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ESUMO

Objetivo: avaliar a movimentagdo da regido vestibular do processo alveolar de um incisivo
superior traumatizado comparado a regido adjacente utilizando modelo artificial mimetizando a
regido maxilar anterior com o objetivo de identificar o efeito das diferentes rigidezes de contencdes

dentarias.

Material e Métodos: um modelo de incisivos centrais e laterais superiores foi criado utilizando
resina e poliestireno, incisivos bovinos e com simula¢do do ligamento periodontal. O processo
alveolar fraturado foi criado mantendo o osso vestibular em contato apenas com o ligamento
periodontal simulado. 4 fios de espessuras diferentes (0,3; 0,6; 0,9 e 1,2 mm de didmetro) foram
criados e comparados a modelos sem conten¢do e a medigdo ocorreu na area fraturada e na area
intacta (n=5). A movimentag¢do do processo alveolar fraturado foi medida (3 vezes por modelo/por
tipo de conten¢do) na regido fratura e na regido intacta adjacente utilizando um deflectometro
(Instron) sob a mimetiza¢do de um ciclo mastigatdrio (100N) na regido palatinas dos incisivos. Os
resultados da movimentag¢do (um) foram analisados pelo Teste Two-Way ANOVA seguido por

teste de Tukey HSD (0=0.05).

Resultado: a movimentagdo do processo alveolar intacto ndo foi influenciada pelo tipo de
contencdo e se manteve constante durante todo ciclo de carga (p>0,05). O modelo sem contencao
demonstrou um significante aumento da movimentagdo do processo alveolar fraturado quando
comparado aos modelos com algum tipo de contengao (p<0,001). Aumentando o diametro do fio
utilizado na contencdo de 0,3mm para 0,9mm demostrou uma significativa diminui¢do da
movimentagao na regido fraturada (p<0,001). Contudo, ndo houve diferenca entre os modelos com
os fios 0,9mm e 1,2mm. As contengdes com o fio de 0,9mm (p=0,123) e 1,2mm (p=0,123) se

mostraram similares em relacdo a movimentac¢ao na regiao de alvéolo intacto.
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Conclusio: a rigidez da contengd@o influenciou significativamente a movimentacdo da regido de
alvéolo fraturado. O uso de contengdes com fio de 0,9mm de diametro foi eficiente na redugdo da
movimentagdo do processo alveolar fraturado, onde a movimentacao foi proxima a do processo

alveolar intacto.

Palavras-Chaves: traumatismo dentario, fixagdo de fratura, movimentagdo, ancoragem dentaria,

rigidez
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Abstract

Aim: measure the displacement of the alveolar buccal bone of a fractured region when it is

compared to an intact region using an in vitro model with four teeth aiming observe the effect of
the rigidity of a dental trauma splint

Materials and Methods: to mimic a maxilla, four bovine incisors were placed in a plastic model
made of polystyrene resin. To simulate the periodontal ligament (PDL), polyether was used. The
fracture was designed in the model covering one tooth and the fractured bone was adhered to the
model by the simulated PDL. The splints were created with four wires in different diameters (0.3,
0.6, 0.9 and 1.2mm). Models without splints were also tested. The measure of the displacement in
the fractured region and in the intact region was made 3 times by a deflectometer (Instron) under a
dynamic cycle with 100N on central incisor palatines. Data of the displacement were advised in
micrometers and analyzed using Analyze of Variance followed by Tukey Test (a=0.05)

Results: in relation to the intact alveolar process, the displacement in all situations of dental trauma
splint were not different between them (P>0.05). The higher displacement found was in the without
splint model and it was different of all other situations (P<0.001). When the diameter was
increased, the displacement had been decreased (P<0.001). Dental trauma splints made with 0.9
and 1.2mm showed no difference (P=0.123).

Conclusions: dental splint rigidity has shown influence on the fractured alveolar process mobility.
The use of 0.9 mm and 1.2mm wire showed to be efficient to reduce the fractured alveolar process

displacement when compared with the intact alveolar process.

KEYWORDS: dental trauma, fractured alveolar process, alveolar displacement, dental trauma

splint
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ntroducao e Referencial teorico

1. INTRODUCAO E REFERENCIAL TEORICO

De acordo com a Organizagdo Mundial de Saude, o traumatismo dentoalveolar esta
configurado entre os principais problemas de saude publica em todo o mundo, assim como a doenga
carie e o cancer bucal (Petersen et al., 2005). De fato, alguns estudos apontam que na populacao
infantil o traumatismo dental se apresenta como o problema de satide oral mais severo, j& que ¢
observado um declinio na prevaléncia de caries dentarias em vdrios paises (Changing patterns of
oral health and implications for oral health manpower: Part I. Report of a Working Group convened

jointly by the Federation Dentaire Internationale and the World Health Organisation, 1985).

O traumatismo dentoalveolar (TDA) ¢ bastante frequente na sociedade. Em escala mundial,
cerca de 85% das emergéncias odontoldgicas estao relacionadas aos TDA (Petti e al, 2018). Cerca
de 5% dos traumatismos afetam diretamente a regido oral, mesmo que esta represente 1% da area
total do corpo (Petersson et al, 1997). Os acidentes automobilisticos, juntamente com o aumento
da violéncia e praticas desportivas sdo os maiores responsaveis pelos casos de traumatismo

dentoalveolar, que hoje, € considerado um problema de satide publica (Silva-Oliveira ef al, 2017)

Ha diversos tipos de traumatismos que afetam a cavidade bucal, dentre eles estdo a fratura
alveolar e a luxacdo lateral. Elas afetam cerca de 5,5% da populagdo que sofre traumatismo
dentoalveolar. Essas duas situagdes se assemelham no que diz respeito a fratura do osso alveolar,
que ocorre nas duas situagdes (DiAngelis ef al, 2012). Normalmente, sdo resultados de traumas
graves na regido da face, como acidentes automobilisticos, de motocicleta e, at¢é mesmo por
agressao (Toprak et al, 2014). A fratura do osso alveolar pode causar diversos prejuizos ao
paciente, podendo levar a perda do elemento dentario. A instabilidade do osso fraturado gera dor,
desconforto ao paciente, interferéncias oclusais, além da reabsorcdo da regido fraturada

(Gutmacher Z et al, 2017)
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O guia para tratamento de traumatismos dentoalveolares escrito pela International
Academy of Dental Traumatology (IADT) recomenda a utilizagdo de contengdes dentarias para
ambas as situacdes. Para as fraturas alveolares propriamente ditas, o tratamento deve ser o uso de
contengoes por 3-4 semanas. Ja para as luxacdes laterais, o recomendado ¢ instalagao de contengdes
semi-rigidas (Diangelis et al, 2016). Contudo, a utilizagdo de contengdes rigidas para tratamento
de traumatismos que envolvem fraturas alveolares demonstra melhores resultados quando

comparadas as contengdes semi-rigidas (Kahler B ef al, 2016).

Uma vez indicada a contengdo rigida, para os casos que envolvam fraturas alveolares, ndo
ha consenso sobre quais materiais devem ser utilizados na construgdo desse aparelho (Berthold et
al, 2012; Franz et al, 2013). Fios ortodonticos constituidos de diferentes ligas metélicas foram
descritos como possibilidades para constru¢do de conten¢ao rigidas (Franz et al 2013; Berthold et
al 2011; Berthold et al, 2009). Outros materiais como a fibra de quartzo também tem sido descrito
como possibilidade na constru¢do de uma contencao rigida (Berthold et al, 2012). Para ambos os

materiais, o didmetro da peca utilizada foi significativo para a rigidez.

A mastigacdo é um processo dindmico, onde as forcas oclusais se dissipam entre as
estruturas de suporte dentério, tais como o ligamento periodontal e o osso alveolar (Lin et al, 2017),
portanto ¢ fundamental que a conten¢do se matenha estavel frente a este desafio. Desta forma, o
sistema adesivo e a resina composta a serem utilizados devem apresentar propriedades mecanicas
adequadas a esta finalidade para que, assim, suportem os ciclos mastigatorios do paciente sem o

colapso das regides de adesdo da resina ao esmalte dentario ou ao fio utilizado (Burcak ef a/, 2006).

Baseado na dificuldade clinica da qual apresenta o estudo dos traumatismos dentoalveolares
quem envolvem fraturas ésseas, a utilizacdo de modelos artificiais em estudo in vitro se mostram
como um meio eficiente nestes casos (Berthold ef al, 2012; Franz et al, 2013; Clark et al, 2019).
Estudos in vitro possibilitam a mensuracdo de propriedade mecanicas dos materiais envolvidos,
pois € possivel controlar as varidveis aplicadas ao sistema testado. Em testes que avaliam a rigidez
de contengdes, a medicao desta propriedade pode ser realizada pelo deslocamento do préprio
fragmento fraturado ou pelo deslocamento do(s) dente(s) envolvidos na fratura (Franz ef al, 2013)
e também em ensaios estaticos ou dinamicos (Berthold ez al, 2011), sendo os testes dindmicos mais
fidedignos as situagdes clinicas, uma vez que a mastigacdo ¢ um processo dindmico (Lin et al,

2017).
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Portanto, o objetivo deste estudo ¢ testar a influéncia de diferentes espessuras de fios
ortodonticos na rigidez da contencdo dentaria utilizadas em traumas que envolvam fraturas
alveolares, comparando o deslocamento de um osso alveolar fraturado com um osso alveolar

intacto adjascente, frente a um desafio mastigatério dindmico e ciclico.
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1. CAPITULO1

ARTIGO

Fractured alveolar process displacement evaluation — effect of rigidity of wire-composite splints

*Artigo a ser enviado para o peridodico Dental Traumatology

18



Fractured alveolar process displacement evaluation — effect of rigidity of wire-composite splints

Jodo Lucas Carvalho Paz!, Carlos José Soares?, Jessica Ferreira Rodrigues®, Guilherme Aratjo de

Almeida®, Priscilla Barbosa Ferreira Soares®.

' DDS, MS, Department of Periodontology and Implantology, School of Dentistry, Federal
University of Uberlandia, Minas Gerais, Brazil.

2 DDS, MS, PhD, Professor and Chair, Department of Operative Dentistry and Dental Materials,
School of Dentistry, Federal University of Uberlandia, Minas Gerais, Brazil.

3DDS student, Department of Periodontology and Implantology, School of Dentistry, Federal
University of Uberlandia, Minas Gerais, Brazil.

‘DDS, MS, PhD, Professor, Department of Orthodontics and Pediatric Dentistry, School of
Dentistry, Federal University of Uberlandia, Minas Gerais, Brazil.

SDDS, MS, PhD, Professor, Department of Periodontology and Implantology, School of Dentistry,

Federal University of Uberlandia, Minas Gerais, Brazil.
Running title: Effect of rigidity of wire-composite splints
Keywords: dental trauma, Fractured alveolar process, displacement, wire-composite splint,

rigidity.

Corresponding author:

Priscilla Barbosa Ferreira Soares,

Department of Periodontology and Implantology,

Dental Trauma Service - Federal University of Uberlandia,

Av Paré 1720, Bloco 2B, Campus Umuarama, Uberlandia, MG 38400-902, Brazil.

E-mail address: pbfsoares@yahoo.com.br

19



Aim: evaluate the alveolar buccal bone displacement at region of traumatized incisor compared
with region of the adjacent central incisor using simulated model of anterior maxilla in order to
identify the effect of different rigidity of wire-composite splints.

Materials and Methods: a model of the maxillary central and lateral incisors was created using
polystyrene resin and bovine incisors simulating periodontal ligament (PDL). The alveolar process
fracture was created maintaining the buccal bone connected only by simulated PDL. Four wire-
composite splints (0.3, 0.6, 0.9 and 1.2mm in diameter) were created and compared with models
without splint and also with no fracture area (n=5). The fractured alveolar process displacement
was measured (3 times per model/per each splint type) at fractured and adjacent central incisors
regions using deflectometer (Instron) under a functional chewing cycling fatigue (100N) on central
incisor palatines. Data of displacement (um) were analyzed using two-way ANOVA followed by
Tukey HSD test (0=0.05).

Results The alveolar process displacement at region of the adjacent incisor was not influenced by
splint and maintained stable during all cycle loading (P>0.05). Model without splint had significant
higher alveolar process displacement at traumatized tooth than all other models with splint
(P<0.001). Increasing the wire diameter from 0.3 to 0.9 the alveolar process displacement reduced
significantly (P<0.001). However, no difference was observed between 0.9 and 1.2mm wire-
composite splint. Splint using 0.9mm (P=0.123) and 1.2mm (P=0.219) wire resulted in similar
alveolar process displacement measured at adjacent tooth region.

Conclusions Wire-composite rigidity influenced significantly on the fractured alveolar process
mobility. The use at least 0.9 mm wire-composite splint was efficient to reduce the fractured

alveolar process displacement at similar level to adjacent no traumatized teeth.
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Introduction

Although the face area represents just 1% of all body area, 5% traumatic lesions are on the
face (1). More than one billion of living people have had traumatic dental injurie (TDI) around the
world (2), making the dental trauma considered an important public health problem worldwide (3).
There are several types of traumas on the face that can affect the tooth structures and all support
tissues (4). Lateral luxation is a dental trauma injury that invariably causes the fracture of alveolar
process bone (5). This occurs after severe trauma events as motorcycle, bike or car traffic accident
and violence (6). The prevalence of alveolar bone fracture involve around 5.5% of dental injury

(7) and can causes many complications to the patient who suffered dental trauma injury (5).

The recommended treatment by International Association of Dental Traumatology (IADT)
for alveolar bone fracture involves reposition the fragment and splint for 4 weeks. When the TDI
is a lateral luxation, the recommended is use flexible splint for 4 weeks and if have had a bone
breakdown, splint for 3-4 weeks (4). In the IADT guideline (4) there is no consensus about the
material that should be used to achieve the right rigidity adequate for different types of TDI. The
movement of fractured fragment can result in pain, function interference, delayed fracture healing,
and lead to bone resorption (5). There is not enough scientific data to support the flexible splint
stabilize the bone and the rigid stabilization is fundamental to bone fracture healing (8). The
indication of a rigid splint has been indicated as the better approach to the management of alveolar

bone fracture (9,10).

Once defined the indication of rigid splint, there is no consensus about the correct material
should be used to produce this effect (10,11). Some studies indicate the use of orthodontics wires
(11-13), quartz-fiber (10) that are evaluable in different thickness, determining the range of rigidity
level. Other important factor that should be accessed for maintaining the stabilization of the splint
and consequently the alveolar bone fracture is the mastication process. The dynamic movement
and loading in different intensity can generate fatigue on the splint, determining the challenge on

the adhesive process and resin composite orthodontic wire integration (11,14).

Based on the impossibility to make clinical studies with patients whose suffered TDI, in
vitro are a good option to study this condition (15). In in vitro tests this rigidity can be measured
by the bone displacement or the tooth movements using some different methodologies. Measure

stress, stress and displacement can collaborate with better biomechanical performance of splint for
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dental trauma. However, the calculation experimentally the performance of the resin composite/
orthodontic wire splint using artificial model created with materials that have mechanics properties,
such as elastic modulus, similar to the natural dental and bone seems to be the better option to

perform this study.

Therefore, the aim of this study was to evaluate the displacement of fractured alveolar
process during functional bite loading compared with alveolar process adjacent central incisor
influenced by wire-composite splint with different rigidity. The null hypothesis tested was that the
displacement of fractured alveolar process would not be affected by rigidity of wire-composite

splint.

Materials and Methods

Models confection

This study used an experimental model made with polystyrene resin used to simulate the
bone structure, bovine incisor teeth and periodontal ligament simulated using polyether impression
material (n=5). Polystyrene resin material has the elastic modulus similar to the alveolar bone and
has been used for tooth embedment for tooth fracture and tooth mobility for creating the bone
structure, at first, one model was carved out in red wax (Lysanda, Sdo Paulo, Brazil) with four
bovine teeth, mimicking four alveolus. To standardize the height and width of the crowns, they
were worn with sandpapers (3M, Sumaré, Sao Paulo, Brazil). This model was copied using
polyvinylsiloxane impression laboratory material (Aerojet blue, Brazilian Aerojet of Fiberglass,
Sdo Paulo, Brazil). The replica made in silicon, was poured with polystyrene resin (Cristal,
Piracicaba, Sdo Paulo, Brazil), mixed with the proportion of 100g of resin and 5 g of catalysator.
After 24 hours, the time for polymerization of polystyrene resin, this process was repeated five

times to produce 5 standardized models. This methodology is described by Soares et al, 2011 (16).

Teeth Selection and Individualization of the model

The bovine incisor teeth were collected, cleaned removing soft tissue and conserved in
distilled water at 4°C. Collected teeth with similar shape and size and that present straight root were
selected and divided in 4 groups. Then, the alveoli of the artificial model were individualized using

bur #1516 (Edenta, Sao Paulo, Brazil) for handpiece, until the teeth could be inserted easily into
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the alveolus. After this, the roots of selected teeth were covered with layer of melted wax with 0.3
mm of thickness to get the space of periodontal ligament. These teeth were covered with petroleum

gel (Farmax, Divindpolis, Brazil) and all the alveolus were individualized with polystyrene resin.

Periodontal Ligament simulation

The periodontal ligament simulation was performed as recommended by Soares et al, 2005
(17). The wax was removed of the teeth roots were cleaned pumice paste (Coltene, Rio de Janeiro,
Brazil) and rubber cup. The alveolus was filled with polyether impression material (Impregum
Soft, 3M-ESPE, Seefeld, Germany) and the teeth were inserted into the alveolar space. After
polymerization, the excesses were trimmed with LeCron spatula (S.S. White Duflex, Rio de

Janeiro, Brazil).

Splinting

Orthodontics NiCr wires in four different diameters were used in this study: 0.3mm, 0.6mm,
0.9mm (Morelli, Sorocaba, SP, Brazil) and 1.2mm (Orthometric, Marilia, SP, Brazil). All the wires
were trimmed and designed individually, for fitting passively at each model to. The buccal enamel
was conditioned with phosphoric acid 37% (Condac 37, FGM, Joinvile, SC, Brazil) for 40 second,
then rinsed and dried. The adhesive system (Ambar APS, FGM, Joinvile, SC, Brazil) was applied
actively using microbrush (FGM, Joinvile, SC, Brazil) for 20s, air dried to remove the excess, and
then light-cured for 40 seconds using the Radii Plus light curing unit (SDI, Sao Paulo, Brazil) that
emitted 1.500 mW/cm?, checked in MARC Resin Calibrator (BlueLight Analytics, Halifax,
Canada). The nanohybrid resin composite (Vittra APS, FGM, Joinvile, SC, Brazil) increments of
approximately 2mm were standardized in round corners square shape and were positioned at the
center of conditioned enamel surface. The wire was positioned over the first resin composite layer
and was light-cured for 40s. A second resin composite layer was inserted over the wire and was

light-cured for 40s. The splints were positioned at medium third of the tooth crowns.

Fracture Design
The simulation of bone alveolar process fracture was performed in just one alveolus per
each model, always located in the central incisor. The fracture was designed in all models with the

same shape: 10 mm of height and 12mm of width. The polystyrene resin was cut using diamond
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bur n° 330 (KG Sorensen, Barueri, SP, Brazil) over the delimitated area, ensuring that the buccal
surface of alveolar process was not connected with the base of the model. The fractured part of the
alveolar process was stabilized only by interaction with simulated PDL, representing the total

fracture occurred clinically.

Mechanic Test and measurement of fracture alveolar process displacement

Masticatory forces were simulated using a closed-loop artificial mouth electrodynamic
machine (ElectroPlus E3000, Instron, Norwood, MA, US)). The mastication load was applied
through a flat metalic antagonist palatal angle of 30° with the flat surface contacting of the incisal
edge (Fig.1). For this purpose, the metallic device was created to stablish the base model
maintaining the angulation of anterior teeth. A total of 200 cyclic load was applied at a frequency
of 1 Hz, starting with a load of 100 N (20N - 100N). A displacement strain deflectometer with
magnetic base for mounting (W-E401-J, Intsron) was placed touching the tip in the center of the
fracture alveolar process to measure de simulated bone displacement. The displacement was
measured at real time during the 100N fatigue cycling. When the fatigue cycling finalized, the
deflectometer was placed at the same location on the adjacent alveolus, an intact alveolus (control),
and the fatigue cycling was performed again using the same parameters. It was repeated three times
to each wire-composite splint sample and location of measurement.

When a sample was tested, the wire and resin composite were removed using diamond bur
#2200FF (KG Sorensen, Barueri, SP, Brazil) and the enamel surface was cleaned with pumice
paste and rubber cup. Then the new splint was made with the thinner wire or the model was tested
with no splint. During the model changing, it was performed the tuning wizard of the fatigue
machine to calibrate the load. The deflectometer was also calibrated, as recommended by the

fabricant for all tests.

Statistical analysis

The alveolar process displacement data were tested for normal distribution (Shapiro—Wilk
test) and equality of variances (Levene’s test), followed by parametric statistical tests. Two-way
analysis of variance (ANOVA) was performed to analyze the displacement data followed by

Tukey’s test. All tests were performed using a significance level of a = 0.05, and all analyses were
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performed using the Sigma Plot version 13.1 statistical package (Systat Software Inc., San Jose,

CA, USA).

Results

The values of alveolar process displacement during the simulation at 100 N fatigue bite
cycling are shown in Figure 1. Two-way ANOV A showed significant differences in the alveolar
process displacement for the location of measurement factor (P <0.001), the splint type (P <0.001)
and for the interaction between both factors (P < 0.001). The displacement of alveolar process of
adjacent incisor was similar for all tested groups (P > 0.05). The displacement measured at
fractured alveolar process was higher for models without splint, followed by 0.3mm, 0.6mm wire-
composite resin splints. The displacement values of fractured alveolar process were similar for 0.9
and 1.2 wire-composite splint and lower than other groups. The displacement values measured at
fractured alveolar process region was significantly higher than at intact alveolar process adjacent
tooth area for model without splint, and models with 0.3 and 0.6mm wire-composite splints (P
<0.001). However, 0.9mm (P=0.123) and 1.2mm (P=0.219) wire-composite splints resulted in

similar displacement values between fractured and intact alveolar processes.

The curves of alveolar process displacement values recorded during functional bite of 200
cycles loading measured at fractured alveolar process and intact alveolar process at adjacent tooth
are shown in Figure 2. The models without splint showed curve of fractured alveolar process with
crescent values when increasing the number of cycles. The use of splint tended to stabilize the
values of displacement measured at fractured alveolar process, irrespective of rigidity level of the
wire-composite resin splint. The 0.9 and 1.2mm the wire-composite resin splint showed very

similar curves of displacement measured at intact and fractured alveolar process.
Discussion

The displacement of fractured alveolar process was influenced by rigidity of wire-
composite splint, the use of 0.3 and 0.6mm did not stabilize the fractured portion of the alveolar
process as 0.9 and 1.2mm did at similar level of intact alveolar process with no fracture. Therefore,

the null hypothesis was rejected.

The complexity to study real traumatic dental injuries situations in large scale justify the

use of artificial models, although the simulation should be most close to the oral environment as
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possible. In vivo studies have been conducted and have the advantage of a natural PDL (18,19) and
the disadvantage of do not have a pathological mobility (18). However, in vitro studies allow the
models to be optimized and replicated creating more reliable for the results. The artificial models
used for simulating dental trauma can be made in plastic resins (20) or metal (21). The model
created in this study considered the similarity of elastic modulus of polystyrene resin used to the
alveolar bone (16) and the simulation of periodontal ligament (16,17). Another limitation of the
artificial models is the use artificial teeth, limiting the adhesive interaction between the resinous
materials with the enamel structure. Using bovine incisor teeth allowed the adhesive integration
between natural enamel, adhesive system and wire- resin composite stabilization. Several studies
have used bovine teeth in replacing human teeth by the facility of obtention and ethics reasons
(12,14,22). In this study, the teeth were standardized in shape and size to better simulate the human
teeth. However, no modification was performed at buccal surface of anterior teeth where the splints

were fixed.

The performance and indication of splint indicated for dental trauma depends on its severity
(23,24). The rigidity of splint is related to the extension (13), material used (12) and dimension the
of adhesive/resin composite point of fixation (11). Other studies have investigated the rigidity of
dental trauma splint, although, none testing the displacement of alveolar bone, only the teeth
displacement (10,13,25). For bone fracture healing, it has been recommended as fundamental that
the fractured bone be maintained with no movement (8). The rigid splints are recommended for
treating the alveolar process fractures to prevent its movement and promote the bone repair (7).
According to the results of this study, the splint made with the 1.2mm and 0.9mm-diameter wires
showed similar mechanical behavior when comparing the fractured alveolus and the intact alveolus
(control), not permitting a big displacement of the fractured alveolus, therefore they can be used as
arigid splint. The 0.6mm and 0.3mm permitted a bigger movement of the fracture when compared
to the intact alveolus, so they should be considered as not-rigid splint and not indicated to alveolar
fracture (5,13).

The resistance of the splint is also an important clinical aspect that should be considered.
Increasing the rigidity is possible to increase the possibility of the resin composite fracture or
debonding (11), compromising the stability of fracture. No debonding or composite resin fracture
was observed for all tested group. It is necessary to emphases the use of materials with adequate

mechanics properties for making dental trauma splint. None of our models had fractures the
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composite resin or had the adhesive process failed. The use of nanohybrid resin composite with
high fluorescence that facilitate the splint remove should be indicated. The selective etching on
enamel should be prioritized to better interaction with enamel structure (26).

The alveolar bone and periodontal ligament form the dentoalveolar joint. It is responsible
to absorb physiological or pathological forces (27). Thus, it is expected this complex joint be
displaced during physiologic force application. What can be saw at our study, that is the results of

all teeth adjacent to the alveolar fracture were not influenced by the material of the splinting.

Non-stabilized bone fractures show a marked delay in bone healing compared to stabilized
fractures (28). This delay may be caused by molecular gene expression with more pronounced
indian hedgehog expression in non-stabilized fractures, which was associated with a delay in
chondrocyte differentiation (29). Stabilization helps also the periodontal ligament to have better

repair conditions, however those devices should be the least traumatic as possible (30).

Dental splint rigidity should be adapted to the type of dento-alveolar trauma (11). When
treating dental trauma that result in alveolar process fracture the use of rigid splint is recommended
to stabilize the bone fracture favoring the bone healing. However, the definition of the rigidity must
be defined by the balance between fracture stability and ease of preparation. Although the splints
made with 1.2mm and 0.9mm wires showed similar mechanics results, but it is hard to adapt this
first one on teeth crowns because of its rigidity. Beyond the mechanic properties, 0.9mm wire is
easier to manipulate than the 1.2mm wire facilitating the adaptation made manually by clinicians.
In addition to clinical parameters such as stability, physiologic mobility of splinted teeth as well as
ease of use, splints in dental trauma should not interfere with the comfort of the patient (30).
Increasing the volume of the splinting more impairment on the patient comfort can be observed,
this justify the preference for 0.9mm in comparison with 1.2mm. Higher volume of the wire-resin
composite splint can create more difficult to clean and therefore leads to greater irritation of the
gingival margin and also discomfort to the lip (30). Therefore, the wire-composite splint using

0.9mm wire can be considered the best option for treatment of alveolar process fracture.

Conclusion

Within the limitations of this in vitro study, the following conclusion can be draw:
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The 0.3 and 0.6mm wire-resin composite reduced the fracture mobility however no at the level
of adjacent non-fractured alveolar process;
0.9mm and 1.2mm wire-composite have a rigid-splint behavior to result in stability similar to

non-fractured alveolar process.
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Figure 1. Model confection, fracture design and wire-composite splint building (a-k). Positioning
the model in the Instron Machine and test performance, the contact of the teeth with de machine
was always in just 2 teeth and the model was positioned in a 30° in relation to the piston of loading
(I-0) and the deflectometer was positioned in the fractured alveolar process and in the intact

alveolar process (p-s).
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Figure 2. Mean and standard deviation of alveolar process displacement values during the
simulation at 100 N with different wire-resin composite. Different capital letters demonstrate
significant differences among the splint conditions; different lower caser letters tested demonstrate

significant differences between the location measured (P<0.05).
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Figure 3. Curves of alveolar process displacement values recorded during functional bite of 200
cycles loading measured at fractured alveolar process (orange lines) and intact alveolar process at
adjacent tooth (blue lines); A. without splint; B. 0.3mm wire-resin composite splint; C. 0.6mm
wire-resin composite splint; D. 0.9mm wire-resin composite splint; and E. 1.2mm wire-resin

composite splint.
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completely in the text when first used, followed by the abbreviation in parentheses. Consult the
following sources for additional abbreviations: 1) CBE Style Manual Committee. Scientific style
and format: the CBE manual for authors, editors, and publishers. 6th ed. Cambridge: Cambridge
University Press; 1994; and 2) O'Connor M, Woodford FP. Writing scientific papers in English: an
ELSE-Ciba Foundation guide for authors. Amsterdam: Elsevier-Excerpta Medica; 1975.

As Dental Traumatology is an international journal with wide readership from all parts of the
world, the FDI Tooth Numbering system MUST be used. This system uses two digits to identify
teeth according to quadrant and tooth type. The first digit refers to the quadrant and the second
digit refers to the tooth type - for example: tooth 11 is the maxillary right central incisor and
tooth 36 is the mandibular left first molar. Alternatively, the tooth can be described in words.
Other tooth numbering systems will not be accepted.

Numbers: Numbers under 10 are spelt out as words, and not shown as numerals, except for:
measurements with a unit (8mmol/l); age (6 weeks old), or lists with other numbers (11 dogs, 9
cats, 4 gerbils).

When referring to a figure, spell the word out (e.g. Figure 2 shows the patient’s injuries on
initial presentation). When referring to a figure at the end of a sentence, enclose it in
parentheses - e.g. The patient’s maxillary central incisor was repositioned and splinted (Figure 5).
Page numbering: During the editorial process, reviewers and editors frequently need to refer to
specific portions of the manuscript, which is difficult unless the pages are numbered. Hence,
authors should number all of the pages consecutively at the bottom of the page.

Scientific papers should not be written in the 1st person - that is, avoid using “we”, “our”, etc. As
examples, use words such as the ‘current study”, “the results”, “samples were tested”, instead of
“our studv”. “our results”. “we tested". etc.

that itis preferable that line figures (e.g. graphs and charts) are supplied in black and white so that
they are legible if printed by a reader in black and white.

Data Citation
Please review Wiley’s data citation policy.

Additional Files

Appendices

The journal does not publish material such as Appendices. They should be submitted as Figures or
Tables.

Supporting Information

Supporting information is information that is not essential to the article, but provides greater depth
and background. Supporting information or Appendices may be hosted online and appear without
editing or typesetting. It may include tables, figures, videos, datasets, etc.

Click here for Wiley's FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are
available via a publicly available data repository, authors should include a reference to the location of
the material within their paper.

General Style Points
The following points provide general advice on formatting and style.

* Use double spacing for all text.
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Lauridsen, E. Dental trauma - combination injuries. Injury pattern and pulp prognosis for permanent
incisors with luxation injuries and concomitant crown fractures. Denmark: The University of
Copenhagen. 2011. PhD Thesis.

Corporate Author
European Society of Endodontology. Quality guidelines for endodontic treatment: consensus report of
the European Society of Endodontology. Int Endod | 2006:39;921-30.
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Tables

Tables should be self-contained and complement, not duplicate, information contained in the text.
They should be supplied as editable files, not pasted as images. Legends should be concise but
comprehensive - the table, legend, and footnotes must be understandable without reference to the
text. All abbreviations must be defined in footnotes. Footnote symbols: 1, 1, §, 9, should be used (in
that order) and *, **, *** should be reserved for P-values. Statistical measures such as SD or SEM
should be identified in the headings.

Figure Legends

Legends should be concise but comprehensive - the figure and its legend must be understandable
without reference to the text. Include definitions of any symbols used and define/explain all
abbreviations and units of measurement.

Figures
Although authors are encouraged to send the highest-quality figures possible, for peer-review

Main Text of Review Articles

* As papers are double-blind peer reviewed, the main text file should not include any information
that might identify the authors.

* The main text should comprise an introduction and a running text structured in a suitable way
according to the subject treated. A final section with conclusions may be added.

* The main text should be double-spaced.

References

All references should be numbered consecutively in order of appearance and should be as complete
as possible. In text citations should be superscript numbers. Journal titles must be abbreviated;
correct abbreviations may be found in the following: MEDLINE, Index Medicus, or CalTech Library.

Submissions are not required to reflect the precise reference formatting of the journal (use of italics,
use of capital letters, bold etc.). However it is important that all key elements of each reference are
included. Please see below for examples of reference content requirements,

For more information about this reference style, please see the Vancouver Reference Style Guide.
Reference examples follow:

Journal Articles
Lam R, Abbott PV, Lloyd C, Lloyd CA, Kruger E, Tennant M. Dental trauma in an Australian Rural Centre.
Dent Traumatol 2008; 24: 663-70.

Text book chapters
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o Materials and Methods: This section must contain sufficient detail such that, in
combination with the references cited, all clinical trials and experiments reported can be
fully reproduced. As a condition of publication, authors are required to make materials
and methods used freely available to academic researchers for their own use. Describe
your selection of observational or experimental participants clearly. Identify the method,
apparatus and procedures in sufficient detail. Give references to established methods.
including statistical methods, describe new or modified methods. Identify precisely all
drugs used by their generic names and route of administration.

If a method or tool is introduced in the study, including software, questionnaires, and
scales, the author should state the license this is available under and any requirement for
permission for use. If an existing method or tool is used in the research, the authors are
responsible for checking the license and obtaining the permission. If permission was
required, a statement confirming permission should be included in the Methods and
Materials section.

o Results should clearly and simply present the observations/results without reference to
other literature and without any interpretation of the data. Present the results in a logical
sequence in the text, tables and illustrations giving the main or most important findings
first. Do not duplicate data in graphs and tables.

© Discussion usually starts with a brief summary of the major findings. Repetition of parts of
the Introduction or of the Results sections should be avoided. Statements and
interpretation of the data should be appropriately supported by original references. A
comment on the potential clinical relevance of the findings should be included. The
Discussion section should end with a brief conclusion, but the conclusion should not be a
repeat of the results and it should not extrapolate beyond the findings of the study. Link
the conclusions to the aim of the study.

Do not use sub-headings in the Discussion section, The Discussion should flow from one
paragraph to the nextin a cohesive and logical manner.

Abstract

The abstract is limited to 300 words in length and should contain no abbreviations. The abstract
should be included in the manuscript document uploaded for review as well as inserted separately
where specified in the submission process. The abstract should convey a brief background statement
plus the essential purpose and message of the paper in an abbreviated form. For Original Scientific
Articles, the abstract should be structured with the following headings: Background/Aim, Material and
Methods, Results, and Conclusions. For other article types (e.g. Case Reports, Reviews Papers, Short
Communications) headings are not required and the Abstract should be in the form of a paragraph
that briefly summarizes the paper.

Keywords

Please provide 3-6 keywords. Keywords should be carefully chosen to ensure they reflect the content
of the manuscript.

Main Text of Original Articles

* As papers are double-blind peer reviewed, the main text file should not include any information
that might identify the authors.
* The main text should be divided into the following sections: Introduction, Material and Methods,
Results and Discussion.
© [ntroduction: This section should be focused, outlining the historical or logical origins of
the study. It should not summarize the results and exhaustive literature reviews are
inappropriate. Give only strict and pertinent references and do not include data or
conclusions from the work being reported. The introduction should close with an explicit,
but brief, statement of the specific aims of the investigation or hypothesis tested. Do not
include details of the methods in the statement of the aims.
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Main Text File

As papers are double-blind peer reviewed, the main text file should not include any information that
might identify the authors.

The main text file should be presented in the following order:
1. Title, abstract. and key words:
2. Main text;
3. References;
4. Tables (each table complete with title and footnotes);
5. Figure legends.
Do not use any sub-headings within the above sections.
The text in the main document should be double-spaced.
Figures and supporting information should be supplied as separate files.

4. PREPARING THE SUBMISSION

Cover Letters
Cover letters are not mandatory; however, they may be supplied at the author's discretion.

Parts of the Manuscript
The manuscript should be submitted in separate files: title page; main text file; figures.

Title Page
The title page should contain:

1. A short informative title containing the major key words. The title should not contain
abbreviations (see Wiley's best practice SEO tips) and should not be a question about the aim.
The title should not be a statement of the results or conclusions;

2. A short running title of less than 60 characters;

3. The full names of the authors;

4, The author's institutional affiliations where the work was conducted, with a footnote for the
author's present address if different from where the work was conducted:;
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* Care must be taken with the use of tense (usually the past tense is the most appropriate).

* Care must be taken with the use of singular and plural words.

* Trade Names: Chemical substances should be referred to by the generic name only. Trade
names should not be used. Drugs should be referred to by their generic names. If proprietary
drugs have been used in the study, refer to these by their generic name, mentioning the
proprietary name and the name and location of the manufacturer in parentheses.

Reproduction of Copyright Material

If excerpts from copyrighted works owned by third parties are included, credit must be shown in the
contribution. It is the author’s responsibility to also obtain written permission for reproduction from
the copyright owners. For more information visit Wiley's Copyright Terms & Conditions FAQ at
http://exchanges.wiley.com/authors/fags---copyright-terms--conditions 301.html|

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for
submission available here. In particular, authors may benefit from referring to Wiley's best practice
tips on Writing for Search Engine Optimization.

Article Preparation Support: Wiley Editing Services offers expert help with English Language Editing,
as well as translation, manuscript formatting. figure illustration, figure formatting. and graphical
abstract design - so you can submit your manuscript with confidence.

Also, check out our resources for Preparing Your Article for general guidance about writing and
preparing your manuscript.

Video Abstracts: A video abstract can be a quick way to make the message of your research accessible
produced video abstracts, available to authors of articles accepted in this journal. You can learn more
about it by clicking here. If you have any questions, please direct them to videoabstracts@wiley.com.
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