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Craniofacial microsomia (CFM) is one of the most common congenital conditions
treated in craniofacial centers worldwide. This condition is variably associated with
anomalies of the jaws, ears, facial soft tissue, orbits, and facial nerve function and can be
associated with extracranial anomalies. The cause of this condition is unknown, though
CFM has been associated withprenatalexposures and genetic abnormalities. Diagnosis,
treatment, and outcome assessment in CFM is challenging due to the wide phenotypic
spectrum observed in this condition. Surgical treatment requires a coordinated team
approach involving multiple specialties, which can include plastic surgery, craniofacial
surgery, orthognathic surgery, and microsurgery. A wide variety of surgical options
exist, and individual treatment plans should be based on the patient’s needs. Although
CFM can be challenging to treat, successful outcomes are rewarding. We provide a

Microsomia
(PAT-CFM)

Overview

Craniofacial microsomia (CFM) is estimated to occur in 1:3,000
to 1:5,000 live births'?; it is the most common congenital
disorder of the face after cleft lip and palate.>* CFM involves an
absence or underdevelopment of structures that arise from
the first and second pharyngeal arches,>® such as the mandible,
maxilla, ear, facial soft tissue and muscles, and the facial nerve.
These anomalies can result in alterations in the upper airway,
facial movement, speech, feeding, eye protection, hearing, and
aesthetic appearance. Given the complex nature of this condi-
tion, children with CFM are best cared for by a multidisciplinary
craniofacial team that can provide specialized, coordinated
treatment, which may include feeding therapy, speech therapy,
airway management, medical intervention, psychological sup-
port, ophthalmologic assessment, audiologic evaluation, or-
thognathic surgery, plastic surgery, craniofacial surgery, and
microsurgery.

Etiology

The cause of CFM remains unknown, but appears to involve a
disruption in the development of the first and second pharyn-
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review of the common craniofacial surgical treatments for individuals with CFM.

geal arches during the first 6 weeks of gestation. Poswillo
produced the CFM phenotype in mice by administering
teratogens that caused a hematoma of the stapedial artery and
the artery of the second arch and resulted in regional necrosis.”
The wide spectrum of resulting facial anomalies was felt, there-
fore, to be caused by the extent of tissue injury from this necrosis
and its ability to regenerate. More recent studies have demon-
strated an association between CFM occurrence and multiple
gestation, along with the following maternal risk factors: use of
vasoactive medications, second-trimester smoking, diabetes
mellitus, and use of assisted reproductive technology.®° In
addition, autosomal dominant and recessive transmission pat-
terns have been described in families with features of CEM'%~2
and a positive family history of 50% has been observed in a large
series of cases.'>'* A variety of genetic abnormalities have also
been described.’> '8 It is possible that etiologic heterogeneity
along with variability in penetrance and expression could ac-
count for the wide phenotypic spectrum seen in CFM.

Clinical Characteristics

Diagnostic criteria for CFM do not exist. The CFM diagnosis is
based on physical exam findings of hypoplasia, aplasia, or
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Figure 1 The phenotypic spectrum of craniofacial microsomia is displayed in these four patients who are affected unilaterally and bilaterally to

varying degrees.

malformation of the external ear, mandible, temporal bone,
zygoma, middle ear, facial musculature, facial nerve supply,
and other adjacent bony and soft tissues. As many as 55% of
patients with CFM also have extracranial anomalies, which
may include central nervous system (CNS), skeletal, cardiac,
lung, gastrointestinal, and kidney defects.'® Interestingly, the
presence of these extracranial manifestations may predict a
greater phenotypic severity of the facial features. Although
isolated branchial remnants are not considered part of the
CFM spectrum, whether or not “isolated” microtia represents
the mildest form of CFM or a distinct entity continues to be
debated? given the similar risk factors.’%?! Some clinician’s
prefer the term Goldenhar syndrome for patients with micro-
tia, facial asymmetry, epibulbar dermoids, and cervical spine
anomalies??

The wide phenotypic presentation associated with CFM
creates challenges for studies assessing etiology and treat-
ment outcomes. As seen in =Fig. 1, the phenotype may

Table 1 Pruzansky Classification System (1969)

involve the orbit or ear alone, or in combination with jaw
malformations. The anomalies may be unilateral or bilateral
and range in severity. Treatment plans must be tailored to the
individual and will vary significantly among patients, making
outcome comparisons challenging. For this reason, classifica-
tion systems can be used to standardize the phenotypic
assessment for clinical care and research.

Classification Systems

Pruzansky classified the patterns of deformity based on x-rays
of the mandible in individuals with CFM (~Table 1).23 Grade |
mandibles were small, but exhibited growth and the defor-
mity did not progress with time. Grade Il mandibles were
malformed with atypical growth, and the deformity wors-
ened with time. Kaban et al added a description of the
temporomandibular joint and deformity as seen on antero-
posterior and lateral cephalogram (~Table 2).242> The type II

Grade | Smaller than preserved normal side
Grade Il Condyle, ramus, and sigmoid notch identifiable, but grossly distorted in size and shape
Grade llI Grossly distorted ramus with loss of landmarks or agenesis

Pruzansky classification of the mandible deformity in hemifacial microsomia. (From Pruzansky S. Not all dwarfed mandibles are alike. Birth

Defects1969; 1:120-129.)
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Table 2 A Classification System Modified by Kaban et al to Capture the Craniofacial Microsomia-Related Mandibular Hypoplasia and
Temporomandibular Joint (TM]) Deformity Observed on Cephalograms

I Small mandible

A Short mandibular ramus of abnormal shape; glenoid fossa in satisfactory position
1B TM] abnormally placed inferiorly, medially and anteriorly

1] Absent TMJ

Kaban’s modification of the Pruzansky classification system. (From Kaban LB, Moses MH, Mulliken |B. Surgical correction of hemifacial microsomia in

the growing child. Plast Reconstr Surg 1988; 82:9-19.)

mandible was subdivided into two groups depending on the
position of the glenoid fossa (=Fig. 2). This was an important
distinction as they felt the type IIB mandibles required
surgical treatment of the TMJ] whereas the IIA mandibles
did not. These classification systems of the mandibular
anomalies associated with CFM are still frequently used,
along with newer systems that include features observed
on high-resolution three-dimensional computed tomogra-
phy (CT) scans.?® However, these classification schemata do
not include the additional craniofacial malformations associ-
ated with CFM.

Other classification systems focus on anomalies of the ear
and the mandible,?’~?° and some include additional features
such as the zygomatic arch and orbit.3® A grading system
similar to the TNM tumor system was created to describe the
variety and severity of features seen in CFM (~Fig. 3).>! The
most widely used system is the OMENS classification
scheme,? later modified to the OMENS+ to include extracra-

eIl A

Figure 2 Kaban’s modification of the Pruzansky classification system
of the mandible in craniofacial microsomia. (Reprinted with permis-
sion from Kaban LB, Moses MH, Mulliken JB. Surgical correction of
hemifacial microsomia in the growing child. Plast Reconstr Surg, 1988;
82(1):9-19.)

nial manifestations.'® The acronym stands for orbit, mandi-
ble, ear, nerve, and soft tissue; each feature is assigned a
severity score (=Table 3). More recently, a pictorial represen-
tation of the OMENS system was introduced? and later
modified3* to facilitate ease of use (=~Figs. 4A, 4B).

Surgical Treatment

Treatment approaches for individuals with CFM vary widely.
The clinical needs of patients with CFM depend entirely on
the type and severity of the facial abnormalities, the goals of
the patient and family, and the psychosocial support available
to the patient. A multidisciplinary team that offers the
breadth of specialties required and coordinates the treatment
into an optimal timeline for each patient is ideal. We present a
proposed timeline (~Fig. 5) as a general guideline to aid
practitioners in planning their procedures and help patients
and families understand the multiple interventions that may
be necessary during a child’s growth and development. It
should be emphasized that each patient requires an individ-
ualized treatment plan, tailored to his or her specific needs.

Surgical interventions are designed to restore the patient’s
craniofacial form and function and must account for the
expected facial growth pattern,®® timing of dental eruption,
schedules for school and extracurricular activities, along with
other psychosocial factors. For example, interventions such as
orthognathic surgery are likely most effective if postponed
until completion of facial growth. However, infants may
require timely treatment for any upper airway obstruction
with mandible distraction or tracheostomy. Communication
among team members is paramount to coordinate timing of
surgical interventions. We describe the common craniofacial
surgical procedures below.

Orbit

Procedures for the eye and orbit in CFM typically involve either
bony or soft tissue surgery. Infants require stimulation of the
visual cortex to avoid amblyopia and may require treatment of
epibulbar dermoids>®3’ in infancy if the visual axis is dis-
rupted. Eyelid colobomas may require repair to protect the
cornea and prevent exposure keratitis and blindness.

Orbital asymmetry in size and/or position (i.e., dystopia) is
corrected only if severe and typically is postponed until the
orbital growth is complete at around age 3 or 4 years.
Orbital repositioning is performed by a circumferential box

Seminars in Plastic Surgery  Vol. 26 No. 2/2012
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Figure 3 Treatment strategies for varying phenotypic severity in craniofacial microsomia based on the SAT staging system proposed by David
et al. (Reprinted with permission from David D), Mahatumarat C, Cooter RD. Hemifacial microsomia: a multisystem classification. Plast Reconstr

Surg 1987;80(4): 525-535.)

osteotomy performed through an intracranial approach. The
orbit is advanced and lowered or elevated, then fixated into a
symmetric position with the contralateral orbit. Orbital re-
positioning can be coordinated with cranial reconstruction if
necessary.

Mandible

Treatment of the mandible remains controversial. Each pa-
tient should have a tailored treatment plan based on his or
her needs, the morphology of his or her mandible and TM]J,
and the skills of the surgeon and orthodontist. Timing of
treatment, approach, and surgical technique differ among
centers. Some centers offer mandibular distraction in an
effort to avoid tracheostomy for infants with CFM and failure
to thrive due to a single-level airway obstruction at the
mandible. A comprehensive evaluation including monitoring
of weight gain, feeding, growth, and airway patency is
essential in this population.

Surgical intervention for a type I mandible is often post-
poned until skeletal growth is complete. In mild cases, the
occlusal relationship can be managed with orthodontics.
However, the mandibular asymmetry in more severe type [
cases can worsen during the growth phase of mixed dentition;
orthognathic surgery may be necessary to improve an occlusal
cant and facial symmetry. Cephalometrics and occlusal casts
can be used to assess the dentofacial relationship and deter-
mine whether the patient needs unilateral or bilateral man-
dibular advancement, or if bimaxillary surgery is warranted.

Costochondral Rib Graft
Treatment recommendations for the type Il mandible differ

based on distinction between the IIA and IIB subgroups as
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described by Kaban.’* The IIA subgroup requires vertical
lengthening of the mandible, typically with an osteotomy
and interposed bone graft, performed after skeletal maturity.
The IIB subgroup is classically treated with costochondral
bone graft of the ramus and condyle3® with reconstruction of
the glenoid fossa.

Treatment of the type Il mandible is similar to that of the
IIB mandible and involves reconstruction of the ramus and
condyle using a costochondral rib graft and glenoid fossa
reconstruction to create a functioning temporomandibular
joint. This operation is undertaken when the patient begins
to show an occlusal cant to the maxilla, which generally
correlates with dental eruption in children ages 2 to
5 years.?*

Although this approach is common, inadequacies of the
reconstruction and complications with the costochondral rib
graft and neo-TM] have been well described. A costochondral
graft can have unpredictable growth and resorption.3®=4!
Lack of regional soft tissue and decreased vascularity likely
contribute to the resorption of these grafts.*? Therefore,
microsurgical techniques using fibula osteocutaneous free
flaps for the treatment of the type Il mandible have been
introduced.*>#* Costochondral reconstruction has also been
associated with TM] ankylosis.?* However, this technique
does not address the soft tissue deficiency that is common
in CFM. Distraction osteogenesis of the mandible was intro-
duced in an attempt to address these deficiencies.

Mandibular Distraction Osteogenesis

Distraction osteogenesis was initially described by Ili-
zarov,*>%® then applied to the craniofacial skeleton by
Snyder*” and popularized by McCarthy.*®4° Mandibular dis-
traction osteogenesis (MDO) has some distinct advantages



Craniofacial Microsomia Birgfeld, Heike

Table 3 A Grading System to Capture the Presence and Severity of the Orbit, Mandible, Ear, Nerve, and Soft Tissue Anomalies

Commonly Associated with Craniofacial Microsomia*

Orbit
Op Normal orbital size and position
0, Abnormal orbital size
0, Abnormal orbital position (arrow up or down)
O3 Abnormal orbital size and position
Mandible
Mo Normal mandible
M, The mandible and glenoid fossa are small.
Msa Short ramus, glenoid fossa is in anatomically acceptable position
Mag Short ramus, TM] is inferiorly, medially and anteriorly displaced with hypoplastic condyle
Ms Complete absence of ramus, glenoid fossa and TM]
Ear
Eo Normal ear
Eq Mild hypoplasia & cupping, all structures present
E> Absence of external auditory canal with hypoplasia of concha
Es Malpositioned lobule with absent auricle, lobular remnant inferiorly and anteriorly displaced
Facial Nerve
Ng No facial nerve involvement
Ny Upper facial nerve involvement (temporal zygomatic)
N, Lower facial nerve involvement (buccal, mandibular, cervical)
N3 All branches of facial nerve affected
Soft Tissue
So No obvious soft tissue or muscle deficiency
S Minimal subcutaneous/muscle deficiency
S> Moderate-between the two extremes S; and Ss
S3 Severe soft tissue deficiency due to subcutaneous and muscular hypoplasia

TMJ, temporomandibular joint

“The 0.M.E.N.S. Classification System for quantifying the deformity of the orbit, mandible, ear, nerve, and soft tissue in hemifacial microsomia. (From
Vento RA, LaBrie RA, Mulliken |B. The O.M.E.N.S. classification of hemifacial microsomia. Cleft Palate-Craniofacial Journal 1991; 28:68-76.)

over costochondral grafting. MDO increases the vertical
length of the mandible,”® produces greater bone stock,’'+>2
improves soft tissue asymmetry,>>>* and has less relapse.>>-®
Other benefits include shorter operative times, less blood
loss,> greater vector control of advancement,”’~° and the
ability to lengthen the mandible at a younger age as bone
grafts are not always necessary.>> MDO can be used to treat
type Ila and IIb mandibles, and combined with a bone graft for
treatment of type Il mandibles. The MDO procedure requires
selection of (1) a vector orientation, (2) the type of device, and
(3) an internal or external approach.

The vector of advancement should be based on the man-
dibular shape.?® A vertical vector is often adequate for the
short ramus associated with the Ila mandible, while the IIb
mandible often requires a more obliquely oriented vector to
treat the vertical and horizontal ramal deficiency. The sur-
geon first assesses the TMJ,61 then plans a vector orientation
that will lengthen the ramus, upright the condyle,® and
create a gonial angle.>®%3

Both single and multivector external devices and semi-
buried internal devices are available (~Fig. 6); each has
unique benefits and deficiencies. External devices allow
greater freedom to mold the regenerate® by changing the
vector of distraction after the osteotomy is made. Additional-
ly, pin placement requires little bone stock, which allows for
accurate placement of the devices in hypoplastic mandibles
and with minimal disruption of the periosteum. However, the
external devices create unsightly scars, dislodge easily, sig-
nificantly alter the patient’s appearance during MDO, and are
prone to pin site infections (=Fig. 7). Internal devices can be
multivector, are less visible, create less scarring, and are less
prone to trauma and infection.®® Greater preoperative plan-
ning is necessary, however, because the vector cannot be
altered once the device is positioned. They also require an
additional surgery to remove unless a resorbable system is
selected.%6-67

In the type IIl mandible, a bone graft is first required to
create sufficient ramal bone stock for distraction (~Fig. 8).

Seminars in Plastic Surgery  Vol. 26 No. 2/2012
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Figure 4 (A) Global assessment of phenotypic severity as documented using the Phenotypic Assessment Tool-Craniofacial Microsomia
(PAT-CFM). (Reprinted with permission from Birgfeld CB et al. A phenotypic assessment tool for craniofacial microsomia. Plast Reconstr Surg 2011;
127(1):313-320.) (B) Detailed assessment of phenotypic severity as documented using the PAT-CFM. (Reprinted with permission from Birgfeld CB
et al. A phenotypic assessment tool for craniofacial microsomia. Plast Reconstr Surg 2011; 127(1): 313-320.)

Whether a fibula free flap, a costochondral graft or a costal
graft is used, the bone is first fixated to the remnant angle or
body, then once healed, the distraction can be performed.
This may allow preservation of the molar tooth bud, although
some surgeons prefer to sacrifice this tooth bud prior to
distraction to prevent cyst formation or ankylosis.®® Although
the graft can be distracted,*6%7% it is our preference to
distract the native mandible whenever possible and use the
grafted area to secure the footplates of the distraction device.

Coordination between the surgeon and the orthodontist is
critical. Distraction techniques create an open bite once the
mandible is lengthened. To prevent relapse, this open bite
must be maintained until the maxillary dentition can be
brought down to create a stable occlusion. This occurs quickly
in children age 4 to 6 years and may require little manage-
ment. During mixed dentition, however, the open bite is often
managed through occlusal splints or tooth borne or bone-
anchored orthodontics. The maxilla may require concomitant
movement with the mandible using bimaxillary distraction
after skeletal maturity.”’

Ear

The ear anomalies associated with CFM can be categorized into
external ear malformations (e.g., microtia), middle ear malfor-

Seminars in Plastic Surgery  Vol. 26 No. 2/2012

mations and atresia, and the presence of branchial remnants
and sinus tracts. Although the presence of branchial remnantsin
isolation is generally not considered part of the CFM spectrum,
the existence of isolated microtia is often considered a compo-
nent of CFM>® as the risk factors and affected tissues are
similar.2>?! The severity of the external ear deformity may
predict the degree of middle ear involvement.?%*° Multiple
classification systems have been developed to characterize the
external ear anomalies,/>”’° and the OMENS classification
system incorporates the system of Marx and Meurman.3?

Surgical treatment of the E; ear (i.e., mild hypoplasia and
cupping with all structures present) involves reshaping ex-
isting cartilage. Recreation of the normal folds of the upper
ear can be accomplished through Stenstrom rasps, scoring or
weakening the cartilage with a burr with or without suture
stabilization. A contralateral otoplasty may also be neces-
sary.80 In the E, ear (i.e., absence of the external auditory
canal with variable hypoplasia of the concha) and the E5 ear
(i.e., malpositioned lobule with absent auricle) the remnant
cartilage is often discarded and a new framework is made of
alloplast or autograft.

Various materials have been used for alloplastic ear recon-
struction with mixed results.3'~83 Porous polyethylene’s inert
nature and pore size provides the best safety profile and
allows for some tissue ingrowth. It is available in two
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Figure 4 (B) Continued.

prefabricated constructs of various sizes, which can be
matched to the contralateral ear, secured, and covered with
a temporoparietal fascia flap followed by a skin graft. Benefits
include rigidity of construct, lack of donor site morbidity, and
the ability to reconstruct younger, smaller patients.
Criticisms include extrusion®> and infection, though some
report none of these problems.?*

Autologous reconstruction requires a multistaged ap-
proach to (1) harvest the costal cartilage grafts and carve a
framework, (2) place the graft, (3) transpose the lobule, and
(4) create a postauricular sulcus.”>~7885-89 Burt Brent de-
scribed a four-stage approach,72 which has been modified to
three stages using costal cartilage grafts from the synchond-
rosis of ribs 6 and 7 and the cartilage of rib 8.3° Stage I is
performed after age 6 years when the ear has reached 85% of
its adult size®® and adequate cartilage is available. A template
is traced from the contralateral ear and a pocket is dissected
to place the framework in harmony with facial features and
symmetrically with the opposite ear. Remnant cartilage is
discarded. Stage 2 involves lobule transposition and the
surgeon creates a postauricular sulcus with scalp advance-
ment and use of a skin graft in Stage 3.

The Nagata technique involves a two-stage approach.”>~781
Patients are not generally treated until age 10 years and chest
circumference of at least 60 cm to ensure adequate cartilage is

present for an adult-sized construct. Cartilage from ribs 6,7,8,
and 9 are harvested in the subperichondrial plane to allow
regrowth and minimize donor-site deformity (~Fig. 9).In Stage
1, a three-dimensional construct is carved, placed, and the
lobule is then transposed (=Fig. 10). In stage 2, the construct
is elevated using a cartilage graft wrapped in temporoparietal
fascia (=Fig. 11). This is generally covered with a split skin graft
taken from the scalp.

Each technique has its strengths and weaknesses. The
surgeon and the family must determine the approach that
will provide the most natural appearing, symmetric, prob-
lem-free, long-term result for the patient.

Nerve

The facial nerve can be affected in CFM to varying degrees. The
OMENS classification categorizes loss of nerve function into
upper (N7), lower (N7,), and total (N’3). The hypoglossal
(N'2) and trigeminal (N°) nerves can also be affected. When
the physician identifies facial nerve palsy, she must first
determine whether the patient can protect and lubricate
his cornea. If not, eye drops, lubricant, or a surgical procedure
such as a tarsorrhaphy or gold weight with eyelid tendon sling
should be considered. Exposure keratitis of the cornea can
lead to permanent blindness.
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Timeline of Medical and Surgical Management for Individuals with Craniofacial Microsomia

The Preschool
iod

Infancy

Transition to
Toddlerhood
—

rSer o

Early School

Late School

The Teenage |
Years

ransition to
Adulthood

2

B 0-12 months EEEE 12-35 months SN 3-5 years NI 6-5 years EEEEN S-12 years EENE 13-15 yoars mE—17-21 years*-

Obtain: -Hearing evaluation  -Hearing evalualicn®  -Hearing evaluation®  -Hearing evaluation®  -Hearing evaluation® -Hearing evaluation®  -Hearing evaluation
-Renal ulirasound -Cervical spine films ~ -CT if aural atrasia -Drihadontic records -Orthodontic records
~Drthodontic reconds
. -Respiralory slahss -Respiratory status Dbstructive sleep -Dbsiructive sleep -Obstructive sleep -Obsiruciive sleep -Obstructive sleep
Evaluate: ~Feeding & growth -Feading & growth sympltams sSymploms symptoms symploms symptoms
-Dther anomalies -Othar anomalies ~Mulrition -Growth -Growth -0l ushon -Oecclusion
-Facial symmedry -Development -Davelopmant -Declusion -Psychosocial -Psychosocial
-Palatal function -Facial syrmetry -Facial symmetry -Paychosocial wisl-paing well-being
-Oral haalth -Epeach -Spesch well-being -Oral haalth -Qral healh
~Cval hesaith -Ciral health -{ral health
Discuss: -CFM diagnosis -Short and long- -Treatmeni cplions  -Treatment cptions -Treatment options ~Treatment ophons ~Teens treatment goals
*  -Short and long- term plan -Preparation for pre-  -Child and family's -Child and family's -Teens treatment goals -Final ireaiment plan
ferm plan -Adjusimant io school, kindergarten  treatment freatmant goals -Sell-esteem, concemns -Seif-estesm, concems
-Adjustment 1o condition -Barriers to care -Salf-esteem, concems  -Sedf-esieem, concerns  -Barriers 1o cans -Barmiers to cane
condition -Hearing slatus -Communication -Barriers to care -Barriers lo care -School accomedations -Transition 1o adult care
-Hearing status -Barriers to care -importance of good  -School accomodations  -School accomadations o hearing loss®
-Barriers to care aral hygiens far hearing loss® for heaning loss*
Provide: -Reassurance -Reassurance -Infarmation on -Infarmation on -Information on =Infarmation on -Resource Information
g -Resource -Support resources & resources & resources & resources & -Paychosocial suppont
infarmation TRSOICRE schoal support schoal support school support school support -Genetics refamral to
-Genetics referral -Early intervention -Orthopedics -Psychosocial support  -Payehosoclal suppart -Psychosocial support  discuss recurrence risks
-Echocardiogram® services® referral* -Assistance with -Agsigtance with -Agsistance with - transfer summary of
-Ophthalmology -Early intervantion surgical dectslon- sargical decision- surgical decision- care provided
referral® SErVicEs® making making making -Referrals for edult cars
[Tommon -Ear & facial tag -Tympanostomy tubes  -Tympanostomy tubes  -Ear reconstruction -Fat grafiing -Ear reconstruction -Jaw surgary
surgerles™: removal sUngETy -Eyelid surgery or prosthesks -Alrway procedures. or prosihesis -Fat grafting
-Oral cheft repair -Oral claft repair -Oral cleft rapair -Aural atresia repair -Jaw surgery -Microgurgery
-Tympanocstomy tubes -Airway procedures -Aireay procedures. -Consider early jaw -Fat grafiing -Solt lissue
-Airway procedures surgery “Rhinaplasty augmentation
Consider: Agenstics evaluation A history suggestive of  Evaluations with an Coordinalion between  Communication Consider final saft Final arthadontic
can aid in assessment  ainway compromise audialogist and ENT treatment for micro- Betwesn the team lisgue sugmemtation treaiments and jaw
of the differential {e.g. sleep apnea are critical to maximize  tia with orthognathic and [ocal dental & after skeletal deficen-  Bungeries often ocour at
diagnoses, which may  andior poar growth) hearing & surgery is critical in orthodontic providers  cies have baen cor- fime when it interrupts
include: CHARGE, FEGQUINES an aifway communication. order lo optimize long- i criticial for efficient reched, Assurance that  social, athletic, and
Townes-Brocks, Bran-  evaluation with an ENT term resulls for jaw and  onhodontic reatment  the teen has realistic academic activilies.
chio-oto-renal Nager,  and consideration of @ Parents may find this ear placement. This with an infegrated plan. &xpectations during the Acknowledgement of
Miller, and Treaches-  sleep study. Obsiruc-  period challenging may require postponing pre-surgical planning  this fact and commami-
Colling syndrormes. tive symptoms vary and may be anxious 10 ear reconstruction for phasa is essential for  cation with the patent
with age and should be  procesd with treatments  children with significant oplimization of patient % critical to achieving
evalused regularly, prior o the ideal faw asyrrimedry, satisiaction, an optimal oulcarms

* When indicated

“*Though these are common cramiofacial surgeries in CFM, not all children will reguire every proscdure

Figure 5 Timeline for treatment of patients with craniofacial microsomia from birth through adulthood as proposed by members of the

Craniofacial Center at Seattle Children’s Hospital.

Figure 6 Example of a semiburied internal distractor device.

A facial reanimation procedure should be considered for a
patient who cannot move his or her mouth due to deficiencies
of the buccal and marginal mandibular branches. Nerve
transfer procedures are not effective because there are no
motor endplates to reinnervate. Rather, a functioning muscle
must be transferred. The temporalis muscle can be detached
from the coronoid and advanced to the commissure®” or
flipped over with a fascial extension to provide movement
of the lateral mouth (~Fig. 12).>> Benefits of this approach
include ease of surgery, ease of recovery, and reliability of
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Figure 7 Example of external multivector distraction devices in situ.

establishing movement. Criticisms include weak strength of
pull, limitations on vector of pull, and the need to activate
cranial nerve V to stimulate a smile.

Facial reanimation can also be accomplished using a two-
stage approach with a cross-face nerve graft and muscle free
flap. In the first stage, a sural nerve graft is harvested and
attached to the cut end of a redundant buccal branch on the
functioning side. The graft is then passed to the upper lip where
it sits until axonal ingrowth has occurred (~6 months at a rate of
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Figure 8 Clinical example of bone graft augmentation of deficient mandible angle in preparation for distraction osteogenesis in patient with

Pruzansky type 3 mandible.

Figure 9 Clinical example of costal cartilage harvested for autologous
external ear reconstruction using the Nagata technique.

1 mmy/d). In stage 2, the nerve is biopsied to confirm the
presence of myelin; then a muscle free flap is harvested and
brought to the face (=Fig. 13). The muscle is attached to the
(1) commissure, (2) upper lip, (3) lower lip, and (4) the zygomatic
arch in a direction that mimics the smile vector on the contra-
lateral side (=Fig. 14). Microscopic anastomosis of the vein,
artery, and nerve are then performed.** This approach allows for
creation of a spontaneous smile in a vector more closely resem-
bling the unaffected side. Drawbacks include length of surgery,
recovery time, and need for microsurgical skills.

The timing of reanimation surgery must be based on the
patient’s needs and planned around other surgical interven-

Figure 10 Clinical example of autologous external ear reconstruction
in type 3 microtia using the Nagata technique.

tions. It is preferable to perform microtia reconstruction and
major craniofacial and/or orthognathic surgery prior to un-
dertaking facial reanimation surgery.

Soft Tissue

Soft tissue deficiency in CFM can be associated with orofacial
clefting, deficiency of musculature, and/or a lack of subcuta-
neous fat and skin. Clefts of the lip and/or commissure
(Tessier VII clefts) are typically repaired in infancy to
increase feeding efficiency. Other soft tissue deficiencies
may become apparent with growth of the maxilla, mandible,
and masticatory muscles. The reconstructive techniques de-
scribed below can be used for a patient with a soft tissue
deficiency in isolation or with underlying bony asymmetry.
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Figure 11 Clinical example of temporoparietal fascia flap for eleva-
tion of construct and creation of post-auricular sulcus in second stage
autologous external ear reconstruction using the Nagata technique.

Figure 12 Clinical example of minitemporalis flap for facial
reanimation.

Free Flap

An adipofascial free flap is the best way to provide a large
amount of soft tissue in a single surgical procedure for
patients with severe deficiencies.”>° Free flap selection
includes scapula, parascapular,”’ groin,?®?® omentum,'??
anterolateral thigh (ALT),'! and deep inferior epigastric
perforator (DIEP) among others. Because adipofascial free
flap transfer can provide such augmentation, it may be
necessary to follow this with a debulking procedure.'® Other

Seminars in Plastic Surgery  Vol. 26 No. 2/2012

Figure 13 Example of a partial gracilis muscle free flap harvested in
preparation for transfer to the face in a facial reanimation procedure.

Figure 14 Example of gracilis muscle free flap in situ demonstrating
vector of pull and resting tension applied once muscle flap is inset.

drawbacks include donor-site morbidity and scarring, length
of procedure, and the need for microsurgical skills. This
approach is generally performed after the skeletal anomalies
of CFM have been corrected.

Dermal Fat Graft
Soft tissue augmentation with dermal fat grafts is another,
well proven technique. Dermal fat grafts can provide



adequate bulk in moderate and mild deformities, but are
prone to some degree of resorption and patients may require
additional augmentations.'%? Donor site morbidity and scar-
ring are also risks, and the selected donor site should not be
constrained by vascular anatomy or angiosomes to make it
easier to conceal scars.

Structural Fat Graft

Structural fat grafts have revolutionized the way many con-
ditions are treated, including CFM. This technique requires
(1) fat harvest from the abdomen, flanks, thighs, or buttocks;
(2) purification, and then (3) injection of small aliquots
(<0.1cc) in multiple planes within the areas of facial defi-
ciency. The benefits of a microfat injection are precision of
delivery, minimal scarring, and minimal donor-site morbidi-
ty. Additionally, the small aliquots do not disrupt the con-
necting ligaments of the face, so the fat is less likely to droop
or disrupt normal facial movement. Some report improve-
ment in the texture and appearance of the overlying skin. The
downside of this technique is resorption. One can expect 30 to
80% of the injected fat to resorb depending on location. This
necessitates multiple fat graft sessions. Our preference is to
coordinate these treatments with other procedures through-
out childhood to minimize recovery and provide improve-
ment in facial symmetry during the developmental years of
school age and adolescence.

Conclusion

Craniofacial microsomia includes a wide spectrum of anom-
alies that involve structures of the head and face. Individual
treatment plans are based on the patients’ needs with con-
sideration to airway, feeding, growth, hearing, speech, devel-
opment, and quality of life. Communication and care
coordination are required to provide patients with CFM
timely care with optimal long-term results. The multidisci-
plinary craniofacial team is uniquely qualified to provide such
care.
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