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The advent of virtual surgical planning (VSP) and 
the capability to manufacture patient-specific 
osteosynthesis plates have been noteworthy high-

lights of modern craniofacial surgery.1,2 Following onco-
logic ablation or major trauma to the facial architecture, 
well-adapted plates are essential to achieve segment sta-
bility, dental occlusion, and correct spatial position dur-
ing reconstruction. The creation of custom plates has 
been shown to streamline the surgical process, reduc-
ing energy, effort, and operative time while obtaining a 
more accurate result.3,4 Despite increasing popularity in 
mandibular reconstruction,3 reports of custom plating in 
midface reconstruction remain sparse.4,5 Complex defects 
involving multiple tissue components make for challeng-
ing reconstructions, which may be made more feasible 

through custom plate technology. Here, we present a 
series of 3 consecutively enrolled patients who underwent 
complex midface reconstruction with osteocutaneous free 
fibula flaps, facilitated through the use of custom 3-dimen-
sional (3D) laser-sintered titanium plates.

CASE SERIES
Plate Design and Surgical Technique

Preoperatively, all patients underwent VSP and design 
of the bony construct, osteotomy guides, and custom 
osteosynthesis plates (Stryker, Kalamazoo, Mich.). First, 
patients underwent maxillofacial computerized tomogra-
phy imaging from which a 3D model of the facial architec-
ture was generated. These images were transferred to D2P 
software (3D Systems, Rock Hill, S.C.) for VSP. Through 
VSP, prefabricated low-profile titanium plates were 
designed based on each patient’s unique anatomy, with 
each screw hole and strut designed to engage the thickest 
portions of bones, allowing for anatomic reconstruction 
of the maxilla with planned placement of dental implants.

On the day of surgery, all 3 patients underwent osteo-
cutaneous free fibula flap harvest through standard 
technique.6 Fibular osteotomies were performed utiliz-
ing the designed cutting guides. The custom-printed 
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Summary: Virtual surgical planning and patient-specific osteosynthesis plates 
provide reconstructive surgeons with the ability to proceed with facial recon-
struction of expanding complexity. Moreover, these advances have been shown 
to reduce the energy, effort, and operating time while helping guide the surgeon 
toward anatomically correct results. The currently available literature regarding 
custom-milled plates pertains mostly to reconstructive surgery of the mandible. 
This small 3-patient series illustrates the use of patient-specific titanium plating 
to simplify complex reconstruction of the midface. Composite defects requiring 
multiple bony and soft tissue segments are difficult to reconstruct intraopera-
tively without prior planning. Custom plates and associated cutting guides based 
on patient-specific anatomy allow for a more streamlined, stepwise protocol for 
assembly of intricate constructs. Custom-manufactured hardware will precisely fit 
bony contours and minimize additional manipulation of both the bone and plate, 
maximally preserving internal strength and allowing for improved stability, den-
tal occlusion, and spatial positioning. In addition to these mechanical benefits, 
the ease of mind and overall cost reduction through a reduction in procedural 
time are significant advantages offered by pre-designed plates. We hope that this 
series illustrates the value of custom-printed plates for midface reconstruction. 
(Plast Reconstr Surg Glob Open 2021;9:e3555; doi: 10.1097/GOX.0000000000003555; 
Published online 23 April 2021.)
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plates were then used to stablize the construct before 
inset and fixation into the individual bony defect. All 3 
patients were found to have accurate bony reconstruc-
tive outcomes at 2, 6, and 9 months follow-up, respec-
tively. All patients provided written consent for inclusion 
in this report.

Patient 1
A 61-year-old man with Schneiderian papilloma was 

treated with left hemimaxillectomy. A 3-segment fibula 
construct was designed for reconstruction of the left hemi-
maxilla and nasomaxillary butress, along with a pedicled 
skin paddle for intraoral coverage, and separate pedicled 
facial flap for intranasal lining to cover a costal cartilage 
dorsal strut graft. A single 1.0-mm-thick custom plate with 
18 holes was used to precisely secure all segments with 1.7-
mm self-tapping monocortical screws before anchoring to 
the midface (Fig. 1). The patient was discharged without 
complication.

Patient 2
A 50-year-old woman suffered a self-inflicted gun-

shot wound to the face, resulting in massive defects to 
the mandible, frontal sinus, bilateral orbits, zygomatico-
maxillary complexes, mandible, and maxilla consistent 
with LeFort II fracture pattern. The fibula was divided 
into 2 separate free flaps: a single-segment flap for the 
mandible, and a 2-segment flap for reconstruction of 

the left hemimaxilla that were secured using a 1.2-mm-
thick custom midface plate with eleven screws (Fig. 2). 
The postoperative period was complicated by a minor 
intraoral dehiscence of the skin paddle, and she has 
since undergone additional iliac bone grafting to the 
orbital floor.

Patient 3
A 25-year-old man underwent infrastructure maxillec-

tomy of an Ewing’s sarcoma of the right nasal cavity and 
posterolateral hard palate. A single fibular segment was 
used for reconstruction of the posterior maxilla. VSP was 
used to design a 1.0-mm-thick custom titanium midface 
plate with eleven screws to secure the bony construct, and 
to simultaneously place osseointegrated implant posts 
at the time of his reconstruction (Fig.  3). Postoperative 
course was uncomplicated.

DISCUSSION
Custom plate technology offers several benefits com-

pared with traditional premade plates. By designing 
the plates in conjunction with the free fibula construct, 
the surgeon can be confident that the construct will be 
accurately assembled as envisioned.5 As the plates are 
designed for the individual patient’s anatomy, these low-
profile plates should fit precisely and prevent unplanned 
surgical manipulation. The ability to position screw 

Fig. 1. a 61-year-old man with complex composite midface defect secondary to remote ablative procedure and radiation. a, VsP was used 
to design a 3-segment fibula flap and patient-specific laser-sintered titanium plate with 18 predesigned screw holes optimally placed to 
fixate the construct to the right hemimaxilla and left zygoma. B, Postoperative 3-dimensional computerized tomography model showing 
the installed construct and final hardware.
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holes exactly where desired allows for reinforcement in 
areas such as the maxillary buttresses to support load 
bearing structures, and significantly fewer screws are 
ultimately required. Additionally, this technology allows 
the surgeon to save both energy and time in the operat-
ing room by negating the need to shape standard plates. 
One technique that has previously been demonstrated 
to help improve efficiency with this process is the pre-
operative bending of standard plates based on virtually 
generated stereolithographic models.7 However, bend-
ing also induces metal fatigue, making the plates more 
likely to fracture or loosen screws following masticatory 
loading.4 As such, the design of patient-specific plates 
optimizes both the surgical procedure and construct 
integrity.

Only recently have 3D-printed titanium plates become 
available. Previous custom plates were milled from a solid 
block of titanium, and were used almost exclusively in 
mandible reconstruction due to thickness; 3D printing 
involves the laser sintering of titanium powder to form 
a single metal construct.2,5 As printing is additive rather 
than subtractive, it can offer greater freedom of shape, 

accuracy, speed, and can help cut cost; our plates can be 
manufactured in 7 business days. Although not measured 
empirically, we typically spend about 1 hour in the plan-
ning session but save an estimated 2 hours in the operat-
ing room.

Literature elaborating on the use of custom titanium 
plating in the midface remains scarce. Melville et al were 
among the first to report the use of a 3D-printed titanium 
plate for a large maxillary defect.5 Concurrently, Yang 
et al prospectively assessed the effectiveness of custom-
printed titanium plates for both mandible and maxillary 
reconstruction, concluding that the process was simplified 
and accurate.4 Others have reported on the use of custom 
milled plates for midface reconstruction, including LeFort 
I advancement,8 subscapular flap-based reconstruction,9 
and orbital floor reconstruction.10

Despite a paucity of large case series, these accounts, 
in conjunction with ours, illustrate how custom plating 
can amplify the sophistication of complex reconstruc-
tive solutions. Ultimately, patient-specific plates promote 
a streamlined, accurate, and more rapid reconstructive 
process.

Fig. 2. a 50-year-old woman with composite tissue defects of both the maxilla and mandible secondary 
to self-inflicted gunshot wound. Image from VsP that demonstrates the planned fibula constructs for 
simultaneous maxillary and mandibular reconstruction, and patient-specific design of laser-sintered 
titanium midface plate and prefabricated custom osteotomy guide. Notably, predictive marking holes 
indicate the relationship between the final and original fibula segments, facilitating easy assembly of 
the constructs.
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Fig. 3. a 25-year-old man with partial maxillary defect secondary to 
prior resection of ewing’s sarcoma. Postoperative 3-dimensional Ct 
image demonstrates the inset fibula construct and patient-specific 
laser-sintered titanium plates. the patient also underwent immedi-
ate placement of osseointegrated implant posts for future dental 
restoration. Here, the ability of individualized custom plates to pre-
cisely fit areas of contour is well demonstrated.
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