
Virtual Surgical Planning for the Management of
Severe Atrophic Mandible Fractures
Jaime Castro-Núñez, DMD1,2 Jared M. Shelton, DMD1 Susan Snyder, DMD1 Joseph Van Sickels, DDS1

1Division of Oral and Maxillofacial Surgery, University of Kentucky,
Lexington, Kentucky

2 Institución Universitaria Colegios de Colombia. Bogotá, Colombia

Craniomaxillofac Trauma Reconstruction 2018;11:150–156.

Address for correspondence Jaime Castro-Núñez, DMD, Division of
Oral and Maxillofacial Surgery, University of Kentucky, 800 Rose St.,
Lexington, KY 40506 (e-mail: jacastron@hotmail.com).

Virtual surgical planning (VSP) is a tool which uses computed
tomographic (CT) scans that can be translated into stereolitho-
graphic models facilitating intraoperative management of
patients.1 The implementation of this technology has allowed
surgeons to plan and execute complex cases in a more precise
fashion with the added benefit of decreasing surgical time.2

Currently, maxillofacial use of VSP includes orthognathic
surgery, mandibular and maxillary defects in need of recon-
struction with free flaps, and complex trauma.2–8 As this
technology is intended to facilitate the reconstruction of
bizarre craniomaxillofacial injuries or defects, the native tis-
sues are usually malpositioned, injured, compromised by
multiple surgeries, absent, irradiated, or severely atrophied.9

The repair/reconstruction of severe atrophic mandible
fractures (SAMF) in an elderly population presents a signifi-
cant challenge because the tridimensional loss of bone limits
accurate anatomic reduction. Loss of teeth and anatomical
references complicate management and in addition, these
patients frequently have comorbidities that occur with the
aging process.10

Techniques that have been employed to treat atrophic
mandible fractures include splints, external pins, and rigid
fixation with and without grafting.10–12 Although VSP has
been reported in orthognathic surgery, complex trauma, and
reconstructive surgery, currently there is a minimal docu-
mentation of its use in elderly patients with SAMF. The
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Abstract Severely atrophic mandible fractures are frequently a challenge to treat. Virtual
surgical planning (VSP) uses three-dimensional computed tomographic (CT) scans
that can be translated into stereolithographic models to fabricate surgical templates,
facilitating intraoperative procedures. The purpose of this article is to describe the
reconstruction of two cases of severe atrophic mandible fracture using VSP. Two
elderly edentulous/partially dentate patients who presented with fractures of their
mandibles and who underwent reconstruction using VSP were included. Both had
Class III atrophy at the region of the fracture. While both fractures were complex, the
mechanism of injury differed with one being a tractor accident and the other being a
pathologic fracture. Both patients presented with critical medical conditions. CT scans
were obtained on both. The displaced segments were aligned virtually using mirror
images and the midline of the maxilla. Three-dimensional models were fabricated to
allow preoperative contouring of 2.5-mm reconstruction plates. Patients were operat-
ed under general anesthesia and fractures reduced and stabilized with 2.5-mm
reconstruction plates placed at the lateral border of the mandible. Average treatment
time for both patients was a little over 2 hours. There was good reduction with both.
VSP is a valuable tool to assess and reduce complex fractures with less surgical time
and predictable results.
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purpose of this article is to describe the repair/reconstruc-
tion of two patients with SAMF using VSP.

Patients and Methods

Two elderly patients with severely atrophic edentulous/
partially dentate mandible fractures which were severely
displaced with several co-moieties were included in this
review. As a case study of two patients, this review was
classified as exempt by the University of Kentucky Institu-
tional Review Board (IRB).

Case 1
A 72-year-old male patient involved in a roll over tractor
accident presented to an outside hospital where he was
intubated. Injuries included right upper extremity degloving
injury and multiple unstable cervical spine injuries of ante-
rior and posterior columns requiring fusion of C5–T1. It was
elected by the spine service not to fuse C2 to allow him
rotation of his neck. A CT scan revealed bilateral intracap-
sular condylar head fractures, a left comminuted mandible
fracture, and complex nasal fracture (►Fig. 1a–c). Addition-
ally, he had a transverse body fracture of C2 and C5 through
T1. The patient was transferred to the University of Kentucky
for further management.

Owing to the significant injury to the anterior and poste-
rior column of the cervical spine, a fusion was performed of
C5–T1. Prior to surgery, he was kept in a cervical spine collar.
To minimize the time in the operating room (OR) and
manipulation of the displaced, atrophic mandible, his initial
CT scans were used to fabricate a model to facilitate the
correction of the complex mandible fracture. Turnaround
time was 5 days. Using three-dimensional (3D) software for
VSP (Materialize, Plymouth, MI), the midline of the larger
segment of themandiblewas alignedwith themidline of the
maxilla (►Fig. 2a, b). A mirror image was created using the
opposing uninjured mandibular body (►Fig. 3a, b). A stereo-
lithographic model was fabricated facilitating the preopera-
tive bending of a 2.5-mm reconstruction plate, based on the
virtually planned model (►Fig. 4). The plate was contoured
to the model the evening before surgery.

As both condylar head fractures were very high (at or
within the capsule), the most important part of his postsur-
gical therapy was function. Later, when he was fully alert
following surgery, he was kept on a soft mechanical diet and
physical therapy with range of motion exercises instituted.
He had good mouth opening and range of motion despite the
intracapsular fractures.

In the OR, the oral endotracheal tube was switched out
with a bougie atraumatically. In-line stabilization of his c-
spine was completed with tape over the forehead secured to
the operating table and 1 L “sand bags” placed on either side
of his neck. Themandibular body fracturewas exposed using
an apron neck incision. Then, a temporary inferior border
plate was used to align the segments. The prefabricated
reconstruction plate was then placed with four bicortical
screws placed in the proximal and distal segments leaving
four additional holes over the area of commination (►Fig. 5).

The temporary plate placed at the inferior border was
removed. His function was observed and it was noted that
his mandible moved freely. Neurologic checks postopera-
tively showed no change. The total time from the start of the
incision to closure of the wounds was 2 hours and 30
minutes.

Case 2
A 70-year-old female patient presented as an outpatient for
definitive treatment of her pathologic mandibular fracture,
orocutaneous fistula, and chronic osteomyelitis. Clinically,
she had a draining orocutaneous fistula in the submental
region which communicated intraorally at the left lingual

Fig. 1 (a) 3D preoperative CT reconstruction of the injury from a
three-fourths view. Note the intracapsular head fracture on the left.
(b) Submental vertex view showing displacement and comminution.
(c) Axial CT showing comminution. As the maxillary fracture was
minimally displaced, the authors believed that any discrepancies
would be resolved with an eventual prosthesis.
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border of themandible. The leftmandibular bodywasmobile
and her chinwas deviated 2 cm to the left. She had a severely
atrophied mandible in the area of the fracture with poor
remaining dentition. A cone beam computed tomography
(CBCT) was obtained. The approximate defect was measured
at 4 to 5 cm in the left body (►Fig. 6).

The patient’smedical history includes chronic obstructive
pulmonary disease (COPD), mitral valve prolapse, coronary
artery disease (CAD), anxiety, depression, gait disturbance,
malnutrition, and gastroesophageal reflux disease (GERD).
She has a demand pacemaker in place. Her mandible had
fractured following removal of a carious infected bicuspid.
Her referral was delayed for 6 months while she was treated
for osteomyelitis. She had a peripherally inserted central
catheter (PICC) line and was undergoing 12 weeks of intra-
venous (IV) daptomycin and ertapenem. Upon finishing 12
weeks of IV antibiotic therapy, she was placed on oral
bactrim and augmentin until surgery.

Owing to the comorbidities and her difficulty ambulation,
it was felt that she would be at high risk for an autogenous
hip graft and the associated increased time under general
anesthesia. It was decided to debride her mandible and
simultaneously reconstruct it with a locking reconstruction

Fig. 3 (a) A mirror image as seen from frontal. (b) Mirror image as
seen from submental vertex.

Fig. 4 Plate contoured to mandible.

Fig. 2 (a) Preoperative submental image prior to manipulation. (b)
Midline of mandible aligned with midline of the maxilla.
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plate with placement of an alloplastic graft to replace the
bone defect.

Prior to surgery, VSP was implemented to plan the proce-
dure (Materialize, Plymouth, MI). A CBCT was obtained.
Similar to the previous case, the midline of the major
segment was aligned with the midline of the maxilla
(►Fig. 7a, b). The displaced smaller segment was placed in
the glenoid fossa and the inferior borders were aligned. A
mirror image of the unaffected right side of themandiblewas
then superimposed. The area of lytic bonewas outlined and a
modelwas fabricated. A 2.5-mm locking reconstruction plate
was prebent according to the 3D model using the mirror
imagemodelwith enough length to span the area that would
be reconstructed (►Fig. 8).

In the OR, a left-sided transcervical approach was per-
formed to the left mandible with a fistulectomy. The tissue
surrounding the fistula was friable probably due to the long
time that it has been present. In addition, there were frag-
ments of devitalized bone present when the wound was
opened. The fistula was excised and included into the
incision.

Debridement of thefibrous callous and aminimal amount
of bonewas removed. The soft-tissue scarswere released and
the bony segments were placed near their normal position
and the prefabricated 2.5-mm locking reconstruction plate
was applied (►Fig. 9). The dissection was subperiosteal due
to the need to debride the bone. While Luhr’s principle of
supraperiosteal dissection and its use in atrophic mandible
fractures was discussed prior to surgery, it was felt that
it would be difficult to achieve it with devitalized bone

fragments present and the need to immediately graft the
area due to the continuity defect. The bony defect was
replaced with an alloplastic material and a mixture of BMP
and β-tricalcium phosphate. The tissue was undermined to
allow for soft-tissue coverage over the plate. Postoperative
images showgood restoration of the segments (►Fig. 10a, b).
The total time of the procedure was 2 hours and 26 minutes.

Fig. 7 (a) Displacement of the jaw prior to manipulation. (b)
Alignment of the midline of the mandible with the maxilla revealing
the large defect on the jaw lateral border.

Fig. 8 Model made from mirror image with defect filled in.

Fig. 5 Postoperative 3D submental vertex view with plate in place.

Fig. 6 Pathologic fracture with displacement of the minor segment.
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Discussion

The primary objective of this article was to describe the
reconstruction of SAMF using VSP. To accomplish such aim,
the authors reviewed and presented two patients seen at the
University of Kentucky. They were both treated without
intraoperative or postoperative complications. From the

operative standpoint, VSP fulfilled the proposed goals of
reducing surgical time and guiding the realignment of dis-
placed, atrophic mandibular bone segments with precision
and predictability.

Bone resorption in edentulous alveolar processes is a
chronic, progressive, and irreversible condition occurring in
all individuals following the loss of the dentition.13 Hence, as
the geriatric population continues to increasewith a concomi-
tant loss of teeth, surgeons are more likely to see fractures of
the atrophic edentulous mandible.14–16 To better understand
the biological process taking place in mandibular atrophy and
to allow for improved treatment plans, several classification
methods have beenpresented to classify the degree of atrophy
of partially or fully edentulous mandibles.17–23

In 1996, Luhr et al24 classified the atrophic mandible in to
Class I, Class II, and Class III, according to the degree of
atrophy (►Fig. 11). Both of our patients were classified as
Class III atrophy at the site of the injury. As with previous
studies, the group of Luhr et al noted that more severely
atrophic mandible fractures had a higher incidence of com-
plications.24 In 2010, Van Sickels and Cunninghampresented
their results with Class II and III atrophic mandible fractures
using prefabricated reconstruction plates placed at the infe-
rior border of themandible.10 Plates were contoured prior to
surgery on stock plastic models and modified in the OR to
account for differences in anatomy. VSP was not used in their
study, but the authors felt that operative timewas decreased
with having the plates contoured prior to being in the OR.

Using VSPmodels and contouring the plates on an exact or
nearly exactmodel of the patient wasmore accurate than our
previous research and also greatly decreased operating time.
As with our preceding work, we believe that large load-
bearing plates are necessary to treat patients with atrophic
mandible fractures.10,12 Decreasing surgical time in patients
with concomitant medical concerns should not be ignored.
This was, in fact, a major consideration in both of our cases,
where there were pulmonary and cardiac issues. Scott felt
that a prudent surgical team must put in perspective such
systemic conditions to avoid further complications, as un-
dergoing general anesthesia in the geriatric patient is a risk
factor by itself, with morbidity occurring four times more
often in older patients than in younger patients.25

Fig. 10 (a) Frontal radiograph showing alignment of the mandible.
(b) Panoramic radiograph with plate in place and alloplastic material
present.

Fig. 11 Classification of the atrophic mandible by Luhr et al.24

Drawing by Glenna Castro.
Fig. 9 Intraoperative initial placement of the plate.
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Our second patient not only had a prebent plate fabricated
off of a mirror image model but an alloplastic material was
also used to reconstruct her 4.0-cm defect on the lateral
aspect of mandible. While controversial, given her comor-
bidities, it was considered prudent to avoid the morbidity of
a second surgical site and to further compromise her ability
to ambulate.While dental implantsmay be considered in the
future, the goal was to reconstruct a continuity fracture
defect in a medically compromised patient who had a
problem for 9 months.

Mandibular fractures are often associated with trauma
and are more frequently seen in young men. They represent
20 to 60% of all facial fractures. Accidents usually account for
a higher percentage of the causative factor.26–29 This demo-
graphic features usually change in an elderly population,
where an atrophic mandible predisposed the mandible to
fracture with more minor insults. The etiology of the frac-
tures differs in our two patients, one a relatively high-energy
roll over tractor injury and the second a delayed fracture
secondary to an extraction of a pathologic tooth.

Treatment modalities for atrophic mandible fractures
include observation, closed reduction, Gunning splits, exter-
nal pix fixation, and open reduction and internal fixation
(ORIF) with titanium mesh, locking miniplate, or 2.4-recon-
struction plate. It has been customary at our institution to
use large load-bearing 2.5-mm reconstruction plates to
provide primary stability and allow the patient to return
to immediate function.30 In both cases presented in this
article, we described the use of 2.5-mm locking reconstruc-
tion plates being bent to a prefabricated model.

Conclusion

The management of SAMF is challenging and the literature
supports the concept that treatment decisions should con-
tinue to be based on the clinician’s previous experience.31

Nevertheless, newer technology, such as VSP, can improve
the outcomes and decrease the time in the OR. In SAMF with
severe displacement of the segments or large defects, VSP
allows mirror imaging, allowing the alignment of segments
and the replacement of missing parts. While other research
has reported the use of VSP in facial trauma,2,8,32 there are
few studies that describe the use of VSP in SAMF.9,33 We
agree with the results seen by these authors that VSP assists
the surgeon to better plan and execute ORIF in SAMF,
employing less surgical time with predictable results and
reestablishing mandibular alignment, shape, and projection.
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