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With improvements in software and more readily available 3-
day imaging, virtual surgical planning (VSP) is being more
commonly used in oral and maxillofacial surgeries. This
includes orthognathic surgery,1 maxillary and mandibular
reconstruction with microvascular free flaps,2,3 total tempor-
omandibular joint reconstruction,4,5 craniofacial surgery,6

mandibular fracture repair,7andplacementofdental implants.8

Surgical management of atrophic edentulous mandible
fractures is one of the most challenging facial bone fractures
to treat. Healing is often compromised due to the sclerotic
quality of the bone, minimal bony contact at fracture sites,
and decreased blood supply.9–11 Because of this, some have
recommended autogenous bone grafting or using bone
morphogenetic protein (BMP) at the time of fracture treat-
ment to encourage bony union.12–14 With minimal bone
volume and strength available, load-bearing rigid internal
fixation is necessary for reconstruction.14,15 The reduction
and stabilization can be quite challenging as a heavy recon-
struction plate is required; however, there is minimal bone

available for plate adaptation and screw fixation. In addition,
without maxillomandibular fixation being possible, fracture
reduction and stabilization during fixation can be challen-
ging.Wehave found that VSP prior to surgery can be valuable
in treating these patients. Plate adaptation can be accom-
plished prior to surgery and can be used to aid in reduction of
fractures at the time of surgery.

Case Presentation

We present two cases of elderly patients with multiple
comorbidities that were successfully treatedwithmandibular
reconstruction plates fabricated prior to surgery using VSP.

Case 1
A 69-year-old woman had a fall 1 week prior to presentation
while walking with her dog. She experiencedworsening face
and jaw pain and eventually presented to her primary
medical doctor who ordered plain films and diagnosed her
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Abstract Mandibular fractures are a common injury encountered by facial trauma surgeons. A
majority of these cases are in dentate patients and can predictably be treated with
several different open or closed techniques. Edentulous mandible fractures can be
challenging as maxillomandibular fixation, either as the sole treatment or used for
fracture reduction and stabilization prior to internal fixation, is not possible. The
atrophic edentulous mandible fracture poses an even greater challenge, as there is
more sclerotic bone present and less bone volume for bony contact, both of which can
impair healing. In addition, with less bone mass, available plate adaptation and fixation
are difficult. In recent years, virtual surgical planning (VSP) has been increasingly used
in craniofacial and maxillofacial surgeries as well as in dentistry. Utilizing VSP to
fabricate the necessary hardware prior to open reduction and internal fixation of
atrophic edentulous mandible fractures can be helpful in treating these cases. Two
cases where this method was used are presented.
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with amandible fracture. She then self-referred herself to the
authors for evaluation. Her past medical history was sig-
nificant for chronic obstructive pulmonary disorder,
hypothyroidism, hypercholesterolemia, anxiety, and depres-
sion. She stated that she recently quit smoking. Her dental
history was significant for extraction of all upper and all
lower teeth when she was in her 20s. On examination, she
had moderate bruising of her neck bilaterally and submental
area. Her intraoral mucosa was intact. A cone beam com-
puted tomography (CBCT) was performed which showed
bilateral mandibular body fractures aswell as severe atrophy
of the mandible, with the height of the mandible less than
4 mmat the fracture sites (►Fig. 1). Utilizing the DICOMdata
from the CBCT VSP was used utilizing Depuy Synthes/Mate-
rialise PROPLAN CMF. A 3-d image of the fractured mandible

was constructed and the fracture was virtually reduced
(►Figs. 2 and 3). Stereolithographic models of the fractured
and reduced mandible were fabricated and a bending tem-
plate was adapted over the reduced mandible model and a
2.5 reconstruction plate was subsequently bent according to
the template/model (►Fig. 4).

An extended submandibular approach was used and the
mandiblewas exposed from angle to angle. The prebent plate
was utilized to aid in the alignment of the segments and
multiple bicortical locking screws were used (►Fig. 5).
Multiple small fragments of bonewere removed, the fracture
sites were then debrided, and allograft (DBX Demineralized
Bone Matrix–Musculoskeletal Transplant Foundation, Edi-
son, NJ) was placed into the fracture sites. Layered closure
was then performed (►Fig. 6). A postoperative panoramic

Fig. 1 Cone beam computed tomography reconstruction showing atrophic mandible with bilateral body fractures.

Fig. 2 PROPLAN workup showing 3-d reconstruction of fractured mandible.
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radiograph showed good reduction of the fractures, intact
hardware, and good plate adaptation (►Fig. 7). The patient
was discharged on postoperative day 1. She was seen at 2
weeks and 6 months postoperatively and her injury healed
well without complications.

Case 2
An 81-year-old woman had a fall and was diagnosed with a
nondisplaced left mandible fracture. She was unsuccessfully
treated with a soft diet by another oral and maxillofacial
surgeon and upon repeat imaging had displacement of her

fracture. Shewas then referred to the authors formanagement
of her injury. Her past medical history was significant for
systemic lupuserythematosus (SLE),nephritis, anda right lung
mass, for which she refused workup. A CBCTwas takenwhich
showedadisplaced fracture of the leftmandibular body (►Fig.

8). VSP was again arranged using PRO PLAN. The fracture was
virtually reduced and a patient-specific 2.0 mm reconstruc-
tion platewas fabricated (►Figs. 9–11). The patient was taken

Fig. 3 PROPLAN workup showing reduced mandible fractures.

Fig. 4 Bending template adapted over stereolithographic model of
reduced mandible. Fig. 5 Intraoperative photo of prebent hardware fixation.
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to operating roomanda submandibular approachwasused for
exposure of the left mandible. The reconstruction plate was
applied after reduction and debridement of the fracture site
and secured with bicortical locking screws (►Fig. 12). The
incision was closed in layered fashion. The patient was dis-
charged home the same day. A postoperative panoramic
radiograph showed adequate reduction of the fracture
(►Fig. 13). She went on to heal well without complication
and was last seen at 6 months postsurgery.

Discussion

In the authors’ opinion, the advantage of using VSP prior to
open reduction and internal fixation (ORIF) of edentulous
atrophic mandible fractures is twofold. The first being the
reduction in surgical time and duration of general anesthesia,
as these patients are often elderlywithmultiple comorbidities
and are at higher risk for complications related to general
anesthesia.16 The second being themore precise adaptation of
the hardware to the bony topography of the mandible versus
when plate adaptation is performed intraoperatively.

Prior to Luhr et al’s classification of atrophic mandible
fractures in 96, there was no standardization for what was
considered an atrophic fracture and all edentulous fractures
may have been considered atrophic.11 He classified atrophic

edentulous fractures according to bone height at the fracture
sites, where class I was 16 to 20 mm, class II 11 to 15 mm,
and class III less than 10 mm.11 Wittwer et al recommended
that themore atrophic themandible, the greater rigidity that
should be used for fixationwith regard to class II and class III
fractures and noted an increase in complications with frac-
tures in class III mandibles.17

Much controversy has existed for years in terms ofwhether
ORIF (open techniques) or closed reduction (closed techni-
ques)was themore appropriate and predictable treatment for
these fractures. Many modalities have been successfully used
to treat edentulousmandible fractures suchasgunning splints,
wires, external fixation, and miniplates.18–20 Closed techni-
ques were preferred by some in the past with the rationale
being themaintenance of blood supply to the fractures, which
was thought to be compromised with open techniques.9,10,21

However, many now recommend ORIF as the preferred tech-
nique in treating atrophicedentulousmandible fractures,with
the load-bearing locking reconstruction plate being the most
appropriate implant.11,21,22

As with most other fractures, good anatomic reduction
and rigid fixation is required, this is especially crucial with
atrophic edentulous mandible fractures as these have a high
incidence of osteomyelitis and nonunion.23–25 A 20% inci-
dence of nonunion has been reported in treating these types
of fractures according to Bruce and Strachan.23 However,
Bruce and Ellis reported a decrease to 12.6% years later.24

Because of the high nonunion rate, some have advocated
grafting of autogenous bone or bone morphogenic protein at
the time of reconstruction to more predictably achieve a

Fig. 6 Intraoperative photo of closed neck incision.

Fig. 7 Postoperative panoramic radiograph post open reduction and internal fixation of mandible fracture. Fracture is reduced well, and
hardware is intact with excellent adaptation.

Fig. 8 Case 2 after unsuccessful treatment of left atrophic mandible
fracture with soft diet.
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bony union.12,14,26 Tiwana et al recommended autogenous
bone grafting at the time of surgery to encourage bony union
and state that autogenous grafting leaves little chance of
nonunion or malunion and if patients desire they can receive
dental implants.12 Castro-Núñez et al reported two cases in
which bone morphogenic proteins with tricalcium phos-
phate were used at the time of surgery in cases where

autogenous bone harvesting was not possible.13 Van Sickels
and Cunningham have reported on using a reconstruction
plate only at the inferior border of the mandible in class III
and class II patients and one case of a class III with less than
5 mm of bone treated with the inferior border reconstruc-
tion plate and the addition of bone morphogenic protein for
its osteogenic activity.14

Fig. 9 PROPLAN 3-day reconstruction of mandible fracture.

Fig. 10 PROPLAN 3-day reconstruction after reduction of fracture.
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There are no randomized controlled studies to determine
the most appropriate method to treat atrophic edentulous
mandible fractures. Future research can investigate the
difference in surgical time of utilizing VSP versus plate
bending intraoperatively. In addition, a cost analysis of the
two methods should be performed. Randomized studies are
also needed to determine if autogenous grafting, allograft, or
BMP increases the incidence of union versus rigid fixation
alone. The literature is limited to case reports12–14,21,26 and
different surgeons’ protocols on what is the best treatment;

however, no controlled randomized studies exist where all
variables are controlled for.

The two cases illustrate how VSP prior to ORIF of edentu-
lous atrophic mandible fractures can be a helpful tool. Both
cases are Luhr class III. In the first case, a patient-specific
custom plate was not utilized since the authors felt that the
production time necessary was not worth waiting when a
prebent plate could be prepared in less time and had similar
benefits as the patient specific milled plate. In the second
case, the patient had to undergo medical evaluation prior to
surgery so the time necessary for the patient-specific plate
production was not a factor. Both patients went on to heal
well without complications. Both cases illustrate the benefit
of using VSP preoperatively and having the hardware imme-
diately available at the time of exposure of the fractures and
can be considered in the preoperative workup of atrophic
edentulous mandible fractures.
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