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KEY POINTS

e Midface reconstruction is complex due to its importance functionally and esthetically and the intri-

cacies of the anatomy.

e The reconstructive surgeon will select the free flap donor site best able to account for the size of the
defect, the buttress(es) lost, the functional needs, and esthetic goals.
e Innovations in virtual surgical planning allow for greater accuracy and applicability of the

technology.

e Further research is warranted as current studies evaluating outcomes of midface reconstruction are
heterogenous and lack a standardized reporting of esthetic or functional outcomes.

INTRODUCTION

The midface, or middle third of the face, includes
the malar, zygomatic, and orbital areas. The mid-
face is involved in facial expression, speech, and
mastication. In addition, it is an important compo-
nent of facial esthetics. This coupled with its com-
plex three-dimensional (3D) structure results in a
challenging area to reconstruct. There are 6 pairs
of bones (nasal, maxilla, palatine, lacrimal, zygoma,
and inferior nasal concha) that provide a framework
for the midface. The majority of the boney frame-
work is supported by the zygoma and maxilla.
The facial skeleton and the overlying soft tissues
are responsible for the projection in this region, an
important component of facial esthetics. The goals
of midface reconstruction depend on the defect
and may include any combination of the following:
closures of a fistula, restoration of soft tissue volu-
metric loss and symmetry, prevention of velophar-
yngeal insufficiency, orbital positioning, dental
rehabilitation, and restoration of a bony framework
for function and soft tissue support.’

Following the introduction of microvascular free
flap (FF) reconstructions for head and neck defects
in the 1990s, there has been significant innovation
in the realm of midface reconstruction. Prior to the
availability of FFs, the primary reconstructive option
for patients with a midface defect was an obtu-
rator.>® Several publications have reported
improved functional and cosmetic outcomes with
FF reconstruction of a midface defect when
compared to an obturator. These included
improved quality of life, reduction in pain, greater
mastication efficiency, improved speech intelligi-
bility, and reduced levels of anxiety.*®

Currently, there is a wide variety of reconstruc-
tive options for midface reconstruction, each with
their own advantages and disadvantages. These
range from prosthesis and obturators to local
and pedicled flaps and finally microvascular FFs.
Often, the integration of several techniques is
required to optimize the outcomes for patients. In
this review, we will discuss advanced midface
reconstruction including challenges and new
innovations.
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CONSIDERATIONS

Given the complexity of midface anatomy, it is not
surprising that several classification systems exist.
While the most referenced is the Brown classifica-
tion system described in 2010,° there is currently
no standard in the reporting of outcomes for mid-
face reconstruction. The Brown classification sys-
tem (Table 1) includes a grade for the vertical
(isolated palate to orbital rim; classes I-IV) and
the horizontal (extent of palate and alveolar ridge;
a—c) aspect of the defect. The classification was
modified later to include class V (orbitomaxillary,
no palate or alveolus) and class VI (nasomaxillary,
no palate or alveolus).® One challenge with any
midface classification system is the complexity
of the defects often preclude them from fitting
nicely into a single class.®” Still, the reconstructive
surgeon may find a classification system useful for
conceptualizing the reconstructive needs based
on what has been lost. While it does not currently
exist, it has been proposed that the ideal midface
classification would incorporate: (1) dental status,
(2) presence of an oroantral or nasal cutaneous
communication, (3) soft palate involvement, (4)
vertical extent, (5) horizonal extent (medial-lateral),
and (6) anterior-posterior extent.®®°

Terminology often used by surgeons to describe
the extent of the maxillectomy performed includes
medial, infrastructure, superstructure, subtotal,
and total. A medial maxillectomy includes the
removal of the medial wall of the maxilla adjacent
to the nasal passage with the preservation of the
hard palate and orbit. An infrastructure maxillec-
tomy includes the removal of the hard palate and
inferior portion of the maxilla including the teeth

with the preservation of the orbital floor. A supra-
structure maxillectomy includes the removal of
the superior portion of the maxilla and the removal
of the orbital floor with the preservation of the hard
palate. A subtotal maxillectomy includes removal
of a combination of the components the maxilla
without removal of the entire maxilla. A total max-
illectomy includes the removal of the entire maxilla
including the hard palate and orbital floor. An algo-
rithm of possible reconstructive options by defect
is provided in Fig. 1. While this may serve as a
guide, it is important for the reconstructive sur-
geon to be aware that, in reality, these defects
are highly variable and require a patient-specific
approach. An in-depth understanding of the anat-
omy is crucial to achieving the desired outcomes.

INDICATIONS AND GOALS

The defect assessment and goals of reconstruc-
tion will help guide the reconstructive surgeon
both in surgical planning and donor site selection.
Replacement of the lost bone is important to limit
contracture and improve facial contouring. In addi-
tion, the volume of soft tissue lost must also be
taken into consideration when selecting a donor
site. Careful deliberation of the advantages and
disadvantages of each donor site is critical.

To provide the framework and stability for the
reconstructed midface, the restoration of any lost
buttresses is paramount. This is most successfully
achieved with a boney reconstruction. The roof
(inferior orbital rims and zygoma) and floor (hard
palate) of the midface make up the horizontal but-
tresses. While the nasomaxillary, zygomaticomax-
illary, and pterygomaxillary make up the vertical

Table 1
Modified Brown classification

Vertical

Horizontal

I Maxillectomy without oral or antral
communication

Il Inferior maxillectomy without resection of the
orbital floor

Il Superior and inferior maxillectomy including
resection of the orbital floor and periorbital

IV Extensive maxillectomy including resection of
the orbit and possible skull base resection

V  Superior maxillectomy including resection of
the orbit

VI Central maxillectomy including resection of
the nasal aperture

Limited palate defect, alveolus intact

Less than or equal to half of the palate
resected on one side

Bilateral hard palate and alveolus resection
(equal to or less than half) or anterior hard
palate and alveolus

Greater than half of the hard palate and
alveolus resected

Adapted from Brown JS, Shaw RJ. Reconstruction of the maxilla and midface: introducing a new classification. Lancet On-
col. Oct 2010;11(10):1001-8. doi:10.1016/51470-2045(10)70113-3.
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Fig. 1. A reconstructive algorithm based on various midface defects. ALT, anterior lateral thigh; FF, free flap;
OCRFFF, osteocutaneous radial forearm free flap; RFFF, radial forearm free flap.

buttresses of the midface. The framework for the
maxillary dentition is the maxillary alveolus and
nasal support is from the premaxilla.

ADVANTAGES AND DISADVANTAGES

Careful consideration and planning are performed
prior to the surgery. The reconstructive surgeon
will weigh the advantages and disadvantages of
each donor site to maximize the number of goals
achieved. Reconstruction of a small ostial midface
defects or single buttress may be achieved with
the osteocutaneous radial forearm FF. While de-
fects that involve numerous buttresses often
require longer bone stock, making the fibula or
scapula a more likely choice. If the maxillary alve-
olus is involved, dental rehabilitation is factored in
when selecting a donor site. Dental implantation is
possible with either a fibula or scapula FFs.'°

The infraorbital curvature has important es-
thetics implications and is difficult to reproduce
with any donor site. In order to recreate this curva-
ture and provide orbital support, there has been
continued innovation with custom orbital floor im-
plants.’'2 These are often used with the addition
of a soft tissue FF for coverage and protection of
the implant from exposure to bacteria. Soft tissue
donor sites commonly used include the anterior
lateral thigh or radial forearm, depending on volu-
metric needs. Overlying skin breakdown, fistula
formation, and extrusion of hardware are compli-
cations that can occur.

The radial forearm free flap (RFFF) is a fasciocu-
taneous flap that has proven useful in head and
neck reconstruction due to his pliability, long
pedicle length, and reliability. The long pedicle
length is, particularly, advantageous for midface
reconstruction in that it allows for tension-free
anastomosis in the neck. The pedicle may also
be harvested with additional adipose as needed
for further volumetric contouring. Reconstruction
of simple ostial midface defects may be achieved
with the osteocutaneous radial forearm free flap
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(OCRFFF), and its ideal use includes defects
limited to the alveolar ridge, infrastructure maxilla,
or orbital rim.* Limitations of the OCRFFF include
limited bone length (10-12 cm), limited soft tissue
volume, and lack of bicortical bone stock for
dental implant integration.

The anterolateral thigh (ALT) FF is primarily cho-
sen when large volumes of soft tissue loss are
anticipated. Examples include large resections
with orbital exenteration or when soft tissue is
needed to either obliterate the sinus cavities or
reinforce a skull base repair. It can also be utilized
to provide coverage of custom-made orbital rim
implants in the setting of an orbital rim reconstruc-
tion. Often, the ALT has greater subcutaneous ad-
ipose thickness when compared to the RFFF and
subsequently may provide greater plate coverage
and a lower incidence of hardware exposure.
However, there is a great variability among pa-
tients in the thickness of the adipose and this
should be taken into account.

The bone stock provided by the fibula lends it-
self to great versatility for midface reconstruction.
Multiple osteotomies can be made to improve
restoration of the facial skeleton and contouring
(Fig. 2). The skin paddle is thin and pliable, which
lends itself to increased versatility. Dental implan-
tation is possible with the fibula bone due to the
thickness and bicortical harvest. It is important to
determine the length of bone and number of
osteotomies required to achieve the reconstruc-
tive goals. The pedicle length will be reduced
with each additional segment of bone. In addition,
when segments are stacked to improve facial con-
touring, additional spacing along the pedicle is
required between boney segments. This is known
as the “leash” and helps protect the pedicle from
kinking. These variables are of greater importance
in midface reconstruction, which requires a longer
pedicle length to reach the vessels in the neck. For
example, a 3 buttress defect is less ideal for a fib-
ula FF due to the length of bone needed and the
number of osteotomies required.
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Fig. 2. Virtual surgical planning for the reconstruction of a right-sided inferior orbital rim, zygoma, maxillary
alveolus, and hard palate defect using a left fibula donor site. (A, B) 3D modeling of planned tumor resection
(red). (C) 3D modeling of the left fibula with planned osteotomies. (D, E) 3D modeling of the fibula segments
(green) used to reconstruct the inferior orbital rim and maxillary alveolus. (F G) Custom-made midface plate in
position with fibula segments. (H) Example of how the plate is designed to avoid tooth roots and the software
is able to provide depth of screw placement. @Indicates those screw lengths will be extracortical.

The subscapular system of chimeric FFs has
great versatility. It can provide significant soft tis-
sue volume and bone.'® The shape and natural
contour of the scapula bone are particularly ad-
vantageous for the reconstruction of the anterior
maxillary face and alveolar ridge. The scapula
can also be used to recreate the orbital rim and
nasal aperture as well (Fig. 3). The scapular tip
has an excellent morphologic consistency with
either the palate or orbital floor (horizontally ori-
ented) or the anterior maxillary face (vertically ori-
ented).'® For defects involving the orbital rim
and/or zygoma, the lateral border of the scapula
and the scapula tip can be harvested as a single
segment to reconstruct the orbital rim, the zygoma
(lateral border), and the anterior maxillary face (tip,
see Fig. 3). The lateral border of the scapula is also
harvested bicortical and can be used for dental im-
plantation.’®6 The short pedicle length of the sub-
scapular system is a disadvantage for midface
reconstruction.

CHALLENGES

The importance of the midface to both function
and cosmesis makes it a challenging area to
reconstruct. The soft tissues overlying the midfa-
cial skeleton are thin, which limits their ability to
conceal bony asymmetry in the reconstructed
midface. In addition, several of the bones in this
region are only a few millimeters thick. Without
substantial bone thickness for screw placement,
there is a greater likelihood for screw instability
and migration. Similarly, due to the thinness of
the facial bones, there is limited available surface
area to be in contact with the donor bone
making successful osteointegration more chal-
lenging. Furthermore, bacteria that are naturally
present within the oral and nasal cavities are in
close approximation with the reconstructive
hardware, increasing the risk for postoperative
infection, wound breakdown, and/or hardware
exposure.
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Fig. 3. Left total maxillectomy defect included hard plate, alveolus, lateral nasal cavity, orbital rim, and anterior
maxilla (A) reconstructed with a scapula tip and lateral border and parascapula paddle (B-F). Miniplates were
used to secure the scapula to the nasal bones, zygoma, and contralateral alveolus (B). The soft tissue of the para-
scapular paddle was used to recreate the hard palate and close the oroantral fistula. A portion of the scapula
bone was suspended to recreate the anterior orbital floor can be seen in the coronal CT image (D) as well as
in the 3D images generated from the postoperative CT scan (E, F).

COMPLICATIONS

The midface contributes to facial contour, houses
the maxillary dentition, supports the orbit and ante-
rior skull base, and anchors muscles of mastication
and facial expression. As a result, common compli-
cations seen following midface reconstruction
include diplopia, ectropion, enophthalmos, velo-
pharyngeal insufficiency, hardware exposure, hard-
ware extrusion, fistula formation, osseointegration
failure, and subsequent malunion or nonunion.'”
These complications frequently require additional
procedures and can take an extended period to
heal. In addition, often the cosmetic and/or func-
tional outcomes are negatively impacted by these
complications. Often, this leads to dissatisfaction
for both the patient and the surgeon.

CURRENT EVIDENCE

Currently available outcomes data for advanced
midface reconstruction are limited to retrospective,
case series. As mentioned previously, a few
reports have attempted to compare prosthetic
reconstruction with FF reconstruction.*>'8 In
the largest series, Moreno and colleagues'®
compared 73 obturated and 40 reconstructed pa-
tients. They found that vascularized reconstruction
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was preferred, particularly for the larger defects,
due to superior swallowing and speech outcomes.
However, standardized questionnaires were not
used, and no esthetic measures were reported.

Evidence for computer-assisted design for
reconstruction in the midface is mounting with mul-
tiple published single institution case series. The
studies are small, and as in previous studies of mid-
face reconstruction, the reporting of outcomes is
heterogeneous. In a recent systematic review of
the literature on the use of virtual surgical planning
(VSP) for maxillary reconstruction, the authors iden-
tified 16 studies including 142 patients. They found
“extreme heterogenicity” in the labeling of the use
of VSP in the literature, and no standardized report-
ing of surgical or functional outcome. Chan and col-
leagues'® proposed a minimal standard of
reporting for midface reconstruction studies,
including the use of the Brown classification system
and reporting of postoperative functional and
esthetic measures. Development of a “gold stan-
dard” classification system would allow for a more
uniform assessment of outcomes.

PATIENT SATISFACTION

There are limited publications reporting on patient
satisfaction following head and neck FF
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reconstruction. Zebolsky and colleagues®® per-
formed a cross-sectional study of 124 patients
who had undergone microvascular FF reconstruc-
tion of the head and neck and looked at long-term
esthetic-related patient-reported outcomes using
a standardized, validated questionnaire. This
study found that bony reconstruction and adjuvant
radiotherapy were associated with worse patient-
reported esthetic satisfaction. Subanalysis of
midface specific reconstructions was not per-
formed.2° However, as many patients undergoing
midface reconstruction often require bony recon-
struction and adjuvant therapy, these are impor-
tant factors to consider when counseling patients.

EQUIPMENT AND MATERIALS

Medical modeling includes integration of 3D virtual
models into presurgical planning and creation of
custom patient-specific plating. To create the cur-
vature of the midface, multiple osteotomies and
acute angles may be required. The utilization of
computer-assisted design or VSP allows for the
creation of patient-specific models, guides, and
hardware, which has allowed for an improved ac-
curacy of head and neck reconstruction.?-24

The software utilizes patient-specific data from
computed tomographic (CT) imaging to create a
3D rendering. Patient-specific cutting guides and
reconstructive plates can be designed and pro-
duced. Cutting guides allow for improved accuracy
and maximizing the points of bony contact. The
patient-specific plates are typically a stronger
grade than the standard nonpatient-specific plates.
The software also allows for the assessment of the
thickness of the donor and recipient bones. Screw
placement is then planned for areas of sufficient
bone thickness to maximize screw stability. In addi-
tion, the osteotomies can be designed to maximize
boney contact between the midface and donor
bone improving the likelihood of osteointegration.

Utilization of VSP has been found to improve the
percentage of bone-to-bone contact points be-
tween donor and recipient bones compared to
the non-VSP cohort.’ On postoperative analysis,
VSP was found to improve the restoration of the
midface subunits and resulted in a more accurate
approximation with normal bone anatomy.’* VSP
is a complement to the reconstructive plan and is
best viewed as an additional tool for the recon-
structive surgeon to improve outcomes and limit
operative time. The 3D modeling can be utilized
as an adjunct in complex midface reconstruction,
improving the precision and accuracy.'421.24-26
An example of VSP being used to plan a midface
reconstruction of the orbital rim, zygoma, and
maxillary alveolus can been seen in Fig. 2.

SECONDARY RECONSTRUCTION

In secondary reconstruction, VSP offers several
advantages and is a useful adjunct for the recon-
structive surgeon. The software allows for the uti-
lization of the unaffected anatomic side to create
a mirror image. The mirror image is then used to
replace the distorted anatomy of the affected
side. The mirror image can then be used as a
template to guide placement of the boney seg-
ments. This improves the surgeon’s ability to
achieve the ideal projection and facial contour-
ing.2” The software also allows for the superim-
posing of the donor bone segments to ensure
optimization of desired buttress restoration and
projection.?”

DENTAL IMPLANTATION

Dental restoration is an important component of a
patient’s quality of life. It has been reported that
VSP improves rates of dental rehabilitation in
the mandible.?8-3° However, at this time, there
are not sufficient data to either assess long-term
outcomes for midface reconstruction or compare
immediate and secondary implantations. Further
research into dental restoration for patients un-
dergoing complex midface reconstruction is
warranted.

CURRENT CONTROVERSIES

There are a limited number of publications
directly comparing outcomes between VSP and
non-VSP midface reconstructions.’3! Current
limitations and critiques of VSP include the need
for multiple preoperative steps and manipula-
tions, the high cost of outsourcing, and subse-
quent additional health care expense. Planning
sessions are often time-intensive and may be un-
feasible for surgeons. Procedure-specific costs
(hardware, equipment, and so forth) have been
estimated to range between US$8000 and
US$10,000 for an outsourced VSP compared to
US$3000 to US$3700 for the traditional ap-
proaches.3°32 The VSP-related cost may be
justified if it was offset by reduced operative
times, complications, length of stay, and 30 day
readmission rates.?%33 Further research is war-
ranted to determine the true cost-benefit of VSP
for midface reconstruction.

FUTURE CONSIDERATIONS

Given the numerous benefits of VSP, it would be
advantageous for outsourcing companies to
make VSP more readily available and at a lower
cost. These provisions might allow for more
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widespread integration into clinical practice. Some
surgeons prefer to utilize internal software and 3D
printers for planning and guides, which is less
expensive and reduces manufacturing time.34-38
While more cost-effective, this method is more
demanding of the surgeon’s time and requires sur-
geon experience and comfort with the software.
The internal systems typically allow for a 3D model
to be printed. The surgeon will then prebend plates
to the model, versus the custom-made plates that
are available from third-party companies. The
custom-made plates are typically stronger and
are designed to maximize bony interfaces and
screw placements. This is not always possible
with the stock, noncustomizable plates currently
available.

DISCUSSION

For the midface, an area that is crucial both func-
tionally and esthetically, reconstruction of a small
area (even millimeters) can make profound differ-
ences in form and function. The degree of midface
reconstruction, and subsequently the complexity,
is dependent on the extent of the defect. This
varies from patient to patient and requires a solid
fundamental understanding of the 3D space that
encompasses the midface. Common goals of sur-
gical reconstruction of the midface include sup-
port for the orbit and/or anterior skull base,
prevention of oroantral or oronasal fistulas, main-
tenance of oral mastication, preservation of vision,
projection, and adequate soft tissue support.

VSP may be a valuable aid to preoperatively
assess anticipated defects and subsequently eval-
uate the reconstructive needs. VSP allows for
greater precision of the osteotomies and the effi-
cacy of the reconstruction.’ Previous publications
of midface reconstruction have found that the uti-
lization of VSP improved bone contact between
donor segments and the recipient bone and
resulted in improved buttress restoration
compared to reconstructions that did not utilize
VSP.%24 The authors concluded that the use of
VSP improved restoration of the subunits for mid-
face reconstruction, allowed for a more accurate
approximation to the normal bone anatomy, and
improved cosmetic outcomes.'* This technology
is particularly useful when the normal anatomy
has been distorted by malignancy, prior surgery,
trauma, or is congenitally absent.

Due to the complexity of the anatomy and
reconstructive goals, there are multiple options
available to the reconstructive surgeon. Prioritizing
the reconstructive goals with the patient and their
family may help guide the ideal donor site selec-
tion. Ideally, the reconstruction will achieve the
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greatest number of goals with the highest success
rate and lowest morbidity to the patient. When
selecting a donor site, the reconstructive surgeon
will also want to consider the size of the defect,
the buttress(es) lost, functional status, and patient
comorbidities.

SUMMARY

The midface anatomically is complex and is critical
to function and facial esthetics. Reconstructions of
the midface can be challenging and may require
extensive preoperative planning. With an improved
understanding of microvascular FFs and advances
in magnification and instrumentation, FFs have
been used with increasing frequency over the
past 2 decades for midface reconstructions.®®
VSP is considered an adjunct to midface recon-
struction that has further improved our understand-
ing of recipient and donor site anatomy and their 3D
interface.

CLINICS CARE POINTS

e Use of microvascular FFs for the reconstruc-
tion of the midface results in improved func-
tional and cosmetic outcomes when
compared to prosthetics.

e Common complications seen following
midface reconstruction include diplopia,
ectropion, enophthalmos, velopharyngeal
insufficiency, hardware exposure, hardware
extrusion, fistula formation, osseointegration
failure, and subsequent malunion or
nonunion.

e VSP may improve FF and hardware placement
resulting in improved functional and esthetic
outcomes. Additional studies are warranted
to determine the value of VSP in midface
reconstruction.

e Increasing the availability and lowering the
cost of outsourcing VSP would be advanta-
geous to the patient and health care system.
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