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Abstract

Virtual surgical planning (VSP) applicability has recently expanded to include midface reconstruction with free
tissue transfer. For the midface, an area that is crucial both functionally and aesthetically, even minor
reconstructions (in the millimeter range) can make profound differences in form and function. The use of VSP
allows the surgeon to improve accuracy and precision in areas where millimeters drastically impact outcomes. This
review focuses on complex midface reconstruction requiring free tissue transfer and assesses the role of VSP in
this patient population.
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INTRODUCTION

Virtual surgical planning (VSP) utilizes computer-aided design and manufacturing. VSP encompasses the
utilization of computer software for operative planning and the creation of patient-specific models, guides,
and hardware. It is considered by many authors to be advantageous for preoperative assessment and
surgical planning, resulting in shorter operative time and improved outcomes"”. While its most utilized
indication in the head and neck region has historically been for mandibular reconstruction, VSP has gained
recent interest for use in midface reconstruction.
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Reconstruction of the midface is considered complex due to its intricate three-dimensional (3D) structure
and its importance in speech, expression, aesthetics, and mastication. The midface contributes to facial
contour, houses the maxillary dentition, supports the orbit and anterior skull base, and anchors muscles of
mastication and facial expression. As a result, common complications seen following midface
reconstruction include diplopia, ectropion, enophthalmos, velopharyngeal insufficiency, hardware
exposure, hardware extrusion, and fistula formation.

One advantage of utilizing VSP for preoperative planning is the ability to visualize the surgical defect and
rotate the facial skeleton in three dimensions. This allows the surgeon to better conceptualize the defect as
well as determine the best orientation of the donor tissue to maximize cosmetic and functional outcomes.
VSP provides a better understanding of the underlying shape of the recipient and donor bones, and aids in
planning osteotomies that maximize bone-to-bone contact between the donor and recipient site. Improved
bone apposition correlates with higher rates of bone union, and subsequently, lower rates of complications
and improved cosmetic outcomes. This review will focus on complex midface reconstruction requiring free
tissue transfer and assess the evolving role of VSP in this patient population.

RECIPIENT AND DONOR SITE CONSIDERATIONS

The complexity of the midface structure and its importance to a multitude of functions present the
reconstructive surgeon with unique challenges. The greater the ability of the surgeon to recreate what is lost,
the better the clinical outcomes for patients. The use of VSP allows the surgeon to improve accuracy and
precision in areas where millimeters drastically impact outcomes.

The midface is composed of the palate, alveolus, paranasal sinuses, nasal cavity, and orbital cavity. The
bones of the midface include the maxilla, ethmoid, nasal, palatine, and zygoma. Depending on the defect,
goals of midface reconstruction may include closure of fistulas, restoration of soft tissue volumetric loss and
symmetry, prevention of velopharyngeal insufficiency, orbital positioning, dental rehabilitation, and
restoration of a bony framework for function and soft tissue support®. Cosmetically, projection is an
important element to be factored into the reconstructive plan.

Restoration of the lost facial buttresses is paramount to success as they provide the framework and stability
for the reconstructed midface. The horizontal buttresses make up the roof and floor of the midface, while
the vertical buttresses make up the anterior, posterior, lateral, and medial walls. The anterior alveolus
provides a framework for the maxillary dentition and the premaxilla provides support for the nose and has
important aesthetic implications.

When selecting a donor site, the reconstructive surgeon needs to assess the defect and determine the goals
of reconstruction. The bony reconstruction provides support to limit contracture and improve facial
contouring. Therefore, determining which facial support mechanisms and structures have been affected is
imperative. In addition to the bony framework, the volume of soft tissue lost must be taken into
consideration by the reconstructive surgeon.

The free tissue donor sites available for reconstruction vary in morphological outcome". Reconstruction of
simple ostial midface defects may be achieved with the osteocutaneous radial forearm free flap. More
complex reconstructions of the midface often include the restoration of numerous buttresses; the most
common donor sites selected in these instances are the fibula or scapula. If the alveolus is involved, dental
rehabilitation should be considered when selecting a donor site. Dental implantation success rates are
similar between fibular and scapular free flaps'"?..
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The infraorbital curvature can be difficult to reproduce with any donor site. Custom orbital floor implants
can be used with the addition of a soft tissue free flap to provide coverage and protection of the implant
from exposure to the nasal flora. Potential donor sites for soft tissue coverage include the anterior lateral
thigh or radial forearm, depending on volumetric needs. Adequate soft tissue coverage is crucial to prevent
exposure of the implant to bacteria and chronic infection, leading to overlying skin breakdown, fistula
formation, and extrusion of hardware.

Radial forearm

The radial forearm free flap (RFFF) is a fasciocutaneous flap that does not contain muscle. As such, it has
better volumetric stability. It is pliable and ideal for palate reconstruction as it has limited interference with
the retained mobility of the residual soft palate. In addition, it has a long pedicle that 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 (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), little soft tissue volume, and lack of bone stock for dental implant integration.

Anterolateral thigh

The anterolateral thigh (ALT) free flap can be used when large volumes of soft tissue loss are anticipated.
The fat content of the flap allows for more predictable long-term volumetric retention as compared to
myofascial or myocutaneous alternatives. However, it does not contain a bony component, therefore
limiting its utility in midface buttress reconstruction and projection. It can be used to provide coverage of
custom-made orbital rim implants in the setting of an orbital rim reconstruction. An additional scenario
where the ALT free flap may be utilized includes large resections involving orbital exenteration in which a
large amount of soft tissue may be required to obliterate the sinus cavities.

Fibula

The fibula is a versatile flap for midface reconstruction. Since it can be harvested as a long vascularized
bone, the fibula may be used in scenarios when multiple osteotomies are required to restore the facial
skeleton and contouring. Like the fasciocutaneous RFFF, the skin paddle of the fibula does not contain
muscle. Consequently, this allows for greater volumetric stability over time. The soft tissue component can,
however, be limited and may be inadequate for large volumetric soft tissue loss. The fibula bone harvested is
bicortical and therefore allows for dental implant integration.

In order to utilize the fibula for reconstruction and midface defects, multiple osteotomies and acute angles
are often required to achieve ideal contouring and support. The utilization of computer-assisted design or
VSP has allowed surgeons to achieve this with greater accuracy”*'*. It is generally recommended that an
osteotomy should retain at least 2-3 centimeters of the bone to maintain the periosteal blood supply to the
bone segment. However, few publications have noted that they consistently used 1.5 centimeters bone

[7,15]

segments with flap success™**.

It is important to consider the amount of bone stock required to restore the facial skeleton and buttress. As
the number of osteotomies and bone length increase, the pedicle becomes shorter. A three-buttress defect is
less ideal for a fibula free flap given the number of osteotomies required and the subsequent shortening of
the pedicle length. In addition, with each additional osteotomy, there is an increased risk of osseointegration
failure and subsequent malunion or nonunion"®. Over time, this can manifest as hardware instability,
extrusion, or fistula formation.
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Subscapular

The subscapular system of chimeric free flaps is extremely versatile. It can provide ample soft tissue, muscle,
and bone. The scapula bone can be elevated with the thoracodorsal pedicle (tip), the circumflex scapular
pedicle (lateral border), or both. If additional bone is required, the serratus muscle and rib can be harvested
in conjunction with the flap. The latissimus dorsi can be utilized in conjunction with the scapula for added
versatility. Multiple combinations of chimeric components, adequate bone for the majority of midface
defects, and the predictable anatomy has resulted in the subscapular system being utilized with increasing
frequency for midface reconstruction"”.

The shape and natural contour of the scapula bone make it ideal for midface reconstruction, in particular,
the anterior maxillary face and alveolar ridge. The scapula can be used to recreate the orbital rim and nasal
aperture as well. The scapula tip has excellent morphologic consistency with the palate or orbital floor
(horizontally oriented), or the anterior maxillary face (vertically oriented)""; it can therefore be used for
reconstructions of the hard palate or the surface of the anterior maxillary wall. When orienting the scapular
tip in a horizontal plane, it is recommended that a plate be secured anterior to the remaining maxilla,
posterolateral to the remaining zygoma, and posteriorly to the remaining contralateral hard palate to
prevent inferior displacement of the scapula tip over time. When orienting the scapular tip in the vertical
position, the maxillary sinus requires obliteration with a soft tissue to prevent an oral-nasal fistula. 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 lateral orbital rim, the zygoma (lateral border), and the
anterior maxillary face (tip).

Adding to the versatility of the subscapular systems is the variety of soft tissue paddles that can be
incorporated. These include abundant soft tissue in the form of fasciocutaneous, myocutaneous, or
myofascial paddles. These soft tissue paddles can be used for complex volumetric reconstruction and allow
for the most ideal perforator orientation.

Dental implantation into the scapula free flap has been reported to have success rates as high as those found
with dental implantation into the fibula free flap"**. Historically, dental implants into the scapula have
been performed secondarily. Recently there are reports of immediate dental implantation into a scapula free
flap"®.

A disadvantage of the lateral border and subscapular circumflex system is the short pedicle length, which
may require vein grafts to achieve a tension-free anastomosis. The scapula tip and latissimus dorsi muscle
originate from the thoracodorsal system, and as such, can be harvested with a longer pedicle length. It has
been reported that the thoracodorsal system can be utilized to harvest up to 10 cm of lateral border of the
scapula, increasing the available pedicle length”. Using this technique, the angular artery is utilized to
supply the lateral border of the scapula as well as the scapular tip. While anatomic studies have
demonstrated only a short segment of the lateral border receiving its principal vascularity from the angular
artery, up to 74% of patients demonstrated evidence of bony union on imaging at one year postoperatively
using this technique”’. Additional critiques of the scapular flap include longer harvest times and patient
positioning intraoperatively, which can either be a prone (requiring repositioning and longer operative
duration) or a partial or tilted lateral decubitus position (allows for simultaneous harvest)"**.

TECHNICAL CONSIDERATIONS

To best utilize computer-assisted design, a fine-cut CT scan (one millimeter or less thickness) of the face
and donor site is optimal. The software then utilizes data from the patient imaging to create a 3D rendering.
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If outsourcing, the surgeon will conference with the engineer to plan the procedure. This allows for the
generation of patient-specific cutting guides and reconstructive plates. With the aid of cutting guides,
osteotomies with maximum points of bony contact can be planned. These patient-specific plates,
particularly for the midface, may be designed to have a stronger grade than plates that are traditionally bent
intraoperatively. Another advantage of custom plates is that engineers may assess the thickness of the donor
and recipient's bone to allow the planning of screw placements in areas with adequate bone thickness. This
improves the stability of the screws and reduces the likelihood of screw or plate extrusion in the future. VSP
and customizable plates also allow for the placement of hardware away from suture lines. This limits the
potential exposure of the hardware to bacteria which may weaken the incision line over time resulting in
potential fistula formation, hardware exposure, or hardware extrusion. While good results can be achieved
through freehand creation of osteotomies, several publications have found that there is improved bone to
bone contact accuracy when VSP is utilized™**.

During the design session, visualization in the three planes, and alignment to the native midface and donor
bone should be taken into consideration to ensure adequate contouring. Standard cutting guides used for
bone reconstruction are shaped to the bone to be harvested and secured directly to the donor bone
intraoperatively. This guides the cutting saw to divide the bone at appropriate angles. The scapula bone has
several muscular attachments along its border which are crucial for bone viability and make it less amenable
to cutting guides. To accommodate these muscle attachments, the guides can be designed such that they are
elevated at a distance away from the bone. In addition, a cutting guide can be designed to be used with
overlay technique. The overlay design can accommodate various thicknesses of muscle and allows the guide
to be used as a template that is held in place. The saw can be guided to follow along its surface to ensure
proper orientation and alignment.

Midface reconstructive examples can be seen in Figures 1-3. Figures 1 and 2 represent midface
reconstructions utilizing VSP. For comparison of accuracy and fit, a midface reconstruction that was
performed without VSP, due to a rapidly enlarging malignancy, is shown in Figure 3. Figures 1 and 2
demonstrate the use of the thin portion of scapula bone to create an orbital floor sling. The bone segment is
secured with mini plates that are bent at a 90-degree angle and attached to the portion of the scapula bone
to recreate the anterior maxillary face.

SECONDARY RECONSTRUCTION

VSP can be particularly advantageous in secondary reconstruction. VSP allows for the utilization of the
unaffected anatomical side as a mirror to create a template. This improves the surgeon's ability to achieve
the ideal projection and restoration of facial buttresses"”. In addition, the authors recommend
superimposing the donor bone segment during the planning session 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™****). However, at this time, there is not sufficient data to assess long-
term outcomes for midface reconstruction or to compare immediate and secondary implantations. The
benefits of immediate osseointegrated implantation have been cited as reduced time to dental rehabilitation,
with a known elevation of the upfront cost that is offset by the reduction in downstream cost associated
with secondary implantation”. Further research into dental restoration for patients undergoing complex
midface reconstruction is warranted.
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Figure 1. Total midface reconstruction following resection of a large neoplasm. VSP software rendering of neoplasm (red) and the
normal facial skeleton (tan) (A). VSP rendering of planned midface reconstruction with scapula bone (red) and custom plates (B, C).
V'SP rending of scapula bone with planned osteotomy sites (D). Postoperative 3-dimensional rendering of reconstruction (E, F). VSP:
Virtual surgical planning.

A Anatomical Model, Graft Site, Clear

Anatomical Model, Graft Site, Clear

Patient Specific Guide, Bone Graft

Harvesting

Patient Specific Guide. Midface

Figure 2. Left midface reconstruction following resection of a large neoplasm. Example of VSP donor site and midface cutting guides
and models (A). Anterior and posterior view of the left scapula bone (B). VSP software rendering of neoplasm (red) and the normal
facial skeleton (tan) with patient-specific cutting guides in place (C). VSP software rendering of the facial skeleton with planned scapula
bone reconstruction of the left anterior maxilla, orbital rim and zygoma (teal), and left orbital floor (purple) (D). Postoperative analysis
of reconstructive accuracy (E). 3-Dimensional rendering of postoperative imaging (F). Postoperative coronal CT scan view of the orbital
floor and midface reconstruction (G). VSP: Virtual surgical planning.

POSTOPERATIVE

For assessment of postoperative goals, software programs are available to compare preoperative and
postoperative imaging. These programs allow for simultaneous viewing of the imaging with overlay
graphics. The distance and desired projection of the donor tissue compared to the native can then be
measured". Postoperative imaging for assessing osteointegration of the recipient and donor bone interface
is reccommended at six-to-twelve months following reconstruction.
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Figure 3. Example of a left midface reconstruction without the aid of virtual surgical planning. Preoperative CT scan, coronal and axial
cuts, of midface neoplasm (A, B). 3-Dimensional (3D) rendering of the anterior facial skeleton and midface neoplasm (C) and
reconstruction with scapula bone (D). Inferior view of the 3D rendering of the midface neoplasm (E) and scapula reconstruction (F).
Lateral view of the 3D rendering of the midface neoplasm (G) and scapula reconstruction (H).

COMPARISONS: VSP VS. NON-VSP

There are limited publications directly comparing outcomes between VSP and non-VSP midface
reconstructions. No differences were found in the operative durations between the two cohorts"**.
Utilization of VSP resulted in a higher percentage of bone contact between donor and recipient bone
compared to the non-VSP cohort"™. On postoperative analysis, VSP improved restoration of the midface
subunits and resulted in a more accurate approximation with normal bone anatomy!*..

LIMITATIONS AND CRITIQUES

Current limitations and critiques of VSP include the need for multiple preoperative steps and
manipulations, the high cost of outsourcing, and extra healthcare expense. Planning sessions are often time-
intensive and may be disruptive and unfeasible for surgeons. Procedure-specific costs (hardware,
equipment, etcetera) have been estimated at $8000-10,000 for an outsourced VSP compared to $3000-3700
for the traditional approaches”?”. The VSP related cost may be justified if it was offset by reduced operative
times, complications, length of stay, and 30-day readmission rates”**. Further research is warranted in this
area to determine the true cost-benefit of VSP for midface reconstruction.

Given the numerous benefits of this technology, it would be advantageous for outsourcing companies to
make VSP more readily available and at a lower cost to surgeons. These provisions might allow for its more
seamless integration into clinical practice. Some surgeons prefer to utilize internal software and 3D printers
for planning and guides, which allows for less expensive options with a reduction in manufacturing
time!”*?). While more cost-effective, this method is more demanding of the surgeon’s time and requires
surgeon experience and comfort with the software. The internal systems typically allow for a 3D model to be
printed. The surgeon will then pre-bend plates to the model, versus the custom-made plates that are
available from third-party companies. The custom-made plates are typically stronger and designed to
maximize bony interfaces and screw placements.
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DISCUSSION

VSP is a compliment to the reconstructive plan and is best viewed as an additional tool for the
reconstructive surgeon to maximize functional outcome and limit operative time. The 3D modeling can be
utilized as an adjunct in complex maxillary reconstruction, improving the precision and accuracy of free
flap reconstructions***'*. For the midface, an area that is crucial both functionally and aesthetically,
millimeters can make profound differences in form and function. With VSP, bone reconstruction is planned
to maximize bone-to-bone interface and improve osseointegration. A mirror image of the unaffected side
can be used when there is significant distortion or destruction of the anatomy on the operative side to
model and act as a template. VSP is also valuable in calculating soft tissue volume loss to aid in flap design
and donor site selection. The 3D models can be available intraoperatively and are of particular use if ablative
margins differ from the original plan.

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. VSP may be a valuable aid to preoperatively assess anticipated defects and
subsequently evaluate the reconstructive needs. Common goals of surgical reconstruction of the midface
include support for the orbit and/or anterior skull base, prevention of oroantral or oronasal fistulas,
mirrored symmetry for an optimal cosmetic outcome, and soft tissue contouring, maintenance of oral
mastication, preservation of vision, and adequate soft tissue suspension. VSP improves the precision of
osteotomies and the efficacy of the reconstruction"®. Proponents of the utilization of VSP cite shorter
operative times, with the greatest reduction in operative times if VSP included the design and use of cutting
guides™.

The soft tissues overlying the midfacial skeleton are thin, making concealing bony asymmetry in the
reconstructed midface difficult. In addition, the thickness of the bone in this region makes robust
osseointegration challenging. 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, or hardware exposure.

Previous publications of midface reconstruction have found that utilization of VSP improved bone contact
between donor segments and the recipient's bone, and resulted in improved buttress restoration compared
to reconstructions that did not utilize VSP"**. On assessment of their postoperative imaging, the utilization
of VSP was associated with a reduction in the degree of deviation in greater than 80% of measurements.
This resulted in a higher percentage of bone contact between donor and recipient bone in patients
reconstructed with free flaps in the VSP cohort compared to the non-VSP cohort"®. The authors concluded
that the use of VSP improved restoration of the subunits for midface reconstruction, allowed for a more
0sl This technology
is particularly useful when the normal anatomy has been distorted by malignancy, prior surgery, trauma, or
is congenitally absent.

accurate approximation to the normal bone anatomy, and improved cosmetic outcomes

Free tissue transfers provide vascularized soft tissue and bone that is advantageous for reconstructing
complex midface defects. With an improved understanding of free tissue transfers, they have been used with
increasing frequency for midface reconstructions in the past two decades"". VSP is considered an adjunct to
midface reconstruction that has further improved our understanding of recipient and donor site anatomy
and their 3D interface. The advancement of VSP has allowed for further optimization as surgeons join with
engineers to utilize preoperative imaging with computer-aided design and manufacturing.
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