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1 |  INTRODUCTION

Mandibular reconstruction after trauma or pathology is one 
of the cornerstones of oral and maxillofacial surgery.1 This 
reconstruction is needed in cases with a large amount of bone 
loss, comminute fractures, severe traumas, and infections 
leading to multiple bone sequestrations.2

In the case of infections of the bone, different risk factors 
may enhance the speed in which the bone is lost, such as age, 

sex, poor oral hygiene, comorbidities (diabetes, hyperlipemia, 
autoimmune diseases), and drug abuse (cocaine, cannabi-
noid, tobacco smoking, hepatic cirrhosis due alcoholism).3- 8

The four basic principles of successful reconstruction are 
(a) establish an ideal orthognathic relationship; (b) a flush 
bone to graft/flap contact; (c) stable bony fixation; and (d) 
adequate, well- vascularized soft tissue coverage.1

To achieve the previously established principles, the 
maxillofacial literature describes different surgical treatment 
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Abstract
Mandibular reconstructions are complex clinical pictures that require careful plan-
ning for functional and aesthetic outcomes. Virtual surgical planning and 3D printing 
are ideal to achieve a predictable result. Through “hybrid techniques” (prebending 
plates with 3D- models) and free software, this goal is within reach for clinics with 
limited financial resources.

K E Y W O R D S

computer- assisted surgery, iliac crest bone graft, mandibular reconstruction, osteomyelitis, surgical 
guide, virtual planning

www.wileyonlinelibrary.com/journal/ccr3
https://orcid.org/0000-0002-1211-1256
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gserandour@uach.cl


2 of 10 |   BARREDA HALE Et AL.

plans. One temporary option is the use of external fixation 
of the mandible. It is considered a closed reduction type and 
provides semirigid fixation for fractured segments.2 One of 
its main advantages is to minimize the possible complica-
tions when compared to open surgical treatment for reduction 
and stabilization of fractures.9

Sometimes, the fractured bone contact cannot be achieved 
due to the level of damage. In such cases, grafts may work 
as a bridge to achieve fusion. Oral reconstruction is a diffi-
cult task because of the anatomical, functional, and aesthetic 
aspects that must be considered in the surgery. Autogenous 
bone is the only graft material that possesses osteoconduc-
tive, osteo- inductive, and osteogenic potential.2- 10

This kind of surgical treatment is widely performed in 
cases such as that reviewed in this case study. Technology 
has allowed maxillofacial dentists to improve surgical pro-
cesses over the last few years.1 Virtual surgical planning, 
computer- aided manufacturing, and 3D printing give the sur-
geon multiple advantages such as mirroring the anatomy of 
the unaffected side, planning osteotomies, manipulating bony 
segments, fabricating surgical resection guides, and creating 
reconstruction plates.1

This case study reports a jaw reconstruction in a 52- year- old 
male patient after a previous surgical reconstruction due to 

trauma that led to a case of osteomyelitis with severe bone 
loss on the body of the mandible.

2 |  CASE HISTORY

In July 2018, a 51- year- old male patient was referred to the 
Department of Oral & Maxillofacial Surgery of the Salvador 
Hospital, Santiago, Chile. In the clinical history, the patient 
did not present any comorbidities or prescribed drugs; how-
ever, a long history of substance abuse such as alcohol, co-
caine, cannabinoids, crack, and tobacco was present. With 
regard to his surgical history, in 2016 the patient suffered a 
mandible fracture which was surgically fixated.

When he arrived at the Salvador Hospital, he presented 
an active submandibular cutaneous fistula and left devia-
tion of the jaw. Intraorally, poor hygiene, severe maxillo- 
mandibular discrepancy, and malocclusion were found. 
Both posterior crossbite and the dental midline deviation 
were on the left side due to a shortening of the mandibu-
lar body in the premolar area. In maximal intercuspation, 
only left posterior molars were in contact (Figure 1A- E). A 
computed tomography (CT) was requested, where an ex-
tended bone loss was observed around the left canine and 

F I G U R E  1  A- C, Patient on admission, extraoral view. D- E, Intraoral view of the patient with osteomyelitis associated to mandibular fracture
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molars. Also, a nonfixated plate could be seen in the same 
area (Figure 2A- C).

The diagnosis was a suppurative osteomyelitis that 
went from the left mandibular canine to the second molar 
of the same side. An extensive surgical cleaning, together 
with the extraction of the affected bone, teeth, and plate 
were performed. Two new reconstruction plates, 2.0 and 
2.4 profile (Trauma One, ZimmerBiomet. Santiago, Chile), 
were used to stabilize the remaining mandibular segments 
(Figure 3A- C).

The patient returned in August 2019 complaining of man-
dibular pain. He reported self- removal of a loose metallic 
fragment inside his oral cavity. The patient presented a loos-
ened reconstruction plate that had broken through the oral 
mucosa and the skin of the chin. In addition, alteration of 
the mandibular dynamics was observed, caused by a lack of 
stabilization between the remaining mandibular fragments. 

(Figure 4A- B) A new CT showed that only the distal part of 
the broken 2.0 plate remained and only the posterior part of 
the 2.4 plate was fixed to the bone. Loss in the contour of the 
mandible was evidenced both clinically and radiographically. 
(Figure 4C- D).

Due to the extensive bone loss, instability of the mandible, 
and acute symptoms of the patient, it was decided to remove 
both reconstruction plates, perform surgical cleaning and 
placement of four external fixations for two months (Kanhui, 
Empresa Tecnomedical, Santiago, Chile). Two external fix-
ations were placed in the mandibular body of the unaffected 
side and the remaining two in the left side, more specifically 
in the condyle and ramus. (Figure 5A- B).

During these two months, a three- dimensional model 
of the patient's cranium (including maxilla) and mandible 
was manufactured to preform a 2.4 surgical plate (Kanhui, 
Empresa Tecnomedical, Santiago, Chile).

F I G U R E  2  A- C, Computed tomography on admission, with bone loss of the left mandibular body

(A) (B) (C)

F I G U R E  3  A- C, First surgery postoperative computed tomography, with reconstruction plates

(A) (B) (C)
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The process of preparing the 3D model for surgical prepa-
ration involved the following steps: Converting a DICOM file 
into an STL file, preparing the STL file for printing and then 
3D print and postprocess the model.

Starting with the DICOM file, the authors used the free 
access software 3DSlicer version 4.10.2 to segment the 
image in its individual parts. Manual segmentation, which 
is labor intensive, is commonly used for defining the region 
of interest from the original CT volume by using a slice- 
by- slice approach. Several automatic and semiautomatic 
segmentation methods have been proposed, among them 
thresholding to replace manual segmentation and reduce 
image processing time. This approach is used here with a 

threshold range of 100- 2700 (Figure 6) to virtually remove 
metallic artifacts (external fixators), bone marrow, and ver-
tebras present in the original image. Although, this approach 
is simple, it allows for a rapid elimination of most artifacts. 
The remaining parts of interest (cranium, mandible, teeth) 
are then exported as three- dimensional surfaces in the STL 
file format.

Further manipulation of the .stl file is made using the 
free to use Autodesk ® MeshMixer™ program. MeshMixer 
allows for the manual removal of some residual artifacts. 
Additionally, the bone anatomy of the unaffected side was 
copied and mirrored to allow for a virtual reconstruction of 
the bone defect in which the affected ramus was mesially 

F I G U R E  4  A- B, Patient after 1 year 
of first surgery, intra-  and extraoral view. 
C- D, Computed tomography with broken 
2.0 plate and lack of anterior fixation of the 
2.4 plate

(A) (B)

(C) (D)

F I G U R E  5  A- B, Postoperative view 
with external fixations

(A) (B)
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repositioned into the glenoid fossa and segments were modi-
fied to re- establish the dental midline (Figure 7A- C).

The physical 3D model was printed using a Form 2 printer 
(Formlabs, Somerville- Massachusetts, USA), and so required 
that the prepared STL file was exported to the FormLABS 
PreForm software to prepare for printing. The 3D model was 
made using standard Formlabs white resin with a 0.1mm layer 
height. The print took 35 hours to be completed, and it was then 
washed and cured before being used to preform the surgical 
plate. The washing and curing process were done in Formlabs 
Wash and Cure equipment allowing for a fully automatized 
postprocessing. The physical 3D model was then handed in to 
the surgical team for preforming of the surgical plate.

Following the virtual surgical planning, the patient was 
hospitalized and prepared for surgery. Both procedures, ante-
rior iliac crest graft removal and the mandibular reconstruc-
tion, were performed in one operatory step. (Figure 8A) For 
the mandible reconstruction, skin incisions in the base of the 
mandible and osteomyocutaneous flaps were made to expose 
the remaining mandibular bone. Limited resection of the ir-
regular bony margins of the defect was made to provide an 
optimal graft- mandible interface. (Figure  8B). The already 
preformed surgical plate was placed and fixed in sequence 
for optimal adaptation. (Figure  8C). The preformed iliac 
crest graft combined with Adbone TCP 3 -  4 mm particulate 
Xenograft (Kanhui, Empresa Tecnomedical, Santiago, Chile) 

F I G U R E  6  3D Slicer segmentation 
threshold range
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was placed in the defect and fixed to the plaque with pins 
located 1.5 cm apart from each other (Figure 8D- E).

After the surgery, the patient stayed in the hospital 10 days, 
maintaining a strict hygiene of the skin in the postoperative 
period and pharmaceutical therapy of 600 mg Clindamycin 
each 8 h and 1 g Ceftriaxone every 24 h, both intravenous 
for the first 4 days and only 300 mg oral Clindamycin every 

8  h for the next 14  days. He was called for a control two 
weeks after leaving the hospital, but he did not attend and 
returned after 3  months instead, where a clinical examina-
tion was performed, and a control CT was requested. In the 
extraoral examination, there was still some residual postsur-
gical inflammation; nevertheless, there was a decrease in the 
inflammation that caused facial asymmetry, in addition to 

F I G U R E  7  A- C, Computer- assisted planning. D- I, Epoxy resin 3D Printing model, extraoral preformation of the surgical plate
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the scar, and the soft tissues were healthy and aesthetically 
adequate (Figure  9A- B). Intraorally, no signs of periodon-
tal disease, halitosis, erythema, or suppuration were found, 
the oral mucosa was healthy, symmetrical dental midline, 
Angle's molar Class I with Class I canine relationship in the 
right side was achieved (Figure 9C- D). The mandibular dy-
namic was asymptomatic with acceptable mandibular range 
movement and suitable oral functions according to the pa-
tient. Regarding the control CT, the graft was successfully 
preserved, and the plaque maintained the proper mandibular 
arch relationship. (Figure 10A- D).

3 |  DISCUSSION

In any type of bone trauma and fracture, there are different 
factors that must be considered for a successful intervention. 
In mandibular fractures, the reconstruction must be focused 
to maximize function and to produce an aesthetically pleas-
ing appearance following primary or secondary surgery.2- 11

Particularly in this case, the first surgical approach was 
not successful, deriving in a case of Osteomyelitis with un-
comfortable symptoms and complications for the patient and 
requiring further surgical process. Postsurgical osteomyelitis 

of the mandible is rare and appears to affect more men than 
women. The caseload of jaw osteomyelitis seems to have de-
creased considerably over the last fifty years thanks to the 
progress made in the field of oral hygiene, the appearance 
and use of antibiotics, and early screening.12

In this case, the patient had multiple risk factors for man-
dibular fracture which should have been identified to prevent 
the later osteomyelitis. One of them was the smoking habit. 
Research shows that smoking may have detrimental effects 
on the skeletal system, leading to lower bone mass and min-
eral density. Furthermore, smokers submitted to orthopedic 
surgery have an increased risk of delayed fracture healing, 
complications (eg, infections and nonunion fractures), and 
longer hospital stays.8 In addition, the patient had alcohol 
induced hepatic cirrhosis that tends to deteriorate both tra-
becular and cortical bone microarchitecture increasing the 
susceptibility to low- trauma fractures. The cannabinoid and 
cocaine abuse must also be emphasized. Studies have shown 
that the central nervous system, including neurons and glial 
cells, plays an important role in regulating bone metabolism 
and therefore in the pathology of osteoporosis through can-
nabinoid receptors (CB1 and CB2), which are involved in 
pain modulation.6 Cocaine causes both local anesthesia and 
vasoconstriction. The vasoconstriction may lead to necrosis, 

F I G U R E  8  A, Nonvascularized iliac crest graft. B, First approach of the final surgery. C, Preformed reconstruction plate fixed to the 
mandibular segments. D- E, Nonvascularized iliac crest graft with xenograft fixed to the plate

(A) (B) (C)

(D) (E)
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F I G U R E  9  A- B, 3- month control after 
final surgery, extraoral view. C- D, 3- month 
control after final surgery, intraoral view

(A) (B)

(C) (D)

F I G U R E  1 0  A- B, 3 months after final 
surgery, control CT. C- D, 5 months after 
final surgery, isolated mandible

(A) (B)

(C)
(D)
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chemical irritation, mechanical trauma, bacterial infection, 
immunosuppression, and osteoblast inhibition. The combi-
nation of decreased oxygen tension, inflammation, irritation, 
and open wounds creates an ideal environment for infection 
with common.4- 13

The abuse of multiple drugs and the presence of comor-
bidities in this case may have increased the susceptibility of 
the patient to the osteomyelitis after his first intervention and 
later poor osseointegration of the surgical plates after the sec-
ond surgery.

In this case, a two- step surgery with external fixations 
was chosen, due to the conditions in which the patient ar-
rived at the Hospital. The research on the field of external 
fixations shows that the main indications for its use are large 
bone loss caused by tumor resections, infections leading 
to multiple bone sequestration, comminution, and severe 
trauma with substance loss.2- 14 In cases such as this, where 
large bone defects are present, a first approach with internal 
fixation surgery has an inherent high risk of nonunion and 
infections. The aim of the external fixators is to maintain the 
best patient anatomy and reduce pain, before they can benefit 
from optimal secondary reconstructive surgical procedure.14 
It must also be considered that, because of the general na-
ture and severity of the mandibular fractures treated by ex-
ternal fixation, a high complication rate of up to 35% has 
been reported. Postoperative infections, cellulitis around the 
pins, nonunions, malocclusions, and pin loosening are poten-
tially frequent with this fixation technique. External fixation 
remains a quick, safe, and simple method to treat mandible 
fractures in selected clinical situations.15

Recently, computer- assisted navigation technology 
has become common in many medical fields. Its advan-
tages include improvements in the accuracy of maxillo-
facial bone surgery, avoiding injury to vital structures, 
shortening of the operation time, reducing flap ischemia 
duration, and is cost- effective, despite the expensive tech-
nology.1,15,16 Maxillofacial reconstructive surgery requires 
a high standard of surgical precision. Dimensional errors 
are low in 3D printing, with discrepancies between STL 
models and 3D- printed models typically smaller than an 
imaging voxel (< 1 mm), being highly accurate in the sur-
gical planification, compared with conventional surgery.16 
Also, computer- assisted surgery (CAS) offers the ability to 
plan osteotomies, mirror the unaffected mandible, evalu-
ate the bone plate relationships for positioning of dental 
implants, create surgical resection guides, and fabricate 
patient- specific reconstruction plates.1- 16 The mandibular 
reconstruction surgery assisted by virtual planning and 3D 
printing is highly predicable over time.17 New technolo-
gies are widely spreading in the surgical planning field 
due to the successful outcomes reported by the literature. 
Furthermore, free software is now appearing, giving clinics 

with limited financial resources the chance to use this 
technology.18

In cases of large bone loss such as the one seen in this 
case report, the use of VSP and CAS could be beneficial for 
predictive outcomes and high standard aesthetics and func-
tionality in the maxillofacial area.

The nonvascularized iliac crest graft was chosen for this 
case for multiple reasons. The main reason being the se-
vere compromises of blood vessels due to previous surger-
ies, restricting the chances of a successful anastomosis in a 
vascularized graft.10- 19 In this case, the facial skin envelope 
and soft tissue volume was preserved, so no soft tissue graft 
was needed.1 Given the size of the bone loss (6cm), the iliac 
crest graft was used because of the high success rate in less 
than 7cm defects, presentation of a high- quality bone bulk, 
large amounts of bone marrow, and resemblance with the 
curved lateral surface of the mandible.10 Iliac crest donor 
site can be the first choice in isolated, short segment bone 
defects of mandible without soft tissue defect, which are 
resulted from trauma or tumor resection.10- 19 Also, nonvas-
cularized iliac crest bone grafts used to reconstruct defects 
of 7 cm or less have an 83% success rate.1 In future cases 
like this one, it would be recommended to prepare a virtual 
bone block that could be later produced by a 3D printer to 
use as a surgical guide during the bone harvesting. It could 
be very helpful to achieve an ideal graft form and size to 
adapt to the defect.

In conclusion, multiple factors can be extrapolated from 
this case such as habits, comorbidities, and personal adhe-
sion to therapy may be important in the prognosis of the final 
treatment. External fixations could be a good intermediate 
alternative for patients that require complex surgery, which 
may be previously planned due to virtual surgical planning 
with 3D printing. It is worth remembering, when evaluat-
ing the final outcomes of this case, that due to the compli-
cations and the difficult management of this patient with 
severe substance, abuse history did not allow for more that 
very short- term follow- up of the procedure. Nevertheless, the 
aforementioned, in conjunction with the correct graft choice, 
could aid a predictable, aesthetically and functionally suc-
cessful treatment. Through "hybrid techniques" (prebending 
of standard plates with 3D- models) and inexpensive software 
& hardware packages, this goal is now within reach for clin-
ics with limited financial resources.
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