–
769; quiz 770–773. 

	 2.	 Malik M, Cubitt JJ. Paediatric facial paralysis: an over-
view and insights into management. J Paediatr Child Health 
2021;57:786–790. 

	 3.	 Marson AG, Salinas R. Bell’s palsy. West J Med. 
2000;173:266–268. 

	 4.	 Hotton M, Huggons E, Hamlet C, et al. The psychosocial 
impact of facial palsy: a systematic review. Br J Health Psychol. 
2020;25:695–727. 

	 5.	 Kahn JB, Gliklich RE, Boyev KP, Stewart MG, Metson RB, 
McKenna MJ. Validation of a patient-graded instrument 
for facial nerve paralysis: the FaCE scale. Laryngoscope 
2001;111:387–398. 

	 6.	 Deramo PJ, Greives MR, Nguyen PD. Pediatric facial reani-
mation: an algorithmic approach and systematic review. Arch 
Plast Surg. 2020;47:382–391. 

	 7.	 Fattah A, Borschel GH, Manktelow RT, Bezuhly M, Zuker 
RM. Facial palsy and reconstruction. Plast Reconstr Surg. 
2012;129:340e–352e. 

	 8.	 Peitersen E. The natural history of Bell’s palsy. Am J Otol. 
1982;4:107–111.

	 9.	 Holland NJ, Weiner GM. Recent developments in Bell’s 
palsy. BMJ 2004;329:553–557. 

	10.	 Gagyor I, Madhok VB, Daly F, et al. Antiviral treatment for 
Bell’s palsy (idiopathic facial paralysis). Cochrane Database Syst 
Rev. 2015;9:CD001869. 

	11.	 Peitersen E. Bell’s palsy: the spontaneous course of 2,500 
peripheral facial nerve palsies of different etiologies. Acta 
Otolaryngol Suppl. 2002;549:4–30.

	12.	 Hohman MH, Hadlock TA. Etiology, diagnosis, and manage-
ment of facial palsy: 2000 patients at a facial nerve center. 
Laryngoscope 2014;124:E283–E293. 

	13.	 Adour KK, Byl FM, Hilsinger RL, Kahn ZM, Sheldon MI. 
The true nature of Bell’s palsy: analysis of 1,000 consecutive 
patients. Laryngoscope 1978;88:787–801. 

	14.	 Devriese PP, Schumacher T, Scheide A, de Jongh RH, 
Houtkooper JM. Incidence, prognosis and recovery of Bell’s 
palsy. A survey of about 1000 patients (1974-1983). Clin 
Otolaryngol Allied Sci. 1990;15:15–27. 

	15.	 Mistry RK, Al-Sayed AA. Facial nerve trauma. In: StatPearls. 
Treasure Island, FL: StatPearls Publishing; 2022.

	16.	 Ciorba A, Corazzi V, Conz V, Bianchini C, Aimoni C. 
Facial nerve paralysis in children. World J Clin Cases 
2015;3:973–979. 

	17.	 Terzis JK, Konofaos P. Experience with 60 adult patients with 
facial paralysis secondary to tumor extirpation. Plast Reconstr 
Surg. 2012;130:51e–66e. 

	18.	 Boahene K. Reanimating the paralyzed face. F1000Prime Rep. 
2013;5:49. 

	19.	 Jandali D, Revenaugh PC. Facial reanimation: an update on 
nerve transfers in facial paralysis. Curr Opin Otolaryngol Head 
Neck Surg. 2019;27:231–236. 

	20.	 Thorne CH, Chung KC, Gosain AK, et al. Grabb and Smith’s Plastic 
Surgery: Seventh Edition. Alphen aan den Rijn, The Netherlands: 
Hagerstown, MDWolters Kluwer Health Adis (ESP); 2013.

	21.	 Menchetti I, McAllister K, Walker D, Donnan PT. Surgical 
interventions for the early management of Bell’s palsy. 
Cochrane Database Syst Rev. 2021;1:CD007468. 

	22.	 Kim Y, Yeo SG, Rim HS, et al. Comparison of medical 
and surgical treatment in severe Bell’s palsy. J Clin Med. 
2022;11:888. 

	23.	 Lambley RG, Pereyra-Muñoz N, Parulekar M, Mireskandari 
K, Ali A. Structural and functional outcomes of anaesthetic 
cornea in children. Br J Ophthalmol. 2015;99:418–424. 

	24.	 Guerreschi P, Labbé D. Sequelae of facial palsy: a compre-
hensive treatment. Plast Reconstr Surg. 2019;144:682e–692e. 

	25.	 Bains RD, Elbaz U, Zuker RM, Ali A, Borschel GH. Corneal 
neurotization from the supratrochlear nerve with sural 
nerve grafts: a minimally invasive approach. Plast Reconstr 
Surg. 2015;135:397e–400e. 

	26.	 Sherris DA, May M, Larrabee WF. Surgical therapy of the 
paralyzed eyelid. Facial Plast Surg. 1994;10:150–156. 

	27.	 Maas CS, Benecke JE, Holds JB, Schoenrock LD, Simo F. 
Primary surgical management for rehabilitation of the para-
lyzed eye. Otolaryngol Head Neck Surg. 1994;110:288–295. 

	28.	 May M. Gold weight and wire spring implants as alternatives to 
tarsorrhaphy. Arch Otolaryngol Head Neck Surg. 1987;113:656–660. 

	29.	 Gilbard SM, Daspit CP. Reanimation of the paretic eye-
lid using gold weight implantation. A new approach and 

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

mailto:argosain@luriechildrens.org
https://doi.org/10.1097/PEC.0b013e3181f3bd4a
https://doi.org/10.1097/PEC.0b013e3181f3bd4a
https://doi.org/10.1097/PEC.0b013e3181f3bd4a
https://doi.org/10.1111/jpc.15498
https://doi.org/10.1111/jpc.15498
https://doi.org/10.1111/jpc.15498
https://doi.org/10.1136/ewjm.173.4.266
https://doi.org/10.1136/ewjm.173.4.266
https://doi.org/10.1111/bjhp.12440
https://doi.org/10.1111/bjhp.12440
https://doi.org/10.1111/bjhp.12440
https://doi.org/10.1097/00005537-200103000-00005
https://doi.org/10.1097/00005537-200103000-00005
https://doi.org/10.1097/00005537-200103000-00005
https://doi.org/10.1097/00005537-200103000-00005
https://doi.org/10.5999%2Faps.2020.00710
https://doi.org/10.5999%2Faps.2020.00710
https://doi.org/10.5999%2Faps.2020.00710
https://doi.org/10.1097/PRS.0b013e31823aedd9
https://doi.org/10.1097/PRS.0b013e31823aedd9
https://doi.org/10.1097/PRS.0b013e31823aedd9
https://doi.org/10.1136/bmj.329.7465.553
https://doi.org/10.1136/bmj.329.7465.553
https://doi.org/10.1002/14651858.CD001869.pub6
https://doi.org/10.1002/14651858.CD001869.pub6
https://doi.org/10.1002/14651858.CD001869.pub6
https://doi.org/10.1002/lary.24542
https://doi.org/10.1002/lary.24542
https://doi.org/10.1002/lary.24542
https://doi.org/10.1002/lary.1978.88.5.787
https://doi.org/10.1002/lary.1978.88.5.787
https://doi.org/10.1002/lary.1978.88.5.787
https://doi.org/10.1111/j.1365-2273.1990.tb00427.x
https://doi.org/10.1111/j.1365-2273.1990.tb00427.x
https://doi.org/10.1111/j.1365-2273.1990.tb00427.x
https://doi.org/10.1111/j.1365-2273.1990.tb00427.x
https://doi.org/10.12998/wjcc.v3.i12.973
https://doi.org/10.12998/wjcc.v3.i12.973
https://doi.org/10.12998/wjcc.v3.i12.973
https://doi.org/10.1097/PRS.0b013e318254b149
https://doi.org/10.1097/PRS.0b013e318254b149
https://doi.org/10.1097/PRS.0b013e318254b149
https://doi.org/10.12703/P5-49
https://doi.org/10.12703/P5-49
https://doi.org/10.1097/MOO.0000000000000543
https://doi.org/10.1097/MOO.0000000000000543
https://doi.org/10.1097/MOO.0000000000000543
https://doi.org/10.1002/14651858.CD007468.pub4
https://doi.org/10.1002/14651858.CD007468.pub4
https://doi.org/10.1002/14651858.CD007468.pub4
https://doi.org/10.3390/jcm11030888
https://doi.org/10.3390/jcm11030888
https://doi.org/10.3390/jcm11030888
https://doi.org/10.1136/bjophthalmol-2014-305719
https://doi.org/10.1136/bjophthalmol-2014-305719
https://doi.org/10.1136/bjophthalmol-2014-305719
https://doi.org/10.1097/PRS.0000000000006079
https://doi.org/10.1097/PRS.0000000000006079
https://doi.org/10.1097/prs.0000000000000994
https://doi.org/10.1097/prs.0000000000000994
https://doi.org/10.1097/prs.0000000000000994
https://doi.org/10.1097/prs.0000000000000994
https://doi.org/10.1055/s-2008-1064565
https://doi.org/10.1055/s-2008-1064565
https://doi.org/10.1177/019459989411000305
https://doi.org/10.1177/019459989411000305
https://doi.org/10.1177/019459989411000305
https://doi.org/10.1001/archotol.1987.01860060082020
https://doi.org/10.1001/archotol.1987.01860060082020
https://doi.org/10.1097/00002341-199106000-00003
https://doi.org/10.1097/00002341-199106000-00003


Plastic and Reconstructive Surgery • September 2023

532e

prospective evaluation. Ophthalmic Plast Reconstr Surg. 
1991;7:93–103. 

	30.	 Seiff SR, Sullivan JH, Freeman LN, Ahn J. Pretarsal fixation 
of gold weights in facial nerve palsy. Ophthalmic Plast Reconstr 
Surg. 1989;5:104–109. 

	31.	 Chepeha DB, Yoo J, Birt C, Gilbert RW, Chen J. Prospective 
evaluation of eyelid function with gold weight implant and 
lower eyelid shortening for facial paralysis. Arch Otolaryngol 
Head Neck Surg. 2001;127:299–303. 

	32.	 Sri Shanmuganathan V, Kethees A, Chang S-H, Papageorgiou 
K. The role of external eyelid weights in acute facial palsy: 
functional and aesthetic considerations. Oxf Med Case Reports. 
2018;2018:omx087. 

	33.	 Silver AL, Lindsay RW, Cheney ML, Hadlock TA. Thin-
profile platinum eyelid weighting: a superior option in the 
paralyzed eye. Plast Reconstr Surg. 2009;123:1697–1703. 

	34.	 Oh TS, Min K, Song SY, Choi JW, Koh KS. Upper eyelid 
platinum weight placement for the treatment of paralytic 
lagophthalmos: a new plane between the inner septum and 
the levator aponeurosis. Arch Plast Surg. 2018;45:222–228. 

	35.	 Rozen S, Lehrman C. Upper eyelid postseptal weight place-
ment for treatment of paralytic lagophthalmos. Plast Reconstr 
Surg. 2013;131:1253–1265. 

	36.	 Smellie GD. Restoration of the blinking reflex in facial palsy by 
a simple lid-load operation. Br J Plast Surg. 1966;19:279–283. 

	37.	 Rofagha S, Seiff SR. Long-term results for the use of gold 
eyelid load weights in the management of facial paralysis. 
Plast Reconstr Surg. 2010;125:142–149. 

	38.	 Hassan AS, Frueh BR, Elner VM. Müllerectomy for upper 
eyelid retraction and lagophthalmos due to facial nerve 
palsy. Arch Ophthalmol. 2005;123:1221–1225. 

	39.	 Portelinha J, Passarinho MP, Costa JM. Neuro-
ophthalmological approach to facial nerve palsy. Saudi J 
Ophthalmol. 2015;29:39–47. 

	40.	 Kartush JM, Linstrom CJ, McCann PM, Graham MD. 
Early gold weight eyelid implantation for facial paralysis. 
Otolaryngol Head Neck Surg. 1990;103:1016–1023. 

	41.	 Freeman MS, Thomas JR, Spector JG, Larrabee WF, Bowman 
CA. Surgical therapy of the eyelids in patients with facial 
paralysis. Laryngoscope 1990;100:1086–1096. 

	42.	 Yoo DB, Massry GG. True lower eyelid retractor recession 
as an adjunct to lower lid recession surgery. In: Hartstein 
ME, Massry GG, Holds JB, eds. Pearls and Pitfalls in Cosmetic 
Oculoplastic Surgery. New York: Springer; 2015:257–259. 

	43.	 Catalano PJ, Bergstein MJ, Biller HF. Comprehensive man-
agement of the eye in facial paralysis. Arch Otolaryngol Head 
Neck Surg. 1995;121:81–86. 

	44.	 Soll DB. New surgical approaches to the management of 
ocular exposure secondary to facial paralysis. Ophthalmic 
Plast Reconstr Surg. 1988;4:215–219. 

	45.	 Terzis JK, Karypidis D. Blink restoration in adult facial paral-
ysis. Plast Reconstr Surg. 2010;126:126–139. 

	46.	 Terzis JK, Karypidis D. The outcomes of dynamic proce-
dures for blink restoration in pediatric facial paralysis. Plast 
Reconstr Surg. 2010;125:629–644. 

	47.	 Mohanty AJ, Perez JL, Hembd A, Thrikutam NP, Bartley 
J, Rozen SM. Orbicularis oculi muscle reinnervation con-
fers corneal protective advantages over static interventions 
alone in the subacute facial palsy patient. Plast Reconstr Surg. 
2020;145:791–801. 

	48.	 Gray ML, Hu S, Gorbea E, Mashkevich G. Masseteric-zygomatic 
nerve transfer for the management of eye closure-smile excur-
sion synkinesis. Am J Otolaryngol. 2020;41:102479102479. 

	49.	 Guelinckx PJ. Blink restoration in long-standing facial paral-
ysis: use of free neurovascular platysma transfer. Plast Reconstr 
Surg Glob Open 2018;6:e1939. 

	50.	 Catapano J, Scholl D, Ho E, Zuker RM, Borschel GH. 
Restoration of trigeminal cutaneous sensation with cross-
face sural nerve grafts: a novel approach to facial sensory 
rehabilitation. Plast Reconstr Surg. 2015;136:568–571. 

	51.	 Antonyshyn K, Catapano J, Gordon T, Borschel GH. Corneal 
neurotization protects the cornea from epithelial thinning 
in a rat model of neurotrophic keratopathy. Invest Ophthalmol 
Vis Sci. 2019;60:926.

	52.	 Catapano J, Antonyshyn K, Zhang JJ, Gordon T, Borschel 
GH. Corneal neurotization improves ocular surface 
health in a novel rat model of neurotrophic keratopa-
thy and corneal neurotization. Invest Ophthalmol Vis Sci. 
2018;59:4345–4354. 

	53.	 Kolseth CM, Charlson ES, Kossler AL. Corneal neurotiza-
tion: a surgical treatment for neurotrophic keratopathy. J 
Neuroophthalmol. 2020;40:e11–e12. 

	54.	 Elbaz U, Bains R, Zuker RM, Borschel GH, Ali A. Restoration 
of corneal sensation with regional nerve transfers and 
nerve grafts: a new approach to a difficult problem. JAMA 
Ophthalmol. 2014;132:1289–1295. 

	55.	 Terzis JK, Dryer MM, Bodner BI. Corneal neurotization: a 
novel solution to neurotrophic keratopathy. Plast Reconstr 
Surg. 2009;123:112–120. 

	56.	 Fung SSM, Catapano J, Elbaz U, Zuker RM, Borschel GH, Ali 
A. In vivo confocal microscopy reveals corneal reinnervation 
after treatment of neurotrophic keratopathy with corneal 
neurotization. Cornea 2018;37:109–112. 

	57.	 Rammal A, Yoo J, Matic D. Static sling options for facial 
paralysis: now versus 10 years ago. Facial Plast Surg Clin North 
Am. 2021;29:375–381. 

	58.	 Gillies H. Experiences with fascia lata grafts in the operative 
treatment of facial paralysis: (Section of Otology and Section 
of Laryngology). Proc R Soc Med. 1934;27:1372–1382.

	59.	 Mclaughlin CR. Surgical support in permanent facial paraly-
sis. Plast Reconstr Surg (1946) 1953;11:302–314. 

	60.	 Sunderland IRP, Brenner MJ, Singham J, Rickman SR, 
Hunter DA, Mackinnon SE. Effect of tension on nerve regen-
eration in rat sciatic nerve transection model. Ann Plast Surg. 
2004;53:382–387. 

	61.	 Falcioni M, Taibah A, Russo A, Piccirillo E, Sanna M. Facial 
nerve grafting. Otol Neurotol. 2003;24:486–489. 

	62.	 Osinga R, Buncke HJ, Buncke GM, Meuli-Simmen C. 
Subdivision of the sural nerve: step towards individual facial 
reanimation. J Plast Surg Hand Surg. 2011;45:3–7. 

	63.	 Myckatyn TM, Mackinnon SE. A review of facial nerve anat-
omy. Semin Plast Surg. 2004;18:5–12. 

	64.	 Dougherty W, Liebman R, Loyo M. Contemporary tech-
niques for nerve transfer in facial reanimation. Plast Aesthet 
Res. 2021;8:6. 

	65.	 Myckatyn TM, Mackinnon SE. The surgical management of 
facial nerve injury. Clin Plast Surg. 2003;30:307–318. 

	66.	 Klebuc MJA. Facial reanimation using the masseter-to-facial 
nerve transfer. Plast Reconstr Surg. 2011;127:1909–1915. 

	67.	 Pensak ML, Jackson CG, Glasscock ME, Gulya AJ. Facial 
reanimation with the VII-XII anastomosis: analysis of the 
functional and psychologic results. Otolaryngol Head Neck 
Surg. 1986;94:305–310. 

	68.	 Perret G. Results of phrenicofacial nerve anastomosis for 
facial paralysis. Arch Surg. 1967;94:505–508. 

	69.	 Murphey AW, Clinkscales WB, Oyer SL. Masseteric nerve 
transfer for facial nerve paralysis: a systematic review and 
meta-analysis. JAMA Facial Plast Surg. 2018;20:104–110. 

	70.	 Albathi M, Oyer S, Ishii LE, Byrne P, Ishii M, Boahene KO. 
Early nerve grafting for facial paralysis after cerebellopon-
tine angle tumor resection with preserved facial nerve conti-
nuity. JAMA Facial Plast Surg. 2016;18:54–60. 

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

https://doi.org/10.1097/00002341-199106000-00003
https://doi.org/10.1097/00002341-199106000-00003
https://doi.org/10.1097/00002341-198906000-00005
https://doi.org/10.1097/00002341-198906000-00005
https://doi.org/10.1097/00002341-198906000-00005
https://doi.org/10.1001/archotol.127.3.299
https://doi.org/10.1001/archotol.127.3.299
https://doi.org/10.1001/archotol.127.3.299
https://doi.org/10.1001/archotol.127.3.299
https://doi.org/10.1093/omcr/omx087
https://doi.org/10.1093/omcr/omx087
https://doi.org/10.1093/omcr/omx087
https://doi.org/10.1093/omcr/omx087
https://doi.org/10.1097/PRS.0b013e3181a65a56
https://doi.org/10.1097/PRS.0b013e3181a65a56
https://doi.org/10.1097/PRS.0b013e3181a65a56
https://doi.org/10.5999/aps.2017.01599
https://doi.org/10.5999/aps.2017.01599
https://doi.org/10.5999/aps.2017.01599
https://doi.org/10.5999/aps.2017.01599
https://doi.org/10.1097/PRS.0b013e31828be961
https://doi.org/10.1097/PRS.0b013e31828be961
https://doi.org/10.1097/PRS.0b013e31828be961
https://doi.org/10.1016/s0007-1226(66)80056-5
https://doi.org/10.1016/s0007-1226(66)80056-5
https://doi.org/10.1097/PRS.0b013e3181c2a4f2
https://doi.org/10.1097/PRS.0b013e3181c2a4f2
https://doi.org/10.1097/PRS.0b013e3181c2a4f2
https://doi.org/10.1001/archopht.123.9.1221
https://doi.org/10.1001/archopht.123.9.1221
https://doi.org/10.1001/archopht.123.9.1221
https://doi.org/10.1016/j.sjopt.2014.09.009
https://doi.org/10.1016/j.sjopt.2014.09.009
https://doi.org/10.1016/j.sjopt.2014.09.009
https://doi.org/10.1177/019459989010300622
https://doi.org/10.1177/019459989010300622
https://doi.org/10.1177/019459989010300622
https://doi.org/10.1288/00005537-199010000-00012
https://doi.org/10.1288/00005537-199010000-00012
https://doi.org/10.1288/00005537-199010000-00012
https://doi.org/10.1007/978-1-4939-1544-6_79
https://doi.org/10.1007/978-1-4939-1544-6_79
https://doi.org/10.1007/978-1-4939-1544-6_79
https://doi.org/10.1007/978-1-4939-1544-6_79
https://doi.org/10.1001/archotol.1995.01890010063011
https://doi.org/10.1001/archotol.1995.01890010063011
https://doi.org/10.1001/archotol.1995.01890010063011
https://doi.org/10.1097/00002341-198804040-00003
https://doi.org/10.1097/00002341-198804040-00003
https://doi.org/10.1097/00002341-198804040-00003
https://doi.org/10.1097/PRS.0b013e3181dbbf34
https://doi.org/10.1097/PRS.0b013e3181dbbf34
https://doi.org/10.1097/PRS.0b013e3181c91f69
https://doi.org/10.1097/PRS.0b013e3181c91f69
https://doi.org/10.1097/PRS.0b013e3181c91f69
https://doi.org/10.1097/PRS.0000000000006608
https://doi.org/10.1097/PRS.0000000000006608
https://doi.org/10.1097/PRS.0000000000006608
https://doi.org/10.1097/PRS.0000000000006608
https://doi.org/10.1097/PRS.0000000000006608
https://doi.org/10.1016/j.amjoto.2020.102479
https://doi.org/10.1016/j.amjoto.2020.102479
https://doi.org/10.1016/j.amjoto.2020.102479
https://doi.org/10.1097/GOX.0000000000001939
https://doi.org/10.1097/GOX.0000000000001939
https://doi.org/10.1097/GOX.0000000000001939
https://doi.org/10.1097/PRS.0000000000001504
https://doi.org/10.1097/PRS.0000000000001504
https://doi.org/10.1097/PRS.0000000000001504
https://doi.org/10.1097/PRS.0000000000001504
https://doi.org/10.1167/iovs.18-24843
https://doi.org/10.1167/iovs.18-24843
https://doi.org/10.1167/iovs.18-24843
https://doi.org/10.1167/iovs.18-24843
https://doi.org/10.1167/iovs.18-24843
https://doi.org/10.1097/WNO.0000000000000879
https://doi.org/10.1097/WNO.0000000000000879
https://doi.org/10.1097/WNO.0000000000000879
https://doi.org/10.1001/jamaophthalmol.2014.2316
https://doi.org/10.1001/jamaophthalmol.2014.2316
https://doi.org/10.1001/jamaophthalmol.2014.2316
https://doi.org/10.1001/jamaophthalmol.2014.2316
https://doi.org/10.1097/PRS.0b013e3181904d3a
https://doi.org/10.1097/PRS.0b013e3181904d3a
https://doi.org/10.1097/PRS.0b013e3181904d3a
https://doi.org/10.1097/ICO.0000000000001315
https://doi.org/10.1097/ICO.0000000000001315
https://doi.org/10.1097/ICO.0000000000001315
https://doi.org/10.1097/ICO.0000000000001315
https://doi.org/10.1016/j.fsc.2021.03.010
https://doi.org/10.1016/j.fsc.2021.03.010
https://doi.org/10.1016/j.fsc.2021.03.010
https://doi.org/10.1097/00006534-195304000-00007
https://doi.org/10.1097/00006534-195304000-00007
https://doi.org/10.1097/01.sap.0000125502.63302.47
https://doi.org/10.1097/01.sap.0000125502.63302.47
https://doi.org/10.1097/01.sap.0000125502.63302.47
https://doi.org/10.1097/01.sap.0000125502.63302.47
https://doi.org/10.1097/00129492-200305000-00022
https://doi.org/10.1097/00129492-200305000-00022
https://doi.org/10.3109/2000656X.2011.554693
https://doi.org/10.3109/2000656X.2011.554693
https://doi.org/10.3109/2000656X.2011.554693
https://doi.org/10.1055/s-2004-823118
https://doi.org/10.1055/s-2004-823118
https://doi.org/10.20517/2347-9264.2020.195
https://doi.org/10.20517/2347-9264.2020.195
https://doi.org/10.20517/2347-9264.2020.195
https://doi.org/10.1016/s0094-1298(02)00102-5
https://doi.org/10.1016/s0094-1298(02)00102-5
https://doi.org/10.1097/PRS.0b013e31820e9138
https://doi.org/10.1097/PRS.0b013e31820e9138
https://doi.org/10.1177/019459988609400308
https://doi.org/10.1177/019459988609400308
https://doi.org/10.1177/019459988609400308
https://doi.org/10.1177/019459988609400308
https://doi.org/10.1001/archsurg.1967.01330100069011
https://doi.org/10.1001/archsurg.1967.01330100069011
https://doi.org/10.1001/jamafacial.2017.1780
https://doi.org/10.1001/jamafacial.2017.1780
https://doi.org/10.1001/jamafacial.2017.1780
https://doi.org/10.1001/jamafacial.2015.1558
https://doi.org/10.1001/jamafacial.2015.1558
https://doi.org/10.1001/jamafacial.2015.1558
https://doi.org/10.1001/jamafacial.2015.1558


 
Volume 152, Number 3 • Facial Reanimation Surgery

533e

	71.	 Hontanilla B, Marré D. Comparison of hemihypoglossal 
nerve versus masseteric nerve transpositions in the rehabili-
tation of short-term facial paralysis using the Facial Clima 
evaluating system. Plast Reconstr Surg. 2012;130:662e–672e. 

	72.	 Hontanilla B, Marre D, Cabello A. Masseteric nerve for rean-
imation of the smile in short-term facial paralysis. Br J Oral 
Maxillofac Surg. 2014;52:118–123. 

	73.	 Rubi C, Cardenas Mejia A, Cavadas PC, Thione A, Aramburo 
Garcia R, Rozen S. Nerve transfer for facial paralysis under 
intravenous sedation and local analgesia for the high surgical 
risk elderly patient. World Neurosurg. 2016;91:670.e13–670.e15. 

	74.	 Hontanilla B, Cabello A. Spontaneity of smile after facial 
paralysis rehabilitation when using a non-facial donor nerve. 
J Craniomaxillofac Surg. 2016;44:1305–1309. 

	75.	 Lifchez SD, Matloub HS, Gosain AK. Cortical adaptation 
to restoration of smiling after free muscle transfer inner-
vated by the nerve to the masseter. Plast Reconstr Surg. 
2005;115:1472–1479; discussion 1480–1482. 

	76.	 Sforza C, Tarabbia F, Mapelli A, et al. Facial reanimation with 
masseteric to facial nerve transfer: a three-dimensional lon-
gitudinal quantitative evaluation. J Plast Reconstr Aesthet Surg. 
2014;67:1378–1386. 

	77.	 Altamami NM, Zaouche S, Vertu-Ciolino D. A comparative 
retrospective study: hypoglossofacial versus masseterofacial 
nerve anastomosis using Sunnybrook facial grading system. 
Eur Arch Otorhinolaryngol. 2019;276:209–216. 

	78.	 Venail F, Sabatier P, Mondain M, Segniarbieux F, Leipp C, 
Uziel A. Outcomes and complications of direct end-to-side 
facial-hypoglossal nerve anastomosis according to the modi-
fied May technique. J Neurosurg. 2009;110:786–791. 

	79.	 Mohamed A, Omi E, Honda K, Suzuki S, Ishikawa K. 
Outcome of different facial nerve reconstruction tech-
niques. Braz J Otorhinolaryngol. 2016;82:702–709. 

	80.	 Samii M, Alimohamadi M, Khouzani RK, Rashid MR, 
Gerganov V. Comparison of direct side-to-end and end-to-
end hypoglossal-facial anastomosis for facial nerve repair. 
World Neurosurg. 2015;84:368–375. 

	81.	 May M, Sobol SM, Brackmann DE. Facial reanimation: the 
temporalis muscle and middle fossa surgery. Laryngoscope 
1991;101:430–432. 

	82.	 Hayashi A, Nishida M, Seno H, et al. Hemihypoglossal nerve 
transfer for acute facial paralysis. J Neurosurg. 2013;118:160–166. 

	83.	 Manni JJ, Beurskens CB, van de Velde C, Stokroos RJ. 
Successful reanimation of facial paralysis with an indirect 
anastomosis between hypoglossal nerve and facial nerve, 
without loss of function of the tongue (in Dutch). Ned 
Tijdschr Geneeskd. 2001;145:873–877.

	84.	 van Veen MM, Dijkstra PU, Werker PMN. A higher qual-
ity of life with cross-face-nerve-grafting as an adjunct to a 
hypoglossal-facial nerve jump graft in facial palsy treatment. 
J Plast Reconstr Aesthet Surg. 2017;70:1666–1674. 

	85.	 Terzis JK, Wang W, Zhao Y. Effect of axonal load on the 
functional and aesthetic outcomes of the cross-facial nerve 
graft procedure for facial reanimation. Plast Reconstr Surg. 
2009;124:1499–1512. 

	86.	 Coombs CJ, Ek EW, Wu T, Cleland H, Leung MK. Masseteric-
facial nerve coaptation—an alternative technique for facial nerve 
reinnervation. J Plast Reconstr Aesthet Surg. 2009;62:1580–1588. 

	87.	 Mackinnon SE, Dellon AL. Fascicular patterns of the hypo-
glossal nerve. J Reconstr Microsurg. 1995;11:195–198. 

	88.	 Labbé D, Huault M. Lengthening temporalis myoplasty and 
lip reanimation. Plast Reconstr Surg. 2000;105:1289–1297; dis-
cussion 1298.

	89.	 Lu GN, Byrne PJ. Temporalis tendon transfer versus gracilis 
free muscle transfer: when and why? Facial Plast Surg Clin 
North Am. 2021;29:383–388. 

	 90.	 Matic DB, Yoo J. The pedicled masseter muscle transfer for smile 
reconstruction in facial paralysis: repositioning the origin and 
insertion. J Plast Reconstr Aesthet Surg. 2012;65:1002–1008. 

	 91.	 Deramo PJ, Greives MR, Nguyen PD. Pediatric facial reanima-
tion: an algorithmic approach and systematic review. Arch Plast 
Surg. 2020;47:382–391. 

	 92.	 Roy M, Corkum JP, Shah PS, et al. Effectiveness and safety of 
the use of gracilis muscle for dynamic smile restoration in 
facial paralysis: a systematic review and meta-analysis. J Plast 
Reconstr Aesthet Surg. 2019;72:1254–1264. 

	 93.	 Bae Y-C, Zuker RM, Manktelow RT, Wade S. A comparison of com-
missure excursion following gracilis muscle transplantation for 
facial paralysis using a cross-face nerve graft versus the motor nerve 
to the masseter nerve. Plast Reconstr Surg. 2006;117:2407–2413. 

	 94.	 Terzis JK, Olivares FS. Long-term outcomes of free-muscle 
transfer for smile restoration in adults. Plast Reconstr Surg. 
2009;123:877–888. 

	 95.	 McHugh HE, Sowden KA, Levitt MN. Facial paralysis and muscle 
agenesis in the newborn. Arch Otolaryngol. 1969;89:131–143. 

	 96.	 Sadiq SA, Khwaja S, Saeed SR. Botulinum toxin to improve lower 
facial symmetry in facial nerve palsy. Eye 2012;26:1431–1436. 

	 97.	 Terzis JK, Kalantarian B. Microsurgical strategies in 74 patients 
for restoration of dynamic depressor muscle mechanism: a 
neglected target in facial reanimation. Plast Reconstr Surg. 
2000;105:1917–1931; discussion 1932–1934. 

	 98.	 Tzafetta K, Ruston JC, Pinto-Lopes R, Mabvuure NT. Lower 
lip reanimation: experience using the anterior belly of digas-
tric muscle in 2-stage procedure. Plast Reconstr Surg Glob Open 
2021;9:e3461. 

	 99.	 Niamtu J. Neuromodulators (neurotoxins). In: Cosmetic Facial 
Surgery. New York: Elsevier; 2018:533–568.

	100.	 Righini CA, Petrossi J, Reyt E, Atallah I. An original sub-
mandibular approach technique sparing the cervical branch 
of the facial nerve. Eur Ann Otorhinolaryngol Head Neck Dis. 
2014;131:143–146. 

	101.	 Laskawi R, Rohrbach S, Rödel R. Surgical and nonsurgical 
treatment options in patients with movement disorders of the 
platysma. J Oral Maxillofac Surg. 2002;60:157–162. 

	102.	 Sittel C, Stennert E. Prognostic value of electromyography in 
acute peripheral facial nerve palsy. Otol Neurotol. 2001;22:100–104. 

	103.	 Volk GF, Leier C, Guntinas-Lichius O. Correlation between elec-
tromyography and quantitative ultrasonography of facial mus-
cles in patients with facial palsy. Muscle Nerve 2016;53:755–761. 

	104.	 Fattah AY, Gurusinghe ADR, Gavilan J, et al.; Sir Charles Bell 
Society. Facial nerve grading instruments: systematic review of 
the literature and suggestion for uniformity. Plast Reconstr Surg. 
2015;135:569–579. 

	105.	 Lee HY, Park MS, Byun JY, Chung JH, Na SY, Yeo SG. Agreement 
between the Facial Nerve Grading System 2.0 and the House-
Brackmann Grading System in patients with Bell palsy. Clin Exp 
Otorhinolaryngol. 2013;6:135–139. 

	106.	 Alicandri-Ciufelli M, Piccinini A, Grammatica A, et al. A 
step backward: the “Rough” facial nerve grading system. J 
Craniomaxillofac Surg. 2013;41:e175–e179. 

	107.	 Miller MQ, Hadlock TA, Fortier E, Guarin DL. The Auto-eFACE: 
machine learning-enhanced program yields automated facial 
palsy assessment tool. Plast Reconstr Surg. 2021;147:467–474. 

	108.	 Barrs DM. Facial nerve trauma: optimal timing for repair. 
Laryngoscope 1991;101:835–848. 

	109.	 Hu J, Zhou L, Ma Z. Delayed repair of facial nerve trauma: 
an experimental study in guinea pigs. Acta Otolaryngol. 
2013;133:772–778. 

	110.	 Yawn RJ, Wright HV, Francis DO, Stephan S, Bennett ML. 
Facial nerve repair after operative injury: impact of timing 
on hypoglossal-facial nerve graft outcomes. Am J Otolaryngol. 
2016;37:493–496. 

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

https://doi.org/10.1097/PRS.0b013e318267d5e8
https://doi.org/10.1097/PRS.0b013e318267d5e8
https://doi.org/10.1097/PRS.0b013e318267d5e8
https://doi.org/10.1097/PRS.0b013e318267d5e8
https://doi.org/10.1016/j.bjoms.2013.09.017
https://doi.org/10.1016/j.bjoms.2013.09.017
https://doi.org/10.1016/j.bjoms.2013.09.017
https://doi.org/10.1016/j.wneu.2016.03.091
https://doi.org/10.1016/j.wneu.2016.03.091
https://doi.org/10.1016/j.wneu.2016.03.091
https://doi.org/10.1016/j.wneu.2016.03.091
https://doi.org/10.1016/j.jcms.2016.06.031
https://doi.org/10.1016/j.jcms.2016.06.031
https://doi.org/10.1016/j.jcms.2016.06.031
https://doi.org/10.1097/01.prs.0000160266.81504.71
https://doi.org/10.1097/01.prs.0000160266.81504.71
https://doi.org/10.1097/01.prs.0000160266.81504.71
https://doi.org/10.1097/01.prs.0000160266.81504.71
https://doi.org/10.1016/j.bjps.2014.05.039
https://doi.org/10.1016/j.bjps.2014.05.039
https://doi.org/10.1016/j.bjps.2014.05.039
https://doi.org/10.1016/j.bjps.2014.05.039
https://doi.org/10.1007/s00405-018-5186-y
https://doi.org/10.1007/s00405-018-5186-y
https://doi.org/10.1007/s00405-018-5186-y
https://doi.org/10.1007/s00405-018-5186-y
https://doi.org/10.3171/2008.9.JNS08769
https://doi.org/10.3171/2008.9.JNS08769
https://doi.org/10.3171/2008.9.JNS08769
https://doi.org/10.3171/2008.9.JNS08769
https://doi.org/10.1016/j.bjorl.2015.12.010
https://doi.org/10.1016/j.bjorl.2015.12.010
https://doi.org/10.1016/j.bjorl.2015.12.010
https://doi.org/10.1016/j.wneu.2015.03.029
https://doi.org/10.1016/j.wneu.2015.03.029
https://doi.org/10.1016/j.wneu.2015.03.029
https://doi.org/10.1016/j.wneu.2015.03.029
https://doi.org/10.1002/lary.1991.101.4.430
https://doi.org/10.1002/lary.1991.101.4.430
https://doi.org/10.1002/lary.1991.101.4.430
https://doi.org/10.3171/2012.9.JNS1270
https://doi.org/10.3171/2012.9.JNS1270
https://doi.org/10.1016/j.bjps.2017.06.002
https://doi.org/10.1016/j.bjps.2017.06.002
https://doi.org/10.1016/j.bjps.2017.06.002
https://doi.org/10.1016/j.bjps.2017.06.002
https://doi.org/10.1097/PRS.0b013e3181babb93
https://doi.org/10.1097/PRS.0b013e3181babb93
https://doi.org/10.1097/PRS.0b013e3181babb93
https://doi.org/10.1097/PRS.0b013e3181babb93
https://doi.org/10.1016/j.bjps.2008.05.046
https://doi.org/10.1016/j.bjps.2008.05.046
https://doi.org/10.1016/j.bjps.2008.05.046
https://doi.org/10.1055/s-2007-1006531
https://doi.org/10.1055/s-2007-1006531
https://doi.org/10.1016/j.fsc.2021.03.002
https://doi.org/10.1016/j.fsc.2021.03.002
https://doi.org/10.1016/j.fsc.2021.03.002
https://doi.org/10.1016/j.bjps.2012.03.021
https://doi.org/10.1016/j.bjps.2012.03.021
https://doi.org/10.1016/j.bjps.2012.03.021
https://doi.org/10.5999/aps.2020.00710
https://doi.org/10.5999/aps.2020.00710
https://doi.org/10.5999/aps.2020.00710
https://doi.org/10.1016/j.bjps.2019.05.027
https://doi.org/10.1016/j.bjps.2019.05.027
https://doi.org/10.1016/j.bjps.2019.05.027
https://doi.org/10.1016/j.bjps.2019.05.027
https://doi.org/10.1097/01.prs.0000218798.95027.21
https://doi.org/10.1097/01.prs.0000218798.95027.21
https://doi.org/10.1097/01.prs.0000218798.95027.21
https://doi.org/10.1097/01.prs.0000218798.95027.21
https://doi.org/10.1097/PRS.0b013e31819ba316
https://doi.org/10.1097/PRS.0b013e31819ba316
https://doi.org/10.1097/PRS.0b013e31819ba316
https://doi.org/10.1001/archotol.1969.00770020133024
https://doi.org/10.1001/archotol.1969.00770020133024
https://doi.org/10.1038/eye.2012.189
https://doi.org/10.1038/eye.2012.189
https://doi.org/10.1097/00006534-200005000-00001
https://doi.org/10.1097/00006534-200005000-00001
https://doi.org/10.1097/00006534-200005000-00001
https://doi.org/10.1097/00006534-200005000-00001
https://doi.org/10.1097/GOX.0000000000003461
https://doi.org/10.1097/GOX.0000000000003461
https://doi.org/10.1097/GOX.0000000000003461
https://doi.org/10.1097/GOX.0000000000003461
https://doi.org/10.1016/j.anorl.2013.04.003
https://doi.org/10.1016/j.anorl.2013.04.003
https://doi.org/10.1016/j.anorl.2013.04.003
https://doi.org/10.1016/j.anorl.2013.04.003
https://doi.org/10.1053/joms.2002.29810
https://doi.org/10.1053/joms.2002.29810
https://doi.org/10.1053/joms.2002.29810
https://doi.org/10.1097/00129492-200101000-00019
https://doi.org/10.1097/00129492-200101000-00019
https://doi.org/10.1002/mus.24931
https://doi.org/10.1002/mus.24931
https://doi.org/10.1002/mus.24931
https://doi.org/10.1097/PRS.0000000000000905
https://doi.org/10.1097/PRS.0000000000000905
https://doi.org/10.1097/PRS.0000000000000905
https://doi.org/10.1097/PRS.0000000000000905
https://doi.org/10.3342/ceo.2013.6.3.135
https://doi.org/10.3342/ceo.2013.6.3.135
https://doi.org/10.3342/ceo.2013.6.3.135
https://doi.org/10.3342/ceo.2013.6.3.135
https://doi.org/10.1016/j.jcms.2012.11.047
https://doi.org/10.1016/j.jcms.2012.11.047
https://doi.org/10.1016/j.jcms.2012.11.047
https://doi.org/10.1097/PRS.0000000000007572
https://doi.org/10.1097/PRS.0000000000007572
https://doi.org/10.1097/PRS.0000000000007572
https://doi.org/10.1288/00005537-199108000-00007
https://doi.org/10.1288/00005537-199108000-00007
https://doi.org/10.3109/00016489.2013.765967
https://doi.org/10.3109/00016489.2013.765967
https://doi.org/10.3109/00016489.2013.765967
https://doi.org/10.1016/j.amjoto.2016.05.001
https://doi.org/10.1016/j.amjoto.2016.05.001
https://doi.org/10.1016/j.amjoto.2016.05.001
https://doi.org/10.1016/j.amjoto.2016.05.001

