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Abstract

Introduction: Atrophic mandibular fractures are injuries found in old age due to facial trauma.
Its treatment is a challenge, even for experienced surgeons, due to the different approaches
that can be taken from clinical decisions. Taking into consideration the limitations that the age
presented by most of the affected patients brigs, there are devices that stand out by seeking
benefits in terms of predictability and time gain in the intraoperative period. The additive
manufacturing is a valuable resource in the surgical planning and rehabilitation of these
patients. Objective: To expose a clinical case that demonstrates the success in the use of
surgical planning through a prototype printed in 3D technology. Clinical case: Elderly
woman, 75 years old, victim of a fall from her own height who had a bilateral atrophic
mandible fracture due to facial trauma. The surgical procedure was planned using a prototype
printed in 3D technology providing predictability and reduced surgical time. The patient
evolved in the postoperative period without complaints, with function immediately restores
and without signs of infection or plate exposure. Conclusions: Atrophic mandible fractures
are still related to a challenging treatment, therefore, adequate surgical planning and the use of
auxiliary strategies such as 3D prototyping provide greater predictability of results, as well as
time gain during the intraoperative.

Keywords: Mandibular fractures; Edentulous; 3-Dimensional printings.

Resumo

Introducéo: As fraturas em mandibula atréfica sdo lesGes encontradas na terceira idade
decorrentes de traumas na face. O tratamento, mostra-se como um desafio, inclusive para
cirurgides experientes pelas diversas abordagens que podem ser realizadas a partir das
decisbes clinicas. Levando em consideragdes as limitacdes que a idade apresentada pela maior
parte dos pacientes acometidos traz, destacam-se artificios que visam beneficios quanto a
previsibilidade e ganha de tempo no transoperatorio. A manufatura aditiva € um recurso
valioso no planejamento operatério e reabilitacdo destes pacientes. Objetivo: Expor caso
clinico que demonstra o sucesso no uso do planejamento cirargico por meio de um protétipo
impresso em tecnologia 3D. Caso clinico: Idosa com 75 anos, vitima de queda da propria
altura que apresentou fratura de mandibula atréfica bilateral decorrente do trauma em face.
Teve seu procedimento cirargico planejado por meio de protétipo impresso em tecnologia 3D,
proporcionando previsibilidade e tempo cirdrgico reduzido. Paciente evoluiu no pdés-
operatdrio sem queixas, com funcgdo restabelecida de forma imediata e sem sinais de infeccéo

ou exposicao da placa. Conclusdes: As fraturas de mandibula atrofica ainda séo consideradas
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de tratamento desafiador, dessa forma, um planejamento cirdrgico adequado e o uso de
estratégias auxiliares como a prototipagem 3D proporcionam maior previsibilidade de
resultados, bem como, ganho de tempo no transoperatorio.

Palavras-chave: Fratura mandibular; Arcada edéntula; Impressédo em 3D.

Resumen

Introduccion: Las fracturas en la mandibula atréfica son lesiones que se encuentran en la
vejez por traumatismo facial. El tratamiento es un desafio, incluso para cirujanos
experimentados, debido a los diferentes enfoques que se pueden realizar en funcion de las
decisiones clinicas. Teniendo en cuenta las limitaciones que trae la edad que presenta la
mayoria de los pacientes afectados, existen dispositivos que buscan beneficios en cuanto a
previsibilidad y ganancia de tiempo durante la operacion. La fabricacion aditiva es un recurso
valioso en la planificacion operativa y la rehabilitacion de estos pacientes. Objetivo: Exponer
un caso clinico que demuestre el éxito en el uso de la planificacion quirtrgica a través de un
prototipo impreso en tecnologia 3D. Caso clinico: anciana de 75 afios, victima de una caida
desde su propia altura que presenta una fractura atréfica bilateral de mandibula por
traumatismo facial. Su procedimiento quirdrgico se planifico utilizando un prototipo impreso
en tecnologia 3D, proporcionando previsibilidad y reducido tiempo quirtrgico. El paciente
evolucion6 en el postoperatorio sin quejas, con la funcion inmediatamente restaurada y sin
signos de infeccion o exposicion a placa. Conclusiones: Las fracturas atréficas de mandibula
todavia se consideran un tratamiento desafiante, por lo que la planificacion quirtrgica
adecuada y el uso de estrategias auxiliares como el prototipado 3D brindan una mayor
predictibilidad de resultados, asi como un ahorro de tiempo durante la operacion.

Palabras clave: Fracturas mandibulares; Arcada edéntula; Impresién tridimensional.

1. Introduction

The edentulous mandible is more vulnerable to the occurrence of bone fractures,
through trauma, due to the decrease in volume resulting from a series of biological
mechanisms that cause the loss of the alveolar process. This phenomenon causes a
progressive atrophy in this bone, weakening it (Wittwer et al., 2006; Brucoli et al., 2019;
Maloney & Rutner, 2019).

The treatment of atrophic mandible fracture is considered challenging due to a number

of characteristics, among which, those stand out: the age of the patient, who is often elderly,
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with comorbidities associated with increased operative risks, compromised bone quality,
reduced osteogenesis and fragments with reduced contact area that hinder the healing process
(Wittwer et al., 2006; Shuker, 2015).

The open reduction of the fractures and the internal fixation are considered the gold
standard of treatment and the most predictable method of managing atrophic mandibular
fractures due to the benefits of recovering function immediately (Wittwer et al., 2006; Melo et
al., 2011). Usually this type of fracture is fixed with a 2.4 system plate that exhibits an
adequate mechanic resistance due to its thickness, this fact requires more time during the
modeling process (Mardones, 2011).

The incorporation of health technology through image exams, such as computed
tomography and magnetic resonance, allows the acquisition of images in three dimensions
that provide a view of anatomical regions, contributing to the correct diagnosis and
appropriate therapy for each patient (Liu et al., 2006; Rosa et al., 2004).

In recent years, Rapid Prototyping has demonstrated promise in helping medical and
dental professionals to plan and execute surgical procedures. This technology is characterized
by biomodels of human anatomy in 3D, created from the combination of the images obtained
and computer systems, Computer Aided Design (CAD) and Computer Aided Manufacturing
(CAM). Taking into account the area of actuation of Maxillofacial Surgery and
Traumatology, the Rapid Prototyping provides benefits for preoperative planning and
shortening surgery time (Safira et al., 2010).

The aging of the population turns the occurrence of this type of fracture an
increasingly common event, consequently, it is necessary that the surgeons are prepared to
make agile and satisfactory therapeutic decisions for the management of these patients. Thus,
a clinical case is presented, in which the use of health technology through obtaining 3D
prototyping was part of the planning process for the treatment of the atrophic mandible
fracture through pre-modeling the plate that was used for a stable fixation of the fractured

segments.

2. Methodology

This paper is characterized as descriptive observational case report. In the literature,
scientific articles were searched, taking into consideration the theme addressed for review and
support of the clinical case performed, through the Medline database, using PubMed and
LILACS as search devices.
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The use of a qualitative approach is emphasized, in which the researcher's perspective
Is important for interpretation taking into account his opinions about the studied phenomenon
(Pereira et al., 2018), thus, adding scientific and technological knowledge applied to conduct
clinic. It should be noted that the patient was aware of each treatment step, as well as, signed

the free and informed consent form (ICF).

3. Case Report

Female patient, 75 years old, leukoderma, taken to the Hospital of Emergency and
Trauma Dom Luiz Gonzaga Fernandes, in the city of Campina Grande, Paraiba, Brazil, by her
family members with main complaint of pain to eat after a trauma in the face due to a fall
from her own height. After being evaluated by General Surgery, with the release of this
specialty, she was referred for assistance with Maxillofacial Surgery and Traumatology. Upon
anamnesis, the patient reported a history of glaucoma, as well as pharmacologically controlled
arterial hypertension. On clinical examination, the presence of uneven bone stumps in the
right basilar was detected, as well as absence of limited mouth opening, ecchymosis in the left
mental/submandibular region, and preserved laterality and protrusion movements.

A tomographic examination was performed and revealed a bilateral fracture of the
atrophic mandible, located in the region of the right body and left parasymphysis, both with
beveled characteristics. The fracture on the left side presented greater displacement compared

to the one found on the contralateral side.




Figure 1 - 3D tomographic reconstruction in the preoperative period. Note the bilateral
mandible fracture with beveling and slight displacement present.

Source: Authors (2020).

The tomography images were saved in DICOM format (Digital Imaging and
Communications in Medicine) and sent to the Three-dimensional Technologies Laboratory
(LT3D) of the Strategic Technologies in Health Center, Unit 2, located at the Hospital of
Emergency and Trauma Dom Luiz Gonzaga Fernandes. In this Center, treatment procedures
and necessary adequations were realized to obtain the 3D printing of the biomodel by the
engineering team, using the STL (Stereolithography) process on the Form2 machines
(Formlabs ©), using Standard Gray Resin (photocurable polymer), with printing time of
5h45min and 3h of processing.

Considering the patient’s age, associated comorbidities and gain in intraoperative time,
the surgical planning was made in the biomodel. Osteotomies of the fractured regions were
performed for adequate reduction, taking into account the condylar position. For the ideal
alignment maintenance, cyanoacrylate was used.

In order to proceed with the mandibular reconstruction, a 2.4 system plate with 16
holes modeled from the prototype before the surgical procedure was selected, consequently, it
was possible to provide a favorable adaptation, the evaluation of the amount of screws that

were necessary for fixing the plate, as well as their distribution.
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Figure 2 - Prototyped model of fractured mandible with repositioned segment. A.
Reconstruction plate before modeling. B. Modeled plate. C, D: Plate adapted to the model

after modeling.

Source: Authors (2020).

Among the preoperative exams performed, including Hemogram, Coagulation test,
Urea, Creatinine and Fasting Glucose, all of them presented values within those considered
normal. The Degree of Cardiological Risk was defined as II, with the release of Cardiology
specialty for the surgical procedure.

The surgery was performed under general anesthesia, the approach started by extended
submandibular access for better visualization, anatomical reduction and fixation of the bone
fractures. The simplification of bone fractures was performed using a 2.0 system plate,
containing four holes, fixed with four screws in the right body basilar region and one screw
using the “Lag Screw” technique in the left parasymphysis region. The reconstruction was
made in the biomodel, with the pre-modeled 2.4 system plate, fixed using 12 bicortical screws
with the pre-programmed distribution, without the need for new modeling. The plate and
screws used for the simplification of the fractures were removed after fixing the

reconstruction plate. The closure was due to tissue plans using Vicryl 3.0 and Nylon 5.0.
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Figure 3 - Transoperative images. A: Submandibular access extended. B: Exposure of bone
fractures. C: Fracture reduction with the aid of 2.0 mm system plates and screws. D, E, F:

Front and profile view of the reconstruction plate adaptation in the atrophic mandible.

Source: Authors (2020).

In the postoperative period, the tomography performed demonstrated that the bone
reduction and fixation were performed favorably with the reconstruction plate respecting the
anatomical contour of the mandible. The patient evolved well, without associated complaints,
as well as with a satisfactory mouth opening and preserved laterality and protrusion

movements, with no signs of suture dehiscence or intraoral exposure of the fixation material.




Figure 4 - 3D tomographic reconstruction in the postoperative period. The good adaptation of
the plaque is emphasized, restoring the mandibular contour.

Source: Authors (2020).

Figure 5 - Front view photo of the patient. A: Preoperative showing ecchymosis in the left
parasphysis region and loss of mandibular contour. B: 7 days postoperative. C: 6 months
postoperative with restored form and function.

Source: Authors (2020).

4. Discussion

The atrophy is characterized when the vertical height of the mandible is 20 mm or less,

the weakening of this mandibular structure tends to occur due to decreased vascularization
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and blood flow with tooth loss (Barber, 2001).

A study carried out in Russia (Pankratov & Melkumova, 2000) demonstrated that the
occurrence of fractures in the elderly population occurs about 1.5 times more in edentulous
patients than in those with toothed segments, being directly related to the fragility that affects
the mandible in the process of physiological resorption of the alveolar ridge.

The most common etiology of mandibular fractures in elderly people was a fall in
several studies in the literature (Nishiike et al., 2002; Brucoli et al., 2019; Melo et al., 2011),
as well as how occurred with the patient of this case. Studies indicate that with adequate
preparation and management, open surgical techniques regain function and bring immediate
benefits to patients (Marciani, 2001; Wittwer et al., 2006; Melo et al., 2011).

Brucoli et al. (2019) conducted a study in which the average age of patients who had
an atrophic mandible fracture was 75 years old. Studies highlight, considering the average age
of patients, the presence of a high percentage of subjects with reports of one or more
comorbidities (Brucoli et al., 2019; Maloney & Rutner, 2019; Castro-Nufiez et al., 2018).
These characteristics are in common with the patient in the case described.

In the study conducted by Melo et al. (2011), 41,17% of the patients had bilateral
mandible fracture. The most affected region was the mandibular body, followed by the
parasymphysis region. Corroborating the described tomographic findings.

In Luhr class I jaws (where the thickness of the bone is less than 10 mm), the
prominence of the chin, together with the dramatically thinner body and parasympathetic
regions, determine a change in the biomechanics of mandibular fractures: in this case, the
body and the parasymphysis become the most frequent regions of fractures (Brucoli et al.,
2019). This information brought from the literature corroborates with the profile of the
fractures that occurred with the treated patient, the thickness of the atrophic mandible was 8
mm, being characterized as a Luhr class I1l.

The extraoral approach during the surgical approach avoids the complete periosteal
removal of the mandible, thus reducing risks related to infection or exposure of plates
(Hachleitner et al., 2014; Brucoli et al., 2020). Still, in Luhr class Ill, the inferior alveolar
nerve is found in the most superior part of the alveolar crest, hindering an intraoral approach
(Brucoli et al., 2020). The risk of damage to the facial nerve is a negative factor mentioned in
the literature, as a consequence of the extraoral approach (Aziz & Najjar, 2009), however,
there was no damage to it during the extraoral approach.

The AO principles in the treatment of atrophic mandible fracture recommend the

reduction of the fracture and the immediate restoration of function, indicating that they should
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be seen as a typical load bearing situation, in which, after the reduction, they must be
stabilized with a 2.4 system reconstruction plate that shows greater resistance during the
modeling process (Brucoli et al., 2020). Based on these principles, this system was used for
the mandibular reconstruction.

Computed Tomography provides the images in a file format known as DICOM, this
file is converted and its images are processed in specific programs for the STL format
(Stereolithography), which consist of a set of 3D data responsible to form the prototype
printed using the CAM system on specific printers (Sugar et al., 2004).

In surgeries that require a detailed planning, as well as a prediction of the
results, as in the case of pathological lesions that cause structural bone weakness (Castro-
Nufiez et al., 2018), atrophic mandible fracture (Shuker, 2015), in implantology (Zhou et al.,
2012), prototyping can be used. This tool has a great value in anatomical measurement, in the
simulation of fracture reduction, osteotomies, resection techniques, assisting in the complete
surgical planning (Kupfer et al., 2016).

Taking into account the advanced age of most patients who have atrophic mandible
fractures, as well as the existence of associated comorbidities, the benefits provided by the use
of biomodels should be considered for management. Among these benefits are surgery time
interval shortening, consequently, the reduction of the period of the patient staying under
general anesthesia and the risk of infection (Brito et al., 2016). Still, Maloney & Rutner
(2019) emphasize the more precise adaptation of the plate to the bone anatomy of the
mandible, compared to when the modeling is performed during the intraoperative period.

Martelli et al. (2016), in his systematic review where he analyzed 158 articles on
topics related to the use of additive manufacturing technology in surgical procedures, between
2005 to 2015, highlighted the benefits related to its application as being: the multiple
possibilities in preoperative planning, the anatomical precision that the biomodels provide and
the reduced surgical time. These benefits are also emphasized during the conduction and
explanation of the case.

The modeling of the plate used in the fixation allowed by the preparation of the
biomodel in the preoperative period, also performed in other similar studies (Kupfer et al.,
2016; Brito et al., 2016; Castro-Nufiez et al., 2018; Maloney & Rutner, 2019), reduced the
surgical time in approximately one hour.
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5. Conclusion

Obtaining biomodels through additive manufacturing have great importance in the
health area, with an emphasis on Maxillofacial Surgery and Traumatology, as demonstrated in
this study. When there is an opportunity for the surgeon to use this tool, he provides benefits
for the patient that range from the predictability of the procedure, reduction in surgical time,
as well as an immediate recovery of function, especially in cases of patients with atrophic
mandible fracture. Thus, the use of health technology devices is encouraged when available,

such as prototyping, in order to reestablish the patient’s health and well-being state.
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