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Midface reconstruction has been a consistent challenge for
reconstructive surgeons evenwith the significant advances in
technology and technique over the recent years.1 The dynamic
functional and aesthetic features of the midface combined
with its diverse anatomic regions, which include the sinonasal
cavities,maxilla, orbit, nose, anterior skull base, and facial skin,
require the surgeon to employ innovative solutions to restore
the patient’s form and function. Many times, the midface
defect being reconstructed includes more than one of the
above-mentioned anatomical regions. A meticulous preoper-
ative assessment of the patient is required to properly assess
the defect or anticipated defect, determine proper reconstruc-

tive surgical plan, and discuss expected functional and
aesthetic outcomes with the patient. For years we have
employed local flaps, regional flaps, obturators, alloplastic
implants, free flaps, or a combination of the previously men-
tioned techniques to address complexmidface reconstruction.
Most recently, the use of facial vascularized composite
allograft (VCA) organ transplants have been used to address
some of the shortcomings of our conventional midface recon-
structive techniques.However, VCAhas disadvantages, includ-
ing lifelong immunosuppression, cost, and limited number of
medical centers, which limits its application to the general
population. The introduction of virtual surgical planning for
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Abstract Midface reconstruction has been a consistent challenge for reconstructive surgeons
even with the significant advances in technology and technique achieved over the
recent years. A meticulous preoperative assessment of the patient is required to
properly assess the defect or anticipated defect, determine proper reconstructive
surgical plan, and discuss expected functional and aesthetic outcomes with the
patient. For years we have employed local flaps, regional flaps, obturators, alloplastic
implants, free flaps, or a combination of the previously mentioned techniques to
address complex midface reconstruction. Free flap reconstruction in the midface
requires special considerations for the pedicle, flap selection, and flap design to ensure
an optimal outcome. The introduction of virtual surgical planning for reconstruction
has enhanced patient outcomes to include advances in immediate dental rehabilitation
at the time of free flap surgery. Postoperative considerations including quality of life,
functional and aesthetic outcomes, and management of complications will also be
discussed.
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midface free flap reconstruction has enhanced patient out-
comes leading to more accurate reconstructive surgery with
shorter operative time.1 In addition, this planning has facili-
tateddental restoration–drivenmidface reconstruction allow-
ing immediatedental rehabilitation for indicatedpatients. This
furtheroptimizes thepatient’spostoperativequalityof life and
their functional and aesthetic surgical outcomes.

Preoperative Assessment

Thorough and meticulous assessment of any midface defect
is crucial to the development of an appropriate and success-
ful management plan. There are numerous classification
systems that have been proposed describing defects in the
maxilla and surrounding structures; no classification
scheme is ideal, however, and there is no most commonly
used system.2–4 Most important to achieving a successful
outcome is a thorough preoperative evaluation of both
functional and aesthetic deficits, and then devising a treat-
ment plan to fully address all concerns. Defects of the
midface commonly also affect the orbit, oral cavity, nasal
cavity, and external nose, and can extend intracranially as
well. Successful reconstruction addresses surrounding
tissues and structures in addition to the midface alone.

Broadly, the primary goals of midface reconstruction are
twofold: to restore any functional deficits and to restore aes-
thetic abnormalities. Some advocate taking a functional
approach, that is, evaluation identifying defect-related chal-
lenges and functional deficits as a guide to understanding
wounds and, subsequently, successfully reconstructing them.5

The idea in this approach is that successful restoration of
function will, by default, also acceptably restore aesthetics,
whereas a focus on restoring primarily how a person looks
maynot yieldacceptablefunction.Otherapproaches list specific
goals a surgeon should consider in turn and suggest that
midface reconstruction should include closure of any midface
wounds, obliteration of maxillary defects, support of the orbit,
restoration of barriers between the nasal cavity and anterior
cranial fossa and between the nasal and oral cavities, and
restoration of facial shape.6 In addition to supporting theorbital
floor, there may be situations in which orbital exenteration is
necessary, and the reconstructive plan must then address

obliteration of the orbital cavity in addition to possible wear
of a prosthesis.7 Also, surgeons should consider in their
initial reconstructive plan whether patients will seek dental
rehabilitation either via conventional means or with an
implant-supported prosthesis. It can be difficult to revise a
reconstruction secondarily to allow for dental rehabilitation
when it was not planned for initially.

Preoperative imaging can aid the full evaluation of a defect
and improve operative planning. The ability to virtuallymanip-
ulate patient tissues and plan highly accurate patient-specific
cutting guides and implants has significantly driven improve-
ment in surgical outcomes after midface reconstruction.8

Functional Assessment
There are many functional areas to be evaluated before
devising a reconstructive plan. First, one should note deficits
in the maxilla and dentition. To this end, there are numerous
classification systems that have been described.9,10None are
ideal, however, and in general they are more important to
facilitating effective communication and comparison of out-
comes rather than guiding reconstruction. One of the most
commonly used classification systems is the one described
by Brown and Shaw.9 They separate defects of the palate into
vertical and horizontal categories. For horizontal defects,
they describe four different subcategories based on whether
they include only a posterior, central defect; lateral alveolar
defect; bilateral anterior alveolar defect; or a hemipalatal
defect that extends beyond midline. Vertically, their system
recognizes six different categories: alveolar-only defects,
hemimaxillary defects that do not involve the orbital floor,
hemimaxillary defects that extend to the anterior orbital
floor, hemimaxillary defects that involve the entire orbital
floor, maxillary defects without alveolar involvement but
with orbital involvement, and central defects of the pyriform
aperture. In contrast, the classification system designed by
Cordeiro and Santamaria is different from that designed by
Brown and Shaw and is not constituted in a vertical or
horizontal dimension. Both classification systems are com-
pared in ►Table 1.9,10

Next, the orbital position and visual acuity should be
assessed. Examination should include assessments of ocular
movement, evaluation for diplopia, and hypoglobus. An

Table 1 Common classification systems for midface defects

Cordeiro and Santamaria10 Brown and Shaw (Vertical defect)9 Brown and Shaw (horizontal defect)9

I—Limited maxillectomy I—Maxillectomy not causing
oronasal fistula

a—Palatal defect only, no alveolar component

II—Subtotal maxillectomy II—Maxillectomy not involving the orbit b—Less than or equal to ½ the unilateral
palate and alveolus

IIIa—Total maxillectomy
with preservation of
the orbital contents

III—Maxillectomy involving the
orbital adnexa with orbital retention

c—Less than or equal to ½ bilateral
or transverse anterior

IIIb—Total maxillectomy
with orbital exenteration

IV—Maxillectomy with orbital
exenteration or enucleation

d—Greater than ½ of maxilla

IV—Orbitomaxillectomy V—Orbitomaxillectomy

VI—Nasomaxillary defect
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enophthalmometer can aid in objectively defining deficits in
orbital projection. Also, the nose should be examined for
nasal breathing and maintenance of drainage from all
sinuses. Obstruction of sinus drainage pathways will
inevitably lead to mucocele formation, infection, and other
complications if the passageway is not either reopened or the
sinus obliterated with all mucus-producing mucosa
removed. Finally, the skull base should be evaluated and
any leakage of cerebrospinal fluid (CSF) identified. Many
traumatic CSF leaks will resolve on their own with conser-
vative measures, but some will require lumbar drain place-
ment or operative repair.

Aesthetic Assessment
The best way to assess the aesthetic changes from midface
defects is to compare current patient photos to preinjury
photos. However, there are also some “ideal”midface relation-
ships the surgeon can keep in mind. Midface width and
projectionshouldbeassessed in thecoronal andsagittal views,
respectfully. Ideally, the space between the nasal alar bases
approximates the distance between the medial canthi of the
orbit and is equal to the intercanthal distance oneach side. The
upper lip should project 1 to 2mm beyond the lower lip, and
the subnasale, a point at thebase of the columella, should be in
line with the projection of the chin, the pogonion, with the
patient’s head in Frankfort Horizontal position. Male noses
shouldhave a straightdorsumwitha slight supratipbreak, and
they should have less than a 95-degree tip rotation. Female
noses, however, can tolerate a greater supratip break, though a
true scoop to the dorsum should be avoided. Female nasal tips
are ideally rotated 100 to 115 degrees.

Reconstructive Surgical Treatment Planning

Local and Regional Flaps
For years, local and regional flaps have been used for head and
neck reconstruction. However, for midface reconstruction,
especially for large or composite defects, their application as
a single reconstructive technique is limited. Local flaps are
composed of skin and subcutaneous tissues and are limited by
their mobility, size, and thin tissue bulk to properly recon-
struct midface defects. Many times, local adjacent tissue
transfers are used as an adjunct to regional or free flap
reconstruction to optimize the reconstructive outcome.

Regional flaps continue to be workhorse flaps for many
head and neck defects. However, these flaps have limitations
in the reconstruction of complex midface defects. They do
provide greater bulk to obliterate dead space but are limited
in their arc of rotation and most commonly, they do not
provide any bony substructure for midface projection. The
palatal rotation, temporalis, temporoparietal fascia, and
pectoralis major flap have all been well used for oral cavity
reconstruction of the midface. Other regional flaps to be
considered in midface reconstruction are the pericranial
flap, paramedian forehead flap, facial artery myomucosal
flap, and buccal artery myomucosal flap.

There are several advantages of regional flaps for head and
neck reconstruction. They include relative ease of harvest,

shorter operative time and decreased cost when compared
with free flaps, low donor-site morbidity, possible primary
closure of donor site, and no intensive care unit postoperative
monitoring.11,12Many propose that the use of regionalflaps for
head and neck reconstruction for the appropriate patient
provides greater value to the patient by increasing the quality
outcomes while lowering the resources required for the
reconstruction.

However, there are limitations of regional flap in the
reconstruction of the midface as a single reconstructive tech-
nique. Numerous regional flaps are only fasciocutaneous,
musculocutaneous,ormuscular. Theyusuallyhavevery limited
hard tissue and vary widely. This limits their application to the
large or composite midface defect. Other limitations
include poor color and texturematch, restricted arc of rotation,
poor contour reconstruction due to bulk of flap, and distal tip
necrosis of theflap. Regionalflaps in conjunctionwith freeflap
reconstruction of complex, composite midface defects can be
very successful and must be a part of the reconstructive
surgeon’s armamentarium.

Obturator and Facial Prosthetics
For select midface defects including the palate and/or dentate
regionsof themaxilla, reconstructionwith anobturator canbe
effective. Case selection is extremely important with premax-
illaryandunilateral posteriordefectsbeingmost favorable due
to favorable retention of the prosthesis to the remaining
dentition (►Fig. 1).13 Recreating the concave palatal recon-
structionwith soft-tissue flaps can be technically challenging,
especially if the lateral portion of the defect includes some or
all of the buccal mucosa and an obturator can be a great
reconstructive option.14 The advantages of obturators have
been well described and include shorter operating time,
proper midface support, immediate dental reconstruction
and function, and no morbidity of second surgical site.3

Advocates for palatomaxillary reconstructionwith an obtura-
tor often cite that surveillance for the patient’s malignancy is
easier with an obturator due to its removable nature and ease
to view the defect site. However, Yetzer and colleagues noted
that no clinical evidence has ever been demonstrated on the
earlier identification of recurrence in patients with obturator
as compared with patients reconstructed with free flaps.8

Another advantage of an obturator is the relatively low
cost when compared with free flap reconstructive surgery.
However, for many patients, free flap reconstruction is
covered by their insurance, and the temporary or permanent
obturatoris is rarely covered. Therefore, the out-of-pocket
cost for an obturator is much higher than free flap recon-
struction for these patients.

The palatal defect and the retained dentition should guide
the use of an obturator for reconstruction. Unlike unilateral
posterior palatomaxillectomy defects, unilateral hemipalato-
maxillectomy defects are difficult to obturate because of the
greater cantilever forces acting on the prosthesis, which must
rely on less dentition for retention.13 In addition, patientswith
defects involving more than a third of the soft palate or more
than a fourth of the hard palate have poorer outcomes with
obturators than those with smaller defects.15
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Other disadvantages of obturator reconstruction include
the need formultiple alterations to achieve appropriatefit and
contour, need for significant manual dexterity from patients,
poor retention in edentulous patients, and need for daily
maintenance. In addition, obturators are not appropriate for
the reconstruction of the skull base, orbital floor, or soft tissue
of the face.16 Although some orbitomaxillary defects can have
good initial outcomes with obturator rehabilitation, they can
later develop persistent crusting and pain with the need for
obturator revisions, which can be cumbersome.8

Last, adjunctive procedures may be required to properly
deliver an obturator. These include inferior turbinectomy to
increase clearance of obturator, coronoidectomy to prevent
displacement of the obturator with mandibular motion, and,
at times, placement of a skin graft underlying the obturator
to enhance soft tissue. In conclusion, patients with smaller
defects that do not involve the skull base, orbit, or facial skin
and patientswith good dexteritywithout visual impairment,
without trismus, and who do not require postoperative
radiation may be best suited for midface reconstruction
with an obturator.3

For centers with access to an anaplastologist or maxillo-
facial prosthodontist, the use of facial prosthetics formidface
reconstruction can be extremely successful and can save the
patient from numerous additional surgical procedures with
associated morbidity. Maxillofacial prostheses, especially
those supported by endosseous implants, are regarded as a

viable, secure treatment for the reconstruction of facial
defects to restore quality of life. Implant-retained prostheses
have advantages over adhesive-retained prostheses in terms
of ease of handling. However, improvements in prosthetic
material properties, including color stability and durability,
are needed to increase the longevity of facial prostheses.17

Free Flap Midface Reconstruction

For large or composite midface defects, free flap reconstruc-
tion has become the gold standard. When considering which
flap or flaps you will use to reconstruct the defect, you first
need to understand the tissue types associated with the
defect (muscle, skin, bone, etc.). This defect analysis must
be paired with patient’s desires and available donor sites
before determining a final reconstructive plan.

Fasciocutaneous and Myocutaneous Free Flap Midface
Reconstruction
Soft-tissue free flaps are commonly used in midface recon-
struction, even when the maxilla and other bony structures
maybepartof thepatient’sdefect.Wheninvestigatingmidface
freeflap reconstruction outcomes, Hanasono et al determined
there was no significant difference in the proportion of
patients experiencing a perioperative complication between
patients undergoing soft-tissue free flap reconstruction and
patients undergoing bony free flap reconstruction (36.0 vs.

Fig. 1 A 38-year-old female who presented to our clinic with a right maxillary spindle cell sarcoma who was planned for a maxillectomy with obturator
reconstruction. (A) Expansile lesion of the right maxilla extending to the patient’s midline and soft palate consistent with the previously diagnosed spindle
cell sarcoma. (B) Maxillectomy specimen that later returnedwith negativemargins on final pathology. (C) Resultingmaxillectomydefect to include the right
hemimaxilla and nasal floor with preservation of the orbital floor. (D) Maxillary obturator fabricated preoperatively using left remaining dentition for
retention and support. (E)Maxillary obturator fixated to the left nativemaxillawith a single positional screwafter the obturator was relinedand right inferior
turbinectomy was completed. (F) Obturator delivery immediately postoperatively.
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43.5%, respectively; p>0.35).18 Therefore, defects of the mid-
face can be reconstructed successfully with soft-tissue and
bony free flaps.

Workhorse soft-tissue free flaps used to reconstruct the
midface include the anterolateral thigh (ALT), radial forearm,
latissimus dorsi muscle, and the rectus abdominus muscle. A
comparison between the flaps and their advantages and
disadvantages are illustrated in ►Table 2.

The ALT free flap is the only perforator free flap noted in
our review. Perforator free flaps allow surgeons to harvest
large areas of skin and subcutaneous tissue, supplied by
vessels perforating the underlying muscle, without harvest-
ing denervated muscle. In so doing, surgeons can minimize
postoperative pain, muscle weakness, and the risk of hernia
formation after muscle harvest. Surgeons can also better
predictflap bulk by not includingdenervatedmuscle in aflap
that will significantly atrophy over time.19 The ALT flap has
proven to be a versatile flap for numerous midface defects. It
can provide the needed bulk to obliterate themaxillary sinus
and you can develop multiple skin paddles to resurface
intraoral and facial defects with a single flap. The vascular
anatomy can be quite varying. Knowledge of these variations
and meticulous dissection must be performed to ensure
viability of the flap. Finally, although often quoted as having
a short pedicle length, numerous times, we have harvested
greater than 10 cm of pedicle length. ►Fig. 2 highlights the
use of the ALT flap in our practice.

The radial forearm free flap is an optimal flap when thin,
pliable soft tissue is needed for midface reconstruction. In
addition, you can harvest a portion of the radius bone to form
an osteocutaneous free flap for premaxilla reconstruction. A
major advantage of this flap is the ability to harvest the
cephalic vein in addition to the venae comitans associated
with the radial artery to ensure optimal flap outflow.►Fig. 3

highlights the use of the radial forearm freeflap formaxillary
reconstruction in an edentulous patient who was not a
candidate for later dental implant oral rehabilitation.

The latissimus dorsi free flap provides great bulk and can
be harvested with or without skin. The site is often closed
primarily with minimal functional morbidity to the patient.
The disadvantage of this flap is that the patient is tradition-
ally in a lateral decubitus position and the two-team

approach cannot be utilized. Last, the rectus abdominis
free flap is great when significant bulk is needed for max-
illectomy defects or orbitomaxillary defects. It is a very large
flap and needs to be bolstered when inset to ensure it does
not migrate significantly inferiorly or form fistulas.

Osteocutaneous and Osseous Free Flap Midface
Reconstruction
Workhorse hard-tissue free flaps used to reconstruct the
midface include the scapula, radial forearm, deep circumflex
iliac artery, and fibula. A comparison between the flaps and
their advantages anddisadvantages are illustrated in►Table 3.
Osseous flaps are most commonly used to reconstruct the
palate, orbital rim, or the maxillofacial buttresses to support
globe position, midface projection, dental rehabilitation, and
soft-tissue drape of the face.

The scapula osteocutaneous flap has the advantage of
having a predictable and long pedicle and numerous options
for chimeric harvest to address themost complex defects. If a
small portion of bone is needed, in particularmaxillary bone,
the scapular tip free flap can provide a dynamic flap that
provides necessary bulk and osseous reconstruction for large
midface defects.20 Although rarely used in the United States,
the deep circumflex iliac artery free flap has significant
popularity for maxillary and mandibular reconstruction
around the globe. It provides a significant amount of bone
and when harvested with the internal oblique muscle, the
flap can provide a significant amount of soft-tissue bulk
(►Fig. 4). When harvested with a skin paddle, it can be too
bulky for most oral cavity reconstructive needs.

The fibula free flap remains our most commonly used
osseous flap in the reconstruction of the head and neck.
Although the skin paddle can have limited mobility due to
location of its perforator, the ability to harvest a large skin
paddle with little additional morbidity makes the flap very
dynamic for composite defects. In addition, when harvesting
multiple perforators, the skin paddle can be divided to
enhance reconstruction.

The fibula free flap provides a substantial length of bone
with adequate thickness for implants. In addition, the ante-
rior surface of the fibula resembles the alveolar ridge of
the maxilla and can have very favorable results for

Table 2 Advantages and disadvantages of workhorse soft-tissue free flaps for midface reconstruction

Free flap Advantages Disadvantages

Anterolateral thigh • Provides bulk
• Primary closure
• May be chimeric

• Varying vascular anatomy

Radial forearm • Reliable anatomy
• Ease of harvest
• Long pedicle length
• Two team approach
• Thin, pliable tissue

• Requires skin graft for donor site
• Risk of limited wrist range of motion

Latissimus dorsi • Provides bulk
• Can be harvested with or without skin
• Primary closure

• Patient positioning
• Single team approach

Rectus abdominis • Provides bulk • Possible abdominal wall weakness/hernia
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immediate dental implants at the time of primary recon-
struction. Unique to maxillary reconstruction, the fibula can
beharvestedwith a large portion of theflexor hallucis longus
muscle and can be used to obliterate the palatal defect with
predictable mucosalization of the site within a couple of
weeks of surgery. This allows the skin paddle to be used on

the buccal aspect of the maxilla to establish the depth of the
vestibule and lip length.

When using an osseous free flap, determining the correct
location for thebone to befixated to the native bone is critical
for future dental implant reconstruction. If not properly
planned, the relationship between the native mandible

Fig. 2 Two cases demonstrating the use of the anterolateral thigh free flap for reconstruction of complex midface defects requiring significant
bulk and soft-tissue reconstruction. The first case (A–E) is a 54-year-old male with an aggressive left maxillary squamous cell carcinoma extending
through the left infraorbital facial skin complex. The second case (F–H) is a 67-year-old male with a large left facial cutaneous squamous cell
carcinoma invading the underlying left facial skeleton and temporal bone without intracranial invasion. (A) Left maxillary squamous cell
carcinoma with extension into the left infraorbital facial skin, nose, maxillary sinus, and soft palate without invasion of the orbital floor. (B)
Maxillectomy specimen with associated facial skin component and potion of the piriform rim. (C) Defect of the left infraorbital skin extending
through the hard palate, maxillary sinus, and nasal cavity. (D) Inset of anterolateral thigh (ALT) flap to obliterate maxillary sinus while closing the
facial skin and intraoral soft-tissue defect. (E) Inset of ALT flap demonstrating left facial contour preserved and aesthetic outcome. (F) Left facial
cutaneous squamous cell carcinoma with extension into the temporal bone, maxilla, mandibular condyle, and orbit. (G) Defect after tumor
extirpation and neck dissection resulting in large soft-tissue defect with exposure of the maxillary sinus and nasal cavity. (H) Inset of ALT flap for
soft-tissue closure of defect.

Fig. 3 A case demonstrating the use of the radial forearm free flap for reconstruction of complex maxillary and midface defects requiring thin,
pliable soft-tissue reconstruction. The patient is a 44-year-old male with a small anterior maxillary squamous cell carcinoma requiring an anterior
maxillectomy. (A) Defect after maxillectomy extending into the labial mucosa of the upper lip and into the nasal cavity with bilateral inferior
turbinates present. (B) Inset of the radial forearm free flap for oral closure that does not invert or shorten the upper lip and maintains lip
competence.
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and neomaxilla fibulawill not facilitate the development of a
proper occlusion if the patient were to complete dental
rehabilitation. When midface defects include the dentate
portion of the maxilla, we employ dental restoration–driven
reconstruction of the defect (►Fig. 5). If the patient is dentate
in the region preoperatively, we clone the patient’s existing
dentition. If patients are edentulous, we use software to
fabricate their ideal prosthesis. Both are designed on BlueSky
Plan (Blue Sky Bio, Libertyville, IL) andMeshmixer (Autodesk
Inc, San Rafael, CA). We plan the location of the dental
prosthesis first, then followwith the dental implant location,
and last the fixation plan for the osseous free flap.21,22 With
the advent of virtual surgical planning, this can all be
predetermined with great accuracy.

Pedicle and Recipient Vessel Considerations
Free flap reconstruction of the midface comes with numer-
ous considerations when discussing microvascular surgical
planning. Arterial anastomotic sites include the superficial
temporal artery, facial artery, lingual artery, or others by
using vein grafts and other adjuncts. The superficial temporal
artery can be tenuous with a small caliber vessel compared
with the others. In addition, it does not always run parallel to
the superficial temporal vein. If planning to use the superfi-
cial temporal artery for anastomosis, you should locate a
satisfactory vein before determining needed pedicle length
from flap choice and harvest. Common venous anastomotic
sites include the superficial temporal vein, common facial
vein, facial vein, and external jugular vein.

Flap pedicle length must be maximized to reach the
recipient vessels. Many times, they are not immediately
located in the reconstructive bed and a longer flap pedicle
is needed. Free flap reconstruction of anterior midface
defects allows the tunnel to be established through subcuta-
neous tissues. Posterior midface defects in which the pedicle
is above the palate can be tunneled through the mylohyoid
muscle, medial to the mandible but lateral to the pharynx.6

For all head and neck microvascular reconstruction, the
geometry of the vascular pedicle must be optimized. This

Table 3 Advantages and disadvantages of workhorse bone free flaps for midface reconstruction

Free flap Advantages Disadvantages

Scapula • Numerous chimeric options, if indicated
• Pedicle rarely affected by atherosclerosis
• Bone quantity sufficient for dental implants

• Patient positioning
• Single team approach

Deep circumflex
iliac artery

• Great bone height
• Bone quantity sufficient for dental implants

• Very bulky flap when muscle included
• Risk of abdominal wall weakness/hernia

Fibula • Two-team approach
• Long length of bone available
• Bone quantity sufficient for dental implants
• Low donor site morbidity

• Limited skin paddle mobility

Osteocutaneous
forearm

• Reliable anatomy
• Ease of harvest
• Long pedicle length
• Two-team approach
• Thin, pliable skin paddle

• Risk of radius fracture
• Skin graft needed for closure of donor site
• Risk of limited wrist range of motion
• Limited bone quantity available
• Unpredictable dental implant outcomes

Fig. 4 A 29-year-old male presenting with left maxillary odontogenic
myxoma. (A) Clinical presentation of patient demonstrating a left maxillary
expansile lesion later confirmed to be an odontogenic myxoma. (B) Cone
beamCTscanat the timeofclinicalpresentationdemonstratingexpansionof
themass into the leftmaxillary sinuswithpreservationof theorbitalfloorand
nasal complex. (C) Specimen of left maxillary odontogenic myxoma. (D)
Defect of left maxilla with extension into the maxillary superstructure after
tumor extirpation. (E) Harvestof thedeepcircumflex iliac arteryflapwith the
internal oblique included for additional bulk. (F) Deep circumflex iliac artery
pedicle noted to harvested bony crest and associated internal oblique
muscle. (G) Inset of flap into the maxilla with proper adaptation of bone for
anterior reconstruction and internal oblique muscles used to obliterate the
maxillary sinusandreconstruct thepalate.Themusclewill latermucosalize to
form the neopalatal soft tissue. (H) Postoperative CT scan demonstrating
adaptation to defect.
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term encompasses the three-dimensional (3D) positioning of
the nutrient vascular pedicle as well as vessel tension and
redundancy. The ideal axis of the vascular pedicle in the neck
is in the longitudinal direction. This configuration helps
eliminate the kinking of the pedicle that is observed with
side-to-side movements of the head. In addition, anastomo-
sis under slight tension is superior to an anastomosis with
significant redundancy.23

New Technologies and Specific Anatomic
Defect Considerations

The advent of virtual surgical planning, patient-specific
hardware manufacturing, and point-of-care 3D printing
has revolutionized the accuracy, operative efficiency, and
functional outcomes possible for complex midface recon-
structive surgeons. Before these new technologies were
established, many previously published algorithms discuss
soft-tissue flaps used for posterior maxillary reconstruction
and osseous flaps for anterior reconstruction to restore facial
projection. However, this does not account for any future
dental reconstruction (mastication, etc.) and many of these
patients cannot have a denturefit after flap reconstruction.18

With the current technology we have at our disposal, the
ideal way to reconstruct dentate sections of a midface defect
is with a bone flap that allows for dental implants during
primary reconstruction or at a later date. This allows the
patients the option to completely restore their function, and
the form that follows.

Orbitomaxillary Defects
Orbitomaxillary defects are extremely complex and involve
numerous functional and aesthetic components. The goal of
orbitomaxillary reconstruction is to support the globe or
ocular prosthesis, to obliterate the maxillary cavity, provide
proper facial projection, and, when a portion of the dentate
maxilla is involved, facilitate dental rehabilitation with a
fixed or removable dental prosthesis.

It is agreed upon that the orbital floor required rigid
reconstruction (autogenous bone or alloplastic) unless orbital
contents has been exenterated. In that case, only a bulky soft-
tissue flap can be used to obliterate the maxillary sinus and
support cheek contour. For patients with isolated orbital exen-
teration defects who wish to have an orbital prosthesis, a thin
flap, suchasa radial forearm, thatwill result inaconcaveorbital
cavity shouldbeused.24 If youdonothave separateorbitalfloor
reconstruction when the orbital contents are present, your
patient will develop dystopia and enophthalmos.18,24,25

The decision on which graft to use to reconstruct the
orbital floor is at the reconstructive surgeon’s discretion, the
patient’s desires, and the nature of the injury and its result-
ing defect. One option is an autogenous bone graft (split
calvarial) for orbital floor reconstruction with a large fas-
ciocutaneous flap (ALT, rectus or forearm with beaver tail
modification). An additional option is a single osteocutane-
ous flap (scapular tip) to reconstruct the orbital floor with
the bone flap and close the soft-tissue defect with the
remainder of the flap. Last, the orbital floor can be recon-
structed with a custom alloplastic orbital implant with an
osseous free flap for the maxillary reconstruction.

In a recent review of orbital floor reconstruction for
trauma, Kirby et al found that autologous bone reconstruc-
tions were more likely to be complicated by orbital dystopia
and enophthalmos compared with titanium mesh and
porous polyethylene, possibly because of increased difficulty
in shaping the reconstructed orbital floor irregular thickness
and unpredictable resorption.26 Hanasono et al noted that
complications related to orbital floor reconstruction were
not dependent on the material used (p>0.18) including
patients who underwent radiation.24

We present two cases to review orbitomaxillary recon-
struction using an alloplastic orbital implant and a fibula free
flap for maxillary reconstruction (►Figs. 6 and 7). A fibula
segment was not used for the orbital reconstruction due to
the short height of the midface and we did not want to
shorten our available pedicle length. The second case

Fig. 5 Dental restoration–driven reconstruction of the defect used during virtual surgical treatment planning of a midface trauma defect. (A)
Patient with a left midface defect from a gunshot wound resulting in loss of his left maxilla and orbital floor. Before designing his orbital implant
or his maxillary reconstruction with a fibular free flap, the stereolithography (STL) of his designed dental prosthesis was imported into the virtual
surgical planning software to demarcate its optimal location. At that time, it was determined that a two-segment fibula free flap would be used
for reconstruction. (B) To determine if the fibula would be fixated to the pterygoid plate or zygomatic body to ensure a proper future occlusion,
both plans were planned in reference to the planned final dental prosthesis as you can see in this picture. The choice was to fixate to the zygoma
to ensure at least first molar occlusion on the left side. When planning to the pterygoid plate, the fibula would have been far toomedial for proper
dental rehabilitation and the anterior fibula segment would have been too short for predictable perfusion.
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highlights dental restoration–driven reconstruction with
complete orbitomaxillary reconstruction, including dental
implants and a 3D printed dental prosthesis at the time of
primary reconstruction.

Total Maxillectomy with Immediate Dental Implants
and 3D Printed Prosthesis and Skin Paddle
The total maxillectomy patient presents with numerous
reconstructive challenges. First, their midface projection
and their midfacial height and width are diminished. In
addition, their ability to intelligibly speak and masticate is
severely challenged. Last, they likely have a mucosal defect
that, if not properly reconstructed, could lead to lip incom-
petence and loss of the vestibule that enables proper lip
function.

We present a case (►Fig. 8) of a patient who underwent a
total maxillectomy and desired immediate dental reconstruc-
tion.Using virtual surgicalplanning, customplatemanufactur-
ing, and3Dpoint-of-careprinting,we reconstructed thedefect
with a fibula free flap with a skin paddle for buccal mucosal
reconstruction, immediate dental implants, and dental pros-
thesis for primary reconstruction. To maintain the nasal
airway, the patient should have nasal trumpets placed prior
to inset of flap and it is not common to double barrel these
defects tonot limit restorative space forfinaldental prosthesis.

Nasomaxillary/Anterior Skull Base
Nasomaxillary needs a bulky soft-tissueflap to obliterate the
maxillary, ethmoids, and possible sphenoid sinuses with or
without bone for the dentate or anterior maxilla. If possible,

Fig. 6 A 15-year-old female who presented to our clinic with a leftmaxillary ossifying fibromawith erosion of the orbital floor requiringmaxillary and orbital
reconstruction. (A) Preoperative virtualmodel of the patient’s leftmaxillary pathology demonstratingmedial invasion of the nasal cavity, superior invasion of
theorbitalfloor, andextensivemaxillarydestruction. (B)Virtual surgicalplanningof thecustom leftorbital implant toensureglobesupport. (C) Virtual surgical
planning of the left maxillary reconstruction with fibula free flap. (D) Exposure of the left maxillary ossifying fibroma utilizing the Weber-Ferguson approach
without subciliary extension. (E) Resulting defect after tumor extirpation involving the orbit, nasal cavity,maxillary sinus, and oral cavity. (F) Surgical site after
fixation of the left customorbit implant with buccal fat pad graft draped over the implant to enhance soft-tissue coverage of implant. (G) Final inset of orbital
implant and fibular free flap demonstrating proper globe support and obliteration of maxillary sinus with the flexor hallucis longus muscle. Proper malar
projection present with contour of implant and fibula position. (H) Patient 6 weeks post-op demonstrating proper soft- and hard-tissue aesthetic outcomes.
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skin present on the nasal side of the defect is preferred to
establish the nasal airway. Anterior skull base defect recon-
structions must form a watertight seal against the dura or
brain, thereby preventing CSF leaks and meningitis.27

Small central anterior skull base defects can be recon-
structed with pericranial or galea-frontalis flap. Small lateral
anterior skull base defects can be reconstructed by temporalis
flap, radial forearm free flap, or serratus anterior free flap. For
extensive central or lateral defects of the anterior skull base,

consideration of the ALT or rectus abdominis free flaps should
be considered to ensure achievement of reconstructive goals.27

Postoperative Considerations

Flap Complications
There are numerous acute and late complications that can
arise after free tissue transfer. First, as an inpatient, flap loss
is themost feared complication. Flap loss is rare, estimated to

Fig. 7 A28-year-oldmaleafter self-inflictedgunshotwound resulting in lossofhis leftmaxilla anddentitionwithorbitalflooravulsion.Thepatient’sglobeand
eyesight werepreserved. Aspreviouslydiscussed,weuseddental restoration–driven reconstruction in coordinationwith custom left orbital reconstruction to
optimize the patient’s form and function. We provided immediate dental implants and point-of-care, 3D printed prosthesis at the time of primary
reconstruction. (A) Preoperative imaging demonstrating complex orbitomaxillary defect to include the dentate maxilla. (B) Dental restoration–driven
reconstructionof leftmaxillawith imported STL prosthesis, dental implants, and ideally plannedfibula freeflap for dental rehabilitation andocclusion. TheSTL
filewill beused to3Dprint theprosthesis inourdepartment fordelivery at the timeofprimary reconstruction. (C)Virtual surgicalplanofpreviouslymentioned
maxillary reconstruction with left custom orbit implant and reconstruction plate. It is the translation of this surgical plan into the fibula cutting guide that
facilitates a predictable operative outcome. (D) 3Dmodel of planned reconstruction with fabricated left custom orbital implant and reconstruction plate. (E)
Patient at the timeof surgerywith contracted soft-tissue envelope andacquired edentulismof leftmaxilla. (F) Final occlusion after inset of fibula freeflapwith
dental implants and 3D printed prosthesis. (G) Postoperative CT reflecting proper execution of preoperative surgical treatment plan of the complex
orbitomaxillary defect. (H) Patient 6 weeks post-op without any complication. Lip soft-tissue defect from initial trauma will be addressed at later day.

Fig. 8 A 47-year-old male with fibromyxoid sarcoma of the anterior maxilla who desired immediate midface and dental reconstruction. In this
case, to preserve the upper lip length and position while maintaining the vestibular depth, a skin paddle was utilized with the fibula free flap to
reline the mucosal defect. (A) Preoperative imaging of anterior maxillary lesion with planned resection margin (red). (B) Planned three-segment
fibula free flap reconstruction of the mandible with dental implant placement. A clone of the patient’s preoperative maxillary dentition was
imported prior to virtual surgical planning to employ dental restoration–driven reconstructive principles. (C) Preoperative photo of the
expansile, firm lesion of the anterior maxilla. (D) Total maxillectomy specimen after tumor extirpation. (E) Fabrication of the neomaxilla at the leg
with the pedicle still intact demonstrating the fibula with skin paddle, reconstruction plate, and 3D printed dental prosthesis. (F) Final
reconstructive unit with skin paddle for vestibuloplasty at the time of inset. (G) Inset of fibula and skin paddle with immediate implants and
dental reconstruction. (H) Patient 6 weeks post-op without complication.
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be 2 to 5% inmany reports, and flap salvaged rates after early
recognition of a vascular problem are high, estimated to be
70 to 80%.28 The most common early flap complication is
arterial or venous thrombosis, and these events are most
common in the first 3 days after anastomosis while endo-
thelialization is occurring. Flaps are susceptible to vascular
compromise for weeks, however, until neoangiogenesis is
complete. For these reasons, patients are often monitored
intensively for the first 3 days after surgery, then closely for
several more days in the hospital, and then discharged with
specific instructions regarding activity, head position, wear
of ties around the neck, and other considerations to maxi-
mize the chances of flap survival.

Other acute complications include fistula development,
wound infection, pneumonia, and anesthetic complications
such as heart attack and stroke. The overall complication rate
has been estimated up to 46%, though many complications
are minor, requiring only conservative management.20 An
estimated 41% of patients will require some sort of revision
procedure.20 Major complications, such as flap compromise,
systemic issues, and death, are more common in patients
with larger and more complex preoperative defects.28

Later complications that arise after discharge from the
hospital and sometimes even months after reconstruction
can also occur. Among these, fistula development is the
most common. Often, fistulas can be successfully treated by
readvancement of the flap, transfer of additional tissue to the
area either via a second freeflap or regional tissue transfer, or,
occasionally, by formationof a permanentfistula. Lateflap loss
is very rare but can occasionally happen and is often related to
radiation necrosis. In these cases, hyperbaric oxygen therapy
can improve blood flow to affected tissues, but in the event of
bony loss, a second free flap is often required.

Aesthetic Outcomes
Aesthetic displeasure is another common issue dealt with over
severalmonths to years after midface reconstruction. Inmany
cases of regional or free flap transfer, the initial tissue bulk is
excessive.This isoftendoneonpurpose, however, as tissuewill
atrophy significantly over the initial few months after recon-
struction. Also, debulking procedures can be performed if

bulky tissue persists 12þ months after the initial reconstruc-
tion. It ismore difficult to addbulk where it is deficient,which
is why reconstructions often err on the side of “too bulky” in
the initial reconstructive plan. Overall, however, studies esti-
mate that 74 to 96% of patients will achieve an “excellent” or
“good” aesthetic outcome to facial appearance, while 6 to 25%
of patients will achieve a “fair” or “good” appearance.6,7

Functional Outcomes
Restoration of appropriate speech and swallow is paramount
to a successful midface reconstruction, and, in general, free
flap transfer does restore acceptable speech and swallow.
Many studies have found that rates of achievement of normal
or near-normal speech after free flap reconstruction of the
midface is high, estimatedbetween98and100%.6,7,29Swallow
outcomes are also high after surgery, with many studies
finding only 0 to 8% of patients unable to maintain a solid
diet and require liquid nutrition by mouth or feeding
tube.6,16,30Next, in a separate study byHanasono et al, greater
than 80% speech intelligibility was achieved bymore than 95%
ofpatients. Suboptimal speechoutcomeswere associatedwith
lossof 50%ormoreof the soft palate. Further,more than90%of
patients tolerated an unrestricted or soft diet. Also, only 5% of
patients were partially or totally tube feed dependent.13

Other functional complications include nasal passageway
obstruction and sinus obstruction. Mucocele formation is
inevitable whenever the sinus drainage pathways are not
sufficiently restored, or the sinuses obliterated. Mucoceles
sometimes do not present until years after a reconstruction,
so their true rate of development is difficult to assess.

Extrusion of implanted hardware can also occur and is
more common when there is insufficient soft-tissue cover-
age of the material (►Fig. 9). Occasionally, plate extrusion is
related to radiation necrosis. It can also occur when there is a
loose screw and micromovement of the hardware over time
that leads to tissue breakdown. Infection is also common in
these cases. Of note, extrusion is not always obvious and
can often occur in the nasal passageway itself, as opposed to
in the oral cavity. Any exposure of implanted hardware
unfortunately necessitates hardware explantation, wound
washout, and likely reimplantation at a later date. Efforts

Fig. 9 Complications from midface reconstruction. (A) Patient with a history of left orbit (custom titanium implant) and maxillary
reconstruction (fibula) with thinning of skin over orbital implant 5months after surgery. The implant was removed, and skin was closed primarily.
No additional implant was required due to scar tissue formed postoperatively. (B) After a total maxillectomy with an upper lip and oral cavity
defect, the site was reconstructed with a large anterolateral thigh flap. Five days post-op there was a dehiscence at the anterior margin with
superficial necrosis of the skin. The flap remained vital. The site was serially debrided and healed secondarily without further complication.
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to treat localized exposure with antibiotics are often unsuc-
cessful due to the ability of bacteria to form biofilms and
otherwise evade antibiotics near hardware.

Quality-of-Life Outcomes
There are numerous, validated surveys that have been devel-
oped tohelp evaluate qualityof lifewith head and neckcancer,
and these include but are not limited to the patient concerns
inventory, the University of Washington Quality of Life
(UWQOL) questionnaire, and the European Organization for
Research and Treatment of Cancer (EORTC) core quality-of-life
questionnaire.15,31 Patient’s well-being has been found to be
directly associated with his or her socioeconomic status and
social support.31 Defects of the midface can have significant,
deleterious effects of patient’s psychosocial well-being, and
treatment of these effects should not be overlooked.

Conclusion

Themidfacecontinues tobeoneof themostchallenging regions
of the body to reconstruct due to its dynamic functional and
aesthetic components. Numerous reconstructive techniques
are commonly used in tandem to satisfactorily restore the
patient’s formand function. For large and/orcompositemidface
defects, free flap reconstruction is the current gold standard,
andwith theadventofvirtual surgicalplanning,patient-specific
hardware manufacturing, and point-of-care 3D printing, the
accuracy, operative efficiency, and functional outcomes have
greatly advanced. In addition, this planning has facilitated
dental restoration–driven midface reconstruction allowing
immediate dental rehabilitation with the goal to optimize the
patient’s postoperative quality of life and their functional and
aesthetic surgical outcomes.
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