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ABSTRACT

The surgical management of facial nerve injuries is dependent upon a thorough
understanding of facial nerve anatomy, nerve physiology, and microsurgical techniques.
When possible, primary neurorrhaphy is the ‘‘gold standard’’ repair technique. Injuries
resulting in long nerve gaps or a significant delay between the time of injury and repair
requires alterative techniques, such as nerve grafts, nerve transfers, regional muscle
transfers, free tissue transfers, and static procedures. Scrupulous technique, selection of
the appropriate surgical management, and aggressive physiotherapy with motor reed-
ucation are all critical to obtaining a functionally and aesthetically acceptable result while
minimizing synkinesis and facial asymmetry. This review of the literature provides an
overview of current concepts in the surgical management of facial nerve injuries.
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Facial nerve damage leads to both functional and
cosmetic deficits. The goals of facial reanimation are to
restore facial symmetry, restore voluntary control of the
facial musculature, allow the patient to express emotion
via the facial musculature, protect the eye, and provide
oral continence.

Today’s peripheral nerve repair techniques are
based on concepts outlined as early as 1821, when
Sir Charles Bell first attempted to repair the facial nerve.1

Nerve transfers and partial nerve transfers utilizing end-
to-side neurorrhaphy had been described by the early
1900s, and by 1936 surgeons had employed free nerve
grafts to bridge large gaps following acoustic neuroma
resection.2–7 Over the past 30 years, advances in optics,
microsurgical techniques, and the understanding of neu-
romuscular anatomy and physiology have led to signifi-
cant improvement in treatment options for extensive and
long-standing facial nerve injuries. Canine studies in
1970 described free neuromuscular flaps,8–10 and by
1971 these tissue transfers had been described in the
clinical setting.11–14 Concurrently, Scaramella was

demonstrating the utility of cross-facial nerve graft-
ing.15,16 As we gain a better understanding of facial nerve
fascicular anatomy and corresponding muscular terri-
tory,17 as well as the tonicity of various facial muscles18

and the unique properties of facial muscle motor end
plate distribution,19 we continue to refine surgical techni-
ques to produce more functional, symmetric, and natural-
appearing results.

SURGICAL MANAGEMENT OF ACUTE
FACIAL NERVE INJURIES

Primary Neurorrhaphy

When the proximal and distal cut stumps of the facial
nerve are available for repair, acute injuries to the
extratemporal facial nerve should be repaired as early as
possible to facilitate identification of the transected nerve
stumps. After 72 hours, the neurotransmitter stores
required for motor end plate depolarization are irrever-
sibly depleted and the target muscles no longer respond
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to stimulation of the distal nerve stump. A tension-free
end-to-end repair is the ‘‘gold standard’’ technique.

Nerve grafts are indicated when the proximal and
distal cut stumps of the facial nerve are clearly identifi-
able but the intervening gap is too wide to effect a
tension-free repair. Once the facial nerve stumps have
been dissected and trimmed to the level of healthy
fascicles, the nerve may be repaired in an end-to-end
fashion with an interposed free nerve graft. The sural,
greater auricular nerve and medial antebrachial cuta-
neous (MABC) or lateral antebrachial cutaneous
(LABC) nerve are all acceptable donors. Our current
preference is the anterior branch of the MABC.

The facial nerve has a variable spatial arrange-
ment, which has direct clinical implications.20–22 The
internal topography of the facial nerve becomes less
complicated as it proceeds peripherally, and even though
the senior author has acutely repaired transected nerve
branches medial to a perceived line drawn from the
lateral corner of the eye to the lateral corner of the lip
with excellent success, facial function tends to recover
spontaneously in injuries to this region. In addition,
individual facial muscle fibers can possess multiple motor
end plates that arise from different branches of the facial
nerve.19,23 This duplicity in innervation and more con-
sistent facial nerve topography lead to a greater degree of
recovery with more medial, or peripheral, injuries and
also contribute to greater success with nerve repair.24 In
some cases, dormant branches of the trigeminal nerve
may reinnervate denervated facial muscles as seen in rare
cases of delayed spontaneous return of facial animation
without surgical intervention.25

Facial nerve repair is frequently complicated
by synkinesis or dyskinesis. Synkinesis is defined as the
abnormal, simultaneous contraction of a group of mus-
cles with voluntary or involuntary facial expression. This
phenomenon occurs when regenerating axons innervate
unintended targets. Dyskinesis refers to unintended
facial muscle contractions that occur when axons inap-
propriately innervate the intended target. These
phenomena are more likely to occur with more proximal
injuries to the facial nerve, especially intratemporal
injuries.

Cross-Facial Nerve Graft

When the proximal facial nerve stump is unavailable for
primary repair, the reconstructive surgeon may employ a
cross-facial nerve graft.15,26–28 Axons from the contral-
ateral facial nerve are diverted to the injured distal facial
nerve stump via a free nerve graft. Selecting a donor nerve
with function similar to and synchronous with that of the
injured nerve, such as the contralateral facial nerve, leads
to a natural functional outcome and minimizes synkin-
esis. Branches of the contralateral facial nerve are exposed
through a standard preauricular incision, and nerve

stimulation identifies branches of the contralateral facial
nerve that may be sacrificed without incurring functional
deficits on the donor side. Usually, one or two nerve
branches that cause elevation of the oral commissure and
upper lip are chosen while protecting the branches that
will preserve eyelid function. Next, the severed branches
of the donor nerve are coapted in an end-to-end fashion
with the free nerve graft, which is usually the sural nerve
based on its caliber, length, and expendability. A sub-
cutaneous tunnel is created across the upper lip, and the
nerve graft is delivered to the contralateral side. If this
procedure can be done shortly after the initial injury, the
distal nerve graft may be coapted to the contralateral
facial nerve branches at this time, but it is otherwise
banked in the preauricular region in preparation for a free
muscle transfer. Delayed repairs are discussed in a later
section of this article.

Nerve Transfers and Partial Nerve Transfers

Facial nerve defects that are not amenable to repair using
the ipsilateral or contralateral facial nerve must rely on
innervation from an alternative source. Earlier techni-
ques sacrificed an adjacent nerve, such as the hypoglossal,
to provide regenerating axons for the distal facial nerve
stump. However, donor morbidity is high when the
entire donor nerve is used and includes swallowing and
speech problems and tongue hemiatrophy. Additional
morbidity arises from activation of the donor nerve’s
original target muscles to stimulate the reinnervated
facial muscles. Following hypoglossal-facial nerve trans-
fers, patients need to manipulate their tongues to acti-
vate the neurotized facial muscles and may develop
synkinetic facial movements with speech, eating, and
other tongue movements. Other donor nerves have also
been used including the trigeminal29,30 and spinal ac-
cessory nerves,2,31,32 but their use has also resulted in
gross, dyskinetic facial movements. However, with time,
some patients with appropriate therapy and motor reed-
ucation develop the ability to contract reinnervated facial
muscles independently and spontaneously without con-
sciously activating donor nerve function.33

To minimize donor morbidity, partial hypoglossal
nerve transfer using up to 25% of the nerve has been
described with adequate reinnervation of facial muscles
and no appreciable loss of tongue function or bulk or
speech deficits.34–37 The ipsilateral hypoglossal nerve is
exposed proximally where it has been shown to have a
monofascicular pattern and then dissected distally where
it develops a polyfascicular pattern.38 An end-to-side
neurorrhaphy is employed using an interposition nerve
graft, usually the MABC, and a partial neurectomy in
the hypoglossal nerve is performed to facilitate regen-
eration across the end-to-side repair. Care is taken to
preserve fascicles of the hypoglossal nerve innervating
the posterior aspect of the tongue.
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Nerve transfers have also been used to provide
temporary trophic support to the denervated neuromus-
cular junction if a prolonged period of denervation is
anticipated such as in reconstructions using a cross-facial
nerve graft and free muscle transfer.39–42 Such ‘‘baby-
sitter’’ procedures have been described utilizing both the
hypoglossal and accessory nerves.32 However, the effi-
cacy of this technique has been questioned in the animal
model, which suggests that recovery of muscle function
is superior after a single prolonged period of denervation
followed by a single reinnervation rather than repeated
episodes of denervation followed by reinnervation.43 As
well, the patient is often reluctant to lose the result from
the so-called baby-sitter procedure that is sacrificed in
the hope of a better result.

SURGICAL MANAGEMENT OF
ESTABLISHED FACIAL PALSY

Regional Muscle Transfers

When facial musculature has been denervated for more
than a year, motor end plates are usually irreversibly lost,
and surgical attempts at reinnervation are usually futile.
A patient’s resulting deficits, general medical condition,
and expectations all play a role in determining the most
appropriate surgical procedure at this point. If the
patient does not wish to have multiple procedures or
will not medically tolerate a prolonged anesthetic, a
regional muscle transfer is a good choice for restoring
voluntary facial movement. The temporalis and masseter
muscles are most commonly chosen for regional trans-
fer,44 utilizing either a portion of the muscle or the entire
muscle, or sometimes both muscles may be used if the
natural vector of the patient’s smile is in a more lateral
direction.45,46 We most commonly use a partial tempor-
alis muscle transfer. The vector generated by the trans-
ferred muscle extends from the modiolus to the anterior
zygomatic arch and resembles the vector created by
contraction of the zygomaticus major muscle.

The temporalis muscle is mobilized through a
preauricular incision extending cephalad over the tem-
poralis. A superiorly based flap of deep temporal fascia
�4 cm in width with its cephalic attachment to the
muscle reinforced with suture is used to extend the reach
of the transfer and provide a means of securing the
muscle distally to the modiolus and orbicularis oris.
The temporalis is mobilized to the superior border of
the zygomatic arch, and insetting is the same as for a free
muscle transfer using nonabsorbable clear sutures placed
in the orbicularis oris muscle above (three sutures), below
(one or two sutures), and at the modiolus (one suture).
An intraoral splint is used to support the oral commissure
on the affected side postoperatively for �6 weeks.

The senior author has found the temporalis
muscle transfer to be a very reliable alternative to

microsurgical reconstruction in restoring facial function
after prolonged denervation (Fig. 1). The success of the
procedure depends on the patient’s ability to contract the
temporalis independently on the affected side to match
the degree of facial muscle contraction on the normal
side. Although involuntary facial contractions are rarely
symmetric, our experience has demonstrated that appro-
priate patients do extremely well with postoperative
therapy and motor reeducation.

Free Tissue Transfers

Regional muscle transfers, like nerve transfers, mandate
an element of synkinesis to activate the transferred
muscle. Free tissue transfers may avoid these problems
if the patient is medically and psychologically tolerant of
longer and multiple procedures.1 Ipsilateral nerves and
free cross-facial nerve grafts may provide innervation for
free muscle transfers. Alternatively, some free tissue
transfers have a neural pedicle with sufficient length to
reach the contralateral facial nerve. Donor muscles for
free tissue transfer have included the gracilis,47 latissimus
dorsi,14 pectoralis minor,11 and rectus abdominis.48

Free tissue transfers may require either one or two
stages. Use of cross-facial nerve grafts, due to the exten-
sive amount of time required for axonal elongation across
the graft, has conventionally required two stages. First, a
cross-facial nerve graft is coapted to the donor nerve and
tunneled to an area near its intended target. A period of
6 to 8 months is required for axons to regenerate across
the nerve graft, at which point a free tissue transfer is
performed. The neural pedicle of the transferred muscle
is coapted to the distal end of the axon-rich cross-facial
nerve graft. Our current preference is to perform a cross-
facial nerve graft procedure followed by a vascularized
free gracilis muscle transfer �8 months later (Fig. 2).
The gracilis muscle is preferred because of its expend-
ability, ease of harvest, parallel fiber orientation, and
reasonable length of excursion with contraction. The
latissimus dorsi muscle with its longer neurovascular
pedicle is useful in facial palsy reconstruction when a
long pedicle is preferred, for example, with associated
facial trauma. The gracilis muscle is trimmed for appro-
priate tension, anchored proximally to the zygomatic arch
and overlying fascia, and inset distally to the orbicularis
oris at the oral commissure as described previously for the
temporalis muscle transfer.

Several groups have reported one-stage free mus-
cle transfers. Using muscles such as the rectus femoris or
latissimus dorsi, which have a long nerve pedicle, the
muscle transfer and nerve coaptation to the contralateral
facial nerve can be done at the same time.49,50 Although
the distance across which regenerating axons must travel
is equal to that in the standard two-stage cross-facial
nerve graft, groups performing one-stage operations
report no problems with muscle reinnervation either
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clinically or by electromyographic data.51 Muscular re-
covery has been reported as early as 6 months following
one-stage operations. Harii et al proposed two possible
mechanisms by which one-stage procedures equal or
surpass the results of two-stage procedures.47 First,
blood may flow in a retrograde manner from the trans-
ferred muscle into the neural pedicle, effectively creating
a vascularized nerve graft. Next, one-stage procedures
require only one neurorrhaphy, whereas the use of two
suture lines with a nerve graft limits axonal regeneration
and degree of muscle reinnervation. Using this techni-
que, branches of the normal facial nerve to be diverted to
the free muscle are exposed through an incision made on

the unaffected cheek at the anterior border of the parotid
gland or near the nasolabial fold,47 or a preauricular
incision may also be used.49,51–53 Although questions
remain about the long-term outcome and the integrity of
the neuromuscular junction in one-stage procedures, the
shorter recovery period and reduced operative times
remain distinct advantages with this increasingly popular
technique.

Muscles with dual innervation provide an addi-
tional option for single-stage procedures. A single donor
muscle can be used to reanimate multiple sites
with multiple donor nerves, allowing selective activation
of a single transferred muscle. The long femoral nerve

Figure 1 Middle-aged woman with established right facial palsy.
(A) Preoperative photograph demonstrating smile. (B) Intraopera-
tive photograph of temporalis muscle transfer. (C) Two-year
follow-up demonstrating smile.
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innervating the rectus femoris may be coapted to the
contralateral facial nerve to elicit lip elevation, while the
inferior segment of the same muscle may be used for lip
depression via a short motor nerve coapted to the
ipsilateral masseteric nerve.50

STATIC PROCEDURES
While muscle and nerve transfers may be used to
reanimate the paralyzed face, static procedures, such as
eyelid weighting and sling procedures, also improve both
functional and aesthetic results.

Figure 2 Teenage male with established right facial palsy. (A) Preoperative photograph demonstrating smile. (B) Intraoperative
photograph showing transfer of free vascularized gracilis muscle 8 months following cross-facial nerve graft procedure. (C) Two-year
and (D) 7-year follow-up demonstrating smile.
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Lagophthalmos, or inability to close the eyelids, is
a significant functional deficit following facial nerve
injury, and exposure keratitis and tearing are common
sequelae. The use of gold weights is the most commonly
used technique to correct this problem.54,55 Gold
weights ranging from 0.8 to 1.6 g are placed immediately
superficial to the tarsal plate and centered over the pupil
with the patient in centric gaze. Although this procedure
reliably achieves eyelid closure, several complications can
occur. Excessively heavy weights are commonly chosen,
although this may be subsequently corrected.56 Implant
visibility, extrusion, downward migration, and ocular
irritation are also common complications.57 Reanima-
tion of the eye is discussed in detail in another article in
this issue.

Restoring facial symmetry poses a significant
challenge following facial paralysis. Gore-tex or tensor
fascia lata slings may be used to provide traction on the
perioral musculature to return the paralyzed modiolus to
a more natural position.58 Conversely, limiting the
function of the nonparalyzed side by denervation with
botulinum toxin may also help to restore facial symme-
try.59,60 Usually, secondary procedures are performed
�18 to 24 months after major reconstruction to allow
wound healing and scar remodeling and to allow patients
to identify which aspects of their facial aesthetics and
function they wish to change. Other ancillary procedures
may include debulking procedures, tightening or repo-
sitioning procedures, or selective denervations to max-
imize symmetry. Contour deformities may be further
improved with fat grafts,61 dermal fat grafts,62 fascia lata
grafts,63 or other alloplastic alternatives.64

CONCLUSIONS
Treatment of facial nerve injuries requires a detailed
understanding of the facial nerve anatomy, accurate
clinical examination, and timely and appropriate diag-
nostic studies. Options for reconstruction depend on the
extent of the injury, availability of the proximal nerve
stump, the time since the injury, and the patient’s ability
to tolerate lengthy surgical procedures. Although no
option is perfect, these techniques may help to achieve
facial symmetry, prevent drooling, and restore the pa-
tient’s ability to express emotion with the facial muscu-
lature. New techniques including single-stage free tissue
transfer, bioengineered nerve grafts, and further research
on the characteristics of the facial musculature will
inevitably contribute to the future surgical management
of facial nerve injuries.

REFERENCES

1. Bell C. On the nerves, giving an account of some experiments
on their structure and functions, which leads to a new arran-
gement of the system. Trans R Soc Lond 1821;3:398

2. Ballance CA, Ballance HA, Stewart P. Operative treatment of
chronic facial palsy of peripheral origin. Br Med J 1903:1009–
1013

3. Bunnell S. Suture of the facial nerve within the temporal bone
with a report of the first successful case. Surg Gynecol Obstet
1927;45:7–12

4. Dott NM. Facial paralysis: restitution by extrapetrous nerve
graft. Proc R Soc Med 1958;51:900–902

5. Kennedy RA, McKendrick FRS. On the restoration co-
ordinated movements after nerve-crossing, with interchange
of function of the cerebral cortical centres. Philos Trans R Soc
Lond B Biol Sci 1901;194:127–162

6. Lexer E, Eden R. Uber die chirurgische Behandlung der
peripheren Facialislaehmung. Beitr Klin Chir 1911;73:116

7. Sawicki B. The status of neurosurgery. Paris: J Reuff; 1902
8. Tamai S, Komatsu S, Sakamoto H, Sano S, Sasauchi N. Free

muscle transplants in dogs, with microsurgical neurovascular
anastomoses. Plast Reconstr Surg 1970;46:219–225

9. Thompson N. Autogenous free grafts of skeletal muscle. A
preliminary experimental and clinical study. Plast Reconstr
Surg 1971;48:11–27

10. Thompson N. Investigation of autogenous skeletal muscle
free grafts in the dog with a report on a successful free graft of
skeletal muscle in man. Transplantation 1971;12:353–363

11. Terzis JK. Pectoralis minor: a unique muscle for correction of
facial palsy. Plast Reconstr Surg 1989;83:767–776

12. Mackinnon SE, Dellon AL. Technical considerations of the
latissimus dorsi muscle flap: a segmentally innervated muscle
transfer for facial reanimation. Microsurgery 1988;9:36–45

13. Harii K, Ohmori K, Torii S. Free gracilis muscle transplanta-
tion, with microneurovascular anastomoses for the treatment
of facial paralysis. A preliminary report. Plast Reconstr Surg
1976;57:133–143

14. Dellon AL, Mackinnon SE. Segmentally innervated latissi-
mus dorsi muscle. Microsurgical transfer for facial reanima-
tion. J Reconstr Microsurg 1985;2:7–12

15. Scaramella LF. Cross-face facial nerve anastomosis: historical
notes. Ear Nose Throat J 1996;75:343–354

16. Scaramella LF. Facial reanimation. Ear Nose Throat J 2002;
81:411

17. Manktelow RT, Zuker RM. Muscle transplantation by
fascicular territory. Plast Reconstr Surg 1984;73:751–757

18. Freilinger G, Happak W, Burggasser G, Gruber H.
Histochemical mapping and fiber size analysis of mimic
muscles. Plast Reconstr Surg 1990;86:422–428

19. Happak W, Liu J, Burggasser G, et al. Human facial muscles:
dimensions, motor endplate distribution, and presence of
muscle fibers with multiple motor endplates. Anat Rec
1997;249:276–284

20. May M. Anatomy for the clinician. In: May M, Schaitkin
BM, eds. The Facial Nerve. New York: Thieme; 2000:19–56

21. May M. Anatomy of the facial nerve (spatial orientation of
fibers in the temporal bone). Laryngoscope 1973;83:1311–
1329

22. Podvinec M, Pfaltz CR. Studies on the anatomy of the facial
nerve. Acta Otolaryngol 1976;81:173–177

23. Happak W, Burggasser G, Liu J, Gruber H, Freilinger G.
Anatomy and histology of the mimic muscles and the
supplying facial nerve. Eur Arch Otorhinolaryngol 1994:
S85–S86

24. Seiler WA, Dellon AL, Mackinnon SE. Correlation of facial
muscle anatomy and motor function in Macaca fascicularis.
Peripheral Nerve Repair Regeneration 1986;1:41–48

28 SEMINARS IN PLASTIC SURGERY/VOLUME 18, NUMBER 1 2004



25. Norris CW, Proud GO. Spontaneous return of facial motion
following seventh cranial nerve resection. Laryngoscope
1981;91:211–215

26. Anderl H. Cross-face nerve transplant. Clin Plast Surg
1979;6:433–449

27. Anderl H. Cross-face nerve transplantation in facial palsy.
Proc R Soc Med 1976;69:781–783

28. Scaramella LF, Tobias E. Facial nerve anastomosis. Laryngo-
scope 1973;83:1834–1840

29. Fournier HD, Denis F, Papon X, Hentati N, Mercier P. An
anatomical study of the motor distribution of the mandibular
nerve for a masseteric-facial anastomosis to restore facial
function. Surg Radiol Anat 1997;19:241–244

30. Frydman WL, Heffez LB, Jordan SL, Jacob A. Facial muscle
reanimation using the trigeminal motor nerve: an experi-
mental study in the rabbit. J Oral Maxillofac Surg 1990;
48:1294–1304

31. Hadlock TA, Cheney ML. Update on facial nerve repair.
Facial Plast Surg 1998;14:179–184

32. Endo T, Hata J, Nakayama Y. Variations on the ‘‘baby-sitter’’
procedure for reconstruction of facial paralysis. J Reconstr
Microsurg 2000;16:37–43

33. Stennert EI. Hypoglossal facial anastomosis: its significance
for modern facial surgery. II. Combined approach in
extratemporal facial nerve reconstruction. Clin Plast Surg
1979;6:471–486

34. Yoleri L, Songur E, Yoleri O, Vural T, Cagdas A.
Reanimation of early facial paralysis with hypoglossal/facial
end-to-side neurorrhaphy: a new approach. J Reconstr
Microsurg 2000;16:347–355

35. Manni JJ, Beurskens CH, van de Velde C, Stokroos RJ.
Reanimation of the paralyzed face by indirect hypoglossal-
facial nerve anastomosis. Am J Surg 2001;182:268–273

36. Koh KS, Kim JK, Kim CJ, Kwun BD, Kim SY. Hypoglossal-
facial crossover in facial-nerve palsy: pure end-to-side
anastomosis technique. Br J Plast Surg 2002;55:25–31

37. Darrouzet V, Dutkiewicz J, Chambrin A, Stoll D, Bebear JP.
Hypoglosso-facial anastomosis: results and technical devel-
opment towards end-to-side anastomosis with rerouting of
the intra-temporal facial nerve (modified May technique) (in
French). Rev Laryngol Otol Rhinol (Bord) 1997;118:203–
210

38. Mackinnon SE, Dellon AL. Fascicular patterns of the
hypoglossal nerve. J Reconstr Microsurg 1995;11:195–198

39. Kalantarian B, Rice DC, Tiangco DA, Terzis JK. Gains and
losses of the XII–VII component of the ‘‘baby-sitter’’
procedure: a morphometric analysis. J Reconstr Microsurg
1998;14:459–471

40. Mersa B, Tiangco DA, Terzis JK. Efficacy of the ‘‘baby-sitter’’
procedure after prolonged denervation. J Reconstr Microsurg
2000;16:27–35

41. Thanos PK, Terzis JK. A histomorphometric analysis of the
cross-facial nerve graft in the treatment of facial paralysis. J
Reconstr Microsurg 1996;12:375–382

42. Thanos PK, Terzis JK. Motor endplate analysis of the
denervated and reinnervated orbicularis oculi muscle in the
rat. J Reconstr Microsurg 1995;11:423–428

43. Yoshimura K, Asato H, Jejurikar SS, et al. The effect of
two episodes of denervation and reinnervation on skeletal
muscle contractile function. Plast Reconstr Surg 2002;109:
212–219

44. Baker DC, Conley J. Regional muscle transposition for
rehabilitation of the paralyzed face. Clin Plast Surg 1979;6:
317–331

45. Sachs ME, Conley J. Dual simultaneous systems for facial
reanimation. Arch Otolaryngol 1983;109:137–139

46. Schauss F, Schick B, Draf W. Regional muscle flap-plasty and
adjuvant measures for rehabilitation of the paralyzed face (in
German). Laryngorhinootologie 1998;77:576–581

47. Harii K, Asato H, Yoshimura K, et al. One-stage transfer of
the latissimus dorsi muscle for reanimation of a paralyzed face:
a new alternative. Plast Reconstr Surg 1998;102:941–951

48. Hata Y, Yano K, Matsuka K, et al. Treatment of chronic facial
palsy by transplantation of the neurovascularized free rectus
abdominis muscle. Plast Reconstr Surg 1990;86:1178–1187

49. Koshima I, Moriguchi T, Soeda S, et al. Free rectus femoris
muscle transfer for one-stage reconstruction of established
facial paralysis. Plast Reconstr Surg 1994;94:421–430

50. Koshima I, Umeda N, Handa T, Moriguchi T, Orita Y. A
double-muscle transfer using a divided rectus femoris muscle
for facial-paralysis reconstruction. J Reconstr Microsurg 1997;
13:157–162

51. Ashayeri M, Karimi H. One-stage reversed and rotated
gracilis muscle free flap for chronic facial palsy: a new
technique. Plast Reconstr Surg 2002;110:1298–1302

52. Wei W, Zuoliang Q, Xiaoxi L, et al. Free split and segmental
latissimus dorsi muscle transfer in one stage for facial
reanimation. Plast Reconstr Surg 1999;103:473–480

53. Wang W, Qi Z, Lin X, et al. Neurovascular musculus
obliquus internus abdominis flap free transfer for facial
reanimation in a single stage. Plast Reconstr Surg 2002;110:
1430–1440

54. Jobe RP. A technique for lid loading in the management of
the lagophthalmos of facial palsy. Plast Reconstr Surg 1974;
53:29–32

55. Manktelow RT. Use of the gold weight for lagophthalmos.
Oper Tech Plast Reconstr Surg 1999;6:157–158

56. Jiang H. Microneurovascular free abductor hallucis muscle
transplantation for resuscitation of facial paralysis in one stage
(in Chinese). Zhonghua Wai Ke Za Zhi 1992;30:420–422,
444

57. Dinces EA, Mauriello JA, Kwartler JA, Franklin M.
Complications of gold weight eyelid implants for treatment
of 5th and 7th nerve paralysis. Laryngoscope 1997;107:1617–
1622

58. Constantinides M, Galli SK, Miller PJ. Complications of
static facial suspensions with expanded polytetrafluoroethy-
lene (ePTFE). Laryngoscope 2001;111:2114–2121

59. Carruthers JD. Ophthalmologic use of botulinum A exotoxin.
Can J Ophthalmol 1985;20:135–141

60. Fagien S, Brandt FS. Primary and adjunctive use of botulinum
toxin type A (Botox) in facial aesthetic surgery: beyond the
glabella. Clin Plast Surg 2001;28:127–148

61. Guerrerosantos J. Long-term outcome of autologous fat tran-
splantation in aesthetic facial recontouring: sixteen years of
experience with 1936 cases. Clin Plast Surg 2000;27:515–543

62. Kesselring UK. Rejuvenation of the lips. Ann Plast Surg
1986;16:480–486

63. Burres SA. Lip augmentation with preserved fascia lata.
Dermatol Surg 1997;23:459–462

64. Singh S, Baker JL. Use of expanded polytetrafluoroethylene in
aesthetic surgery of the face. Clin Plast Surg 2000;27:579–593

THE SURGICAL MANAGEMENT OF FACIAL NERVE INJURY/ROVAK ET AL 29




