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RESUMO

As imagens de Tomografia Computadorizada de Feixe Conico (TCFC) permitem a
avaliacao tridimensional do tecido ao redor dos implantes; entretanto, a distin¢ao entre
o tecido 6sseo e materiais de enxerto pode ser prejudicada pela presenga de artefatos
de imagem causados pelos materiais de implantes, que tém alta densidade e numero
atdbmico. O ajuste dos parametros de exposicdo na TCFC pode reduzir o nivel de
exposicao a radiagédo para o paciente e também influenciar na qualidade e ruido das
imagens adquiridas. A alteragdo da miliamperagem (mA) esta diretamente ligada a
esses fatores e pode auxiliar na avaliagdo de imagens de TCFC com artefatos de
imagem. O objetivo deste trabalho foi avaliar a influéncia da mA de TCFC na detecgao
da deiscéncia de enxerto 6sseo adjacente a implantes dentarios de titanio e zircbnia.
Vinte implantes de titanio e vinte de zircénia foram instalados em blocos de costela
bovina. Foram criadas lacunas de no minimo 2 mm entre os implantes e o0 osso e
estas foram preenchidas com enxertos 0sseos autdogenos particulados. Em metade
dos blocos a lacuna foi totalmente preenchida e na outra metade o material foi
removido até a terceira espira do implante na face vestibular. Foram adquiridas
imagens de TCFC com kilovoltagem 90kV, campo de visdo 6x4, voxel de 0,133mm e
miliamperagem 4, 6,3 e 10mA e avaliadas por 5 avaliadores para detec¢do da
deiscéncia de enxerto 6sseo. A area sob curva ROC, acuracia, sensibilidade e
especificidade foram calculados e comparados entre os fatores de variagdo (material
do implante e mA) pela analise de variancia de dois fatores com nivel de significancia
de 5%. N&o houve diferengcas estatisticamente significantes considerando os
diferentes tipos de implantes e mA (p<0,05). Concluiu-se que um protocolo com menor
exposicao a radiagao (i.e., menor mA) pode ser utilizado; entretanto, o uso da TCFC
para avaliagdo da deiscéncia enxerto 6sseo adjacente a diferentes tipos de implantes

ainda é questionavel e deve ser feito com cautela.

Palavras-chave: Radiologia; Tomografia Computadorizada de Feixe Cdnico;
Diagnéstico por Imagem; Implantes Dentarios; Autoenxertos.



ABSTRACT

Cone Beam Computed Tomography (CBCT) images allow three-dimensional
evaluation of tissue around implants; however, the distinction between bone tissue and
graft materials may be compromised by image artifacts caused by implant materials,
which have high density and atomic number. Adjusting exposure parameters in CBCT
can reduce radiation exposure levels for the patient and also influence the quality and
noise of the acquired images. The modification of milliamperage (mA) is directly related
to these factors and can assist in the evaluation of CBCT images with image artifacts.
This study aimed to evaluate the influence of CBCT’'s mA on detecting bone graft
dehiscence adjacent to titanium and zirconia dental implants. Twenty titanium and
twenty zirconia implants were installed in bovine rib blocks. At least 2-mm gaps were
created between the implants and the bone and filled with particulate autogenous bone
grafts. In half of the blocks, the gap was filled entirely and in the other half, the grafting
material was removed up to the third implant thread on the buccal side. CBCT images
were acquired at kilovoltage (kV) 90kV, field of view 6x4cm, voxel size 0.133mm, and
milliamperage 4, 6.3, and 10 mA and assessed by 5 observers to detect bone graft
dehiscence. The area under the curve AUC, accuracy, sensitivity, and specificity were
calculated and compared between the variation factors (dental implant material and
mA) using a two-way analysis of variance with a significance level of 5%. There were
no statistically significant differences considering the different types of implants and
mA (p<0.05). In conclusion, a protocol with lower radiation exposure (i.e., lower mA)
can be used; however, the use of CBCT for evaluating bone graft dehiscence adjacent
to different types of implants is still questionable and should be approached with

caution.

Keywords: Radiology; Cone-Beam Computed Tomography; Diagnostic Imaging;

Dental Implants; Autografts.
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1 INTRODUGAO GERAL

A técnica de implante imediato é realizada através da instalacdo de um
parafuso de implante no alvéolo de um elemento dentario apos sua extragdo em um
unico ato cirurgico (BASSIR; EL KHOLY; CHEN; LEE et al., 2019). Essa técnica
oferece vantagens como a redugdo no tempo de tratamento, na quantidade de
intervencgdes cirurgicas e tém altas taxas de sucesso (RAGUCCI; ELNAYEF; CRIADO-
CAMARA; DEL AMO et al., 2020).

Entretanto, apesar das vantagens, os implantes imediatos podem ser falhos na
preservagao da dimenséo da crista 6ssea (ARAUJO; WENNSTROM; LINDHE, 2006;
CARDAROPOLI; TAMAGNONE; ROFFREDO; DE MARIA et al., 2019). Na auséncia
de um elemento dentario, o tecido ésseo alveolar sofre uma rapida reabsorcao, e para
minimizar a reabsor¢cao 6ssea, o preenchimento dos espacgos periimplantares com
enxertos 0sseos desempenham um papel crucial ao fornecer suporte mecanico para
a reabilitagcao oral e estimular a neoformacao éssea (CHAVDA; LEVIN, 2018; ZHAO;
YANG; COOPER; KHURSHID et al., 2021). Portanto, o uso de enxertos 6sseos nos
espacos alveolares simultaneamente com a colocagdo dos implantes imediatos
resulta em uma maior preservagdo de tecidos duros e moles (ALKUDMANI; AL
JASSER; ANDREANA, 2017).

Os enxertos 6sseos podem ser classificados de acordo com sua origem, sendo
o enxerto autdogeno (obtido do préprio paciente) amplamente aceito como o padrao-
ouro para reconstrucado defeitos dsseos alveolares. Isso se deve ao fato de que ele
fornece células com capacidade de formagao Ossea, fatores de crescimento e uma
estrutura 6ssea imunoldgica idéntica a do leito receptor (RIBEIRO; FRAGUAS;
BRITO; KIM et al., 2018).

Para a avaliacdo e planejamento de implantes dentarios, a utilizacdo de
exames de imagem destinados a visualizagdo do rebordo alveolar é fundamental
(MENGEL; KRUSE; FLORES-DE-JACOBY, 2006; FIENITZ, SCHWARZ; RITTER;
DREISEIDLER et al., 2012). Dentre os exames de imagens as radiografias periapicais
sdo as mais comumente utilizadas para avaliagdo de implantes dentarios para a
analise quantitativa da deiscéncia Ossea adjacente ao implante (CHAGAS;
KOBAYASHI-VELASCO; GIMENEZ; CAVALCANTI, 2021). Entretanto, elas produzem
imagens bidimensionais que ocasionam a sobreposicdo de imagens no sentido

vestibulo-lingual, permitindo assim apenas visualizagdo da regido mesial e regido
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distal periimplantar, tornando-as inadequadas para uma visualizacdo periimplantar
completa (BOHNER; MUKAI; ODERICH; PORPORATTI et al., 2017).

Para avaliar a verdadeira configuragdo do tecido 6sseo modalidades de
imagem que realizam captura de informagdes tridimensionais como a tomografia
computadorizada de feixe cdnico (TCFC) sdo consideradas de grande potencial para
avaliagdo da regido periimplantar (BENIC; ELMASRY; HAMMERLE, 2015; BOHNER;
MUKAI; ODERICH; PORPORATTI et al., 2017; MOL, 2004). Diversos estudos
avaliaram a acuracia da TCFC na deteccdo de defeitos Gsseos precoces apos a
instalagao de implantes (YEPES; AL-SABBAGH, 2015) e tém reportado uma notavel
eficacia na avaliagdo de defeitos 6sseos periimplantares no sentido vestibulo-lingual
quando comparada a exames de imagens bidimensionais como as radiografias
periapicais (PELEKOS; ACHARYA; TONETTI; BORNSTEIN, 2018). E adicionalmente
a isto, revisdes sistematicas demonstram que, embora ndo seja comumente utilizada,
a TCFC pode ser empregada na avaliacdo pos-operatoria de implantes dentarios,
especialmente em casos de complicagbes como as deiscéncias e fenestragdes.
(BORNSTEIN; SCARFE; VAUGHN; JACOBS, 2014; PELEKOS; ACHARYA;
TONETTI; BORNSTEIN, 2018). Entretanto, os enxertos 6sseos particulados utilizados
para o preenchimento dos espagos periimplantares sao visualizados como granulos
de alta densidade, o que confere a este uma aparéncia tomografica mais discreta e
possivelmente leva a maior dificuldade de detecgdo (WANG; KUNZEL; GOLUBOVIC;
MIHATOVIC et al., 2013).

O acompanhamento da instalagdo de implantes baseado em exames clinicos
e de imagem € de suma importancia para garantia de um progndstico favoravel, caso
contrario diagndsticos inadequados podem ocasionar na perda de implantes
(CHAGAS; KOBAYASHI-VELASCO; GIMENEZ; CAVALCANTI, 2021). Muitas vezes
duvidas ou erros na visualizagao acontecem devido a dificuldade de se distinguir osso
recém-formado e materiais de enxertos 0sseos através da TCFC (WANG; KUNZEL;
GOLUBOVIC; MIHATOVIC et al., 2013). Nao obstante, é importante considerar que
materiais de densidade e numero atdbmico elevados como os implantes dentarios
compostos de titanio e zirconia, quando presentes no campo de viséo (FOV, do inglés
field of view), induzem a ocorréncia de artefatos de imagem.

Os artefatos de imagem sao definidos como as diferengas que se manifestam
entre a representacéo visual e o real conteudo da estrutura. Um artefato de imagem
comum é o endurecimento dos feixes, (MANCINI; SANTOS; GAETA-ARAUJO;
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TIRAPELLI et al., 2021) que ocorre quando materiais de numero atémico elevado
absorvem fétons de raios X de baixa energia criando assim hipodensidades
localizadas que prejudicam a avaliacdo da imagem (GAETA-ARAUJO; LEANDRO
NASCIMENTO; CAVALCANTE FONTENELE; MASETI MANCINI et al., 2020). Esses
artefatos se manifestam através da modificacdo dos niveis de tons de cinza das
imagens e podem interferir de maneira significativa na identificacdo e avaliagdo de
estruturas anatbmicas ou condigbes patoldgicas, resultando em possiveis erros
diagndsticos (KURT: BAGIS; EVLI; ATAKAN et al., 2020; MANCINI; SANTOS; GAETA-
ARAUJO; TIRAPELLI et al., 2021).

O ajuste dos parametros de exposicdo da TCFC pode reduzir a incidéncia de
artefatos de imagem e melhorar a qualidade das imagens (FREITAS; FONTENELE;
NASCIMENTO; VASCONCELOS et al., 2018; MANCINI; SANTOS; GAETA-ARAUJO;
TIRAPELLI et al., 2021). Parametros como o FOV, tamanho do voxel, tempo de
exposi¢cao, angulo de rotagdo, quilovoltagem (kV) e mA s&do exemplos de
configuragbes que podem ser ajustadas para aprimorar a qualidade da imagem de
TCFC, porém, o conhecimento acerca da magnitude dos artefatos de imagem e como
eles sdo afetados por alteracbes nos parametros de aquisicdo da TCFC ainda é
limitado. Entretanto, sabe-se que a presenca destes artefatos tem implicagdes
significativas na acuracia de diagnosticos, especialmente em regides proximas aos
materiais causadores de artefatos como os implantes (FREITAS; FONTENELE;
NASCIMENTO; VASCONCELOS et al., 2018).

O ajuste da mA pode aumentar ou diminuir o ruido da imagem, afetando
também a qualidade da imagem, e o seu nivel também & proporcional ao nivel de
exposigdo a radiacdo para o paciente (GAETA-ARAUJO; DE SOUZA; FREITAS; DE
OLIVEIRA-SANTOS, 2017; MANCINI; SANTOS; GAETA-ARAUJO; TIRAPELLI et al.,
2021). Portanto, a influéncia das alteragbes na mA em tarefas diagnésticas especificas
para otimizar a utilizacdo da TCFC €& fundamental, tendo em vista que, para
determinadas tarefas diagndsticas, o uso de mA mais baixa pode resultar em uma
reducdo significativa na exposicdo a radiagdo, mantendo resultados clinicamente
aceitaveis, apesar do impacto na qualidade da imagem (MANCINI; SANTOS; GAETA-
ARAUJO; TIRAPELLI et al., 2021).

Até o momento, a precisao diagnostica da TCFC na analise da deiscéncia de
enxertos 0sseos adjacentes a implantes dentarios de titédnio e zirconia permaneceu

inexplorada, destacando-se a necessidade premente de investigagdo neste campo.
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Além disso, a consideragcdo dos diferentes niveis de mA é necessaria pois a
minimizac&o da exposi¢céo a radiagao durante a aquisigdo de imagem de TCFC, de
acordo com o principio “As Low As Diagnostically Acceptable” (ALADA), é de extrema
importancia para a seguranga dos pacientes. Avaliar eficazmente a manutengao de
enxertos 0sseos com o auxilio da TCFC também desempenha um papel crucial na
garantia de resultados estéticos satisfatérios e da longevidade dos implantes
dentarios.

1.1OBJETIVO GERAL

O objetivo deste estudo foi investigar a influéncia de diferentes mA, em imagens
de TCFC, na deteccao de material de enxertia 6ssea adjacentes a implantes dentarios
de titanio e de zirconia.
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ABSTRACT

Objectives: To evaluate the effect of Cone-Beam Computed Tomography (CBCT)
milliamperage (mA) on detecting bone graft dehiscence adjacent to titanium (Ti) and
zirconia (Zr) dental implants.

Materials and Methods: Twenty titanium and twenty zirconia implants were installed
in bovine rib blocks. At least 2-mm gaps were created between the implants and the
bone and filled with particulate autogenous bone grafts. In half of the blocks, the gap
was filled entirely and in the other half, the grafting material was removed up to the
third implant thread on the buccal side. CBCT images were acquired at 4, 6.3 and 10
mA and assessed by 5 observers to detect bone graft dehiscence. The area under the
curve AUC, accuracy, sensitivity and specificity) were calculated and compared
between the variation factors (dental implant material and mA) using a two-way

analysis of variance with a significance level of 5%.

Results: There were no statistically significant differences for the diagnostic values
between the different types of implants and mA to detect bone grafts dehiscence
(p<0.05).

Conclusion: A protocol with lower radiation exposure (i.e., lower mA) can be used,
however, the use of CBCT for evaluating bone graft dehiscence adjacent to different
types of implants is still questionable and should be approached with caution.

Clinical Relevance: When prescribing CBCT imaging exam for assessing peri-implant
bone graft, lower radiation exposure can be achieved without jeopardizing diagnosis.
However, it is worth noting that CBCT images in implantology can be challenging due
to artifacts caused by the high-density materials of dental implants.

Keywords: Radiology; Cone-Beam Computed Tomography; Diagnostic Imaging;
Dental Implants; Autografts.
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INTRODUCTION

Installing the implant immediately after a tooth extraction significantly reduces
the number of surgical interventions and treatment time [1, 2]. With a success rate of
about 98% after one year, this procedure is highly effective [2]. However, immediate
implant placement poses a potential risk of bone tissue loss and reduction in bone
crest size [3, 4]. To effectively reduce peri-implant bone resorption and maintain bone
structure, autogenous grafts are considered the optimal solution due to their ability to
promote bone growth and create an immunological bone structure akin to the recipient
bed [5]. Therefore, for better hard tissue preservation, the use of bone grafts during

immediate implant placement in alveolar spaces is highly recommended [6].

Periapical radiographs are frequently used as the imaging modality of choice for
the post-operative assessment of dental implants when no clinical concerns or
symptoms are present [7, 8]. However, due to its two-dimensional nature, peri-implant
bone loss and specific structures may not be visible on these radiographs [9-11].
Three-dimensional imaging modalities, such as Cone-Beam Computed Tomography
(CBCT), offer better visualization and high-resolution images of the bone tissue in the
peri-implant region [9, 12-15]. It can also diagnose peri-implant defects with
submillimetric precision [7]. However, the presence of the implant produces metallic
artifacts in CBCT imaging exams [16].

CBCT images may accurately and effectively display peri-implant deficiencies
in the buccolingual plane [11, 14]. CBCT can depict dehiscence and fenestrations,
affecting the cortical bone around the implant [11]. However, the assessment of
particulate bone grafts used in the immediate implant technique on CBCT is
challenging because they appear as sparse high-density granules. Nevertheless,
CBCT is still an essential tool for determining the success of implant treatment by
confirming the filling of the spaces between bone tissue and the implant [17]. It is worth
noting that previous studies have not evaluated the accuracy of CBCT in evaluating
bone grafts near dental implants.

The aim of this study was to evaluate the effect of CBCT milliamperage (mA) on
the detection of bone graft dehiscence around to titanium and zirconia implants. The
null hypothesis was that the type of implant and the mA level do not affect bone graft
dehiscence detection adjacent to dental implants.
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MATERIALS AND METHODS

The study was approved by the Ethics Committee for Animal Research of the
Federal University of Alfenas (protocol: CEUA -
3641cc56e4bf17852287b1fdbad7alel).

Sample selection

The sample consisted of 40 bone blocks with approximate dimensions of 4cm x
4cm x 2cm obtained from fresh bovine ribs [18, 19]. Only the blocks with an appropriate
thickness for simulating the gap around the implant and a balanced ratio of cortical and
trabecular bone tissue were included (Figure 1A).

Preparation of the surgical area and graft harvest

A @ 8-mm trephine bur (WF Cirurgicos; Sao Paulo; Brazil) was used to drill a
bone defect with a depth of 5-mm, thus creating at least a 2-mm gap between the
implant and the bone block in all its faces (Figure 1B). For the autogenous bone graft
collection, a trephine drill was employed to extract bone from the bovine rib (Figure
1C).

Installation of the implants

In the center of the bone defect of 20 bone blocks (Figure 1D), a Titanium
implant (Neodent® CM Drive Acqua implant, Curitiba; Brazil) measuring 3.5 mm in
diameter by 10 mm in length was inserted (Figure 1E) and in the center of the bone
defect of another 20 bone blocks, a Zirconia implant (Neodent® Zirconia implant,
Neodent, Curitiba; Brazil) measuring 3.75 mm in diameter x 10 mm in length was
inserted (Figure 1F) by an implantodontist. The process was performed using an
implant motor (NSK Surgic Pro®; NSK America Latina Ltda; Joinville, Brazil) and a
surgical contra-angle handpiece (Ti-Max X-SG20L; NSK America Latina Ltda; Joinville,
Brazil). The implant placement was carried out according to the manufacturers’
specification.

Figure 1 — A. Bone blocks obtained from fresh bovine ribs sectioned with approximate
dimensions of 4cm x 4cm x 2cm; B. @ 8-mm trephine (WF Cirurgicos; Sao Paulo;
Brazil) bur used to drill a 5-mm depth bone defect; C. Collector trephine bur used to
collect bone tissue for bone graft simulation purposes; D. Bone block after preparation
for the GAP and for implant installation in the center; E. A 3.5-mm diameter and 10-
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mm length titanium implant (Neodent® AcquaTM; Neodent, Sdo Paulo, Brazil) placed
on a bone block; F. A 3.75-mm diameter and 10-mm length zirconia implant (Neodent®
Ceramic Implant SystemTM; Neodent, Sdo Paulo; Brazil) placed on a bone block.
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Sample allocation

The acquired bone graft material was carefully positioned around the implant
site to fill the entire gap around the implant (Figure 2A and Figure 2D). To create a
bone defect, the autogenous bone graft material was removed from the vestibular area
of 10 titanium implants and 10 zirconia implants up to the third thread of the implants
(Figure 2B and Figure 2E).

The prepared bone blocks were placed individually in plastic containers and
covered with ballistic gelatin to simulate soft tissue (Figure 2C and Figure 2F). The
ballistic gelatin was prepared using 48 g of colorless gelatin (Royal, Mondelez Brasil
LTDA, Séo Paulo - SP, Brazil), 200 ml of distilled glycerin (Razzo, USP, Sao Paulo -
SP, Brazil), and 500 ml of water [20]. The ballistic gelatin surrounded the bone blocks

with installed implants and was kept refrigerated until image acquisition.

Figure 2 — A. Bone block with a titanium implant and the GAP around the implant
completely filled with bone graft; B. Arrow indicates the bone graft dehiscence
simulation; the bone graft was removed up to the third implant thread; C. Bone blocks

placed individually in plastic containers and covered with ballistic gelatin to simulate
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soft tissue; D. Bone block with a zirconia implant and the GAP around the implant
completely filled with bone graft; E. Arrow indicates the bone graft dehiscence
simulation; the bone graft was removed up to the third implant thread; F. Bone blocks
placed individually in plastic containers and covered with ballistic gelatin to simulate

soft tissue.

Image Acquisition

The CBCT images of the specimens were acquired using the OP300 machine
(Instrumentarium, Tuusula, Finland) following a fixed protocol with kilovoltage (kV) set
at 90kV, FOV of 6x4cm, voxel size of 0.133mm, and three different mA levels (4, 6.3,
and 10 mA), resulting in a total of 120 volumes. To standardize the specimens' position,
a polystyrene platform was utilized with a permanent marker to ensure consistent
positioning for all acquisitions, and reference lights were employed to standardize the
position of the bone blocks in the center of the FOV. Images were acquired for all
implant groups (gaps completely filled with bone graft and bone graft removed up to
the implant third thread; Figure 3).

Figure 3 — Examples of sagittal and axial views demonstrate gaps filled with bone graft
and bone graft dehiscence conditions. Varying mA settings and implant materials were
used. Arrows indicate areas of bone graft dehiscence.
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Image evaluation

Images were exported from the acquisition software in DICOM format and five
evaluators (4 oral radiologists and one implantodontist), each with a minimum of 5
years of experience in CBCT image evaluation, underwent a comprehensive training
session where the condition being assessed (i.e., peri-implant bone graft dehiscence)
was explained. Evaluation sessions were held in a controlled environment with
reduced ambient lighting conducive to CBCT image evaluation. The evaluators used
high-performance monitors and the OnDemand 3D software (Cybermed, Irvine, CA,
USA). For each exam, the evaluators were required dynamically assess the volume
(i.e., scrolling through the slices), adjust window/level if necessary, and to assign a
score for the presence of bone graft dehiscence according to a 5-point scale, described
as follows: 1 - certainly no bone graft dehiscence; 2 - probably no bone graft
dehiscence; 3 - uncertain; 4 - probably bone graft dehiscence; and 5 - certainly bone
graft dehiscence. The evaluators were instructed to evaluate 20 CBCT volumes per
week, to avoid visual fatigue and potential bias related to sample memorization.

To assess the reproducibility of the image evaluation method, 25% of the sample
was reevaluated after 30 days, under the same conditions.

Statistical Analyses

All data were analyzed using SPSS 25.0 software (IBM® SPSS, Armonk, USA)
and GraphPad Prism v8 (GraphPad, La Jolla, USA). The intra and inter-examiner
agreement was evaluated using the Weighted-Kappa test for the diagnostic evaluation.
With the evaluation on the 5-point scale, the area under the receiver operating
characteristic curve (AUC) was calculated considering different mA and implant types.
In addition, diagnostic accuracy, sensitivity, and specificity values were calculated with
data dichotomization, considering scores 1, 2, and 3 as the absence of bone graft
dehiscence and 4 and 5 as the presence of bone graft dehiscence. These values were
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also calculated considering the different mA and implant types. The diagnostic values
were expressed as mean and standard deviation (of the evaluators) for each condition
(mA and implant type) and were compared using the two-way analysis of variance
(ANOVA) with a significance level set at 5%.
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RESULTS

The mean intra-observer agreement value was 0.726 (0.078), ranging from
0.600 to 0.792, indicating substantial agreement and the mean inter-observer
agreement was 0.193 (0.167), ranging from 0.082 to 0.662 indicating slight agreement
[21].

Regarding the diagnosis of bone graft dehiscence with different mA parameters
and implant types, the AUC results indicated no statistically significant differences
between implant types and mA (p=0.05; Table 1). Based on the evaluation scale
developed by Hosmer et al. (2013) [22], all AUC values identified indicated acceptable
diagnostic values.

The accuracy, sensitivity, and specificity results also showed no statistically
significant differences (p=0.05; Table 1). According to Power et al. (2013) [23], a exam
must exhibit a sum of sensitivity and specificity of at least 1.5 to accurately predict the
presence or absence of a disease. All tests conducted with different mA in titanium and
zirconia implants had a sum of sensitivity and specificity of less than 1.5 (Table 2),
indicating that CBCT imaging exams do not achieve desired diagnostic values in
assessing the presence or absence of bone graft dehiscence.

Table 1 - Mean values (standard deviation) of the AUC, accuracy, sensitivity, and
specificity for detecting the presence of bone graft around titanium and zirconia
implants considering different mA.

Implant AUC Accuracy Sensitivity Specificity
material 6.3m  10m 6.3m  10m 6.3m  10m
4mA 6.3mA 10mA 4mA 4mA 4mA
A A A A A A

Titanum 0.78 0.75 065 067 065 063 072 070 056 062 060 0.70
(0.06) (0.12) (0.16) (0.10) (0.14) (0.14) (0.16) (0.12) (0.23) (0.33) (0.38) (0.26)
Zirconia 073 0.85 070 071 069 062 084 078 060 058 060 0.64
(0.07) (0.07) (0.11) (0.04) (0.10) (0.08) (0.13) (0.24) (0.12) (0.16) (0.20) (0.11)

AUC: area under the receiver operating characteristic curve; mA: milliamperage.
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Table 2 - Mean values (standard deviation) of sensitivity, specificity and the sum of
sensitivity and specificity.

Implant Sensitivity + Specificity*

material 4mA 6.3mA 10mA

Titanium 1,34 1,30 1,26
Zirconia 1,42 1,36 1,24

* Test must exhibit a sum of sensitivity and specificity of at least 1.5, all tests had a
sum of sensitivity and specificity of less than 1.5.
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DISCUSSION

The present study investigated the influence of different mA settings in CBCT
imaging exams and their effect on the detection of graft material dehiscence around
zirconia and titanium implants. The results did not show significant differences in
detecting dehiscence of bone grafts. Nevertheless, the evaluation of CBCT images for
diagnostic purposes should be approached with caution, as the diagnostic values were
somewhat low. The promotion of research in the field of dental implants and the
imaging exams to enhance diagnostics and treatment should be encouraged.

Initially, there were concerns that zirconia implants, due to their higher atomic
number compared to titanium and greater potential to cause image artifacts, could
impact the identification of bone graft dehiscence. However, the research results
suggest that there are no differences to identify bone graft dehiscence around titanium
or zirconia implants. These findings are in accordance with the results of FONTENELE
et al., 2022 [24], who evaluated the detection of peri-implant dehiscence in titanium-
zirconia and zirconia implants using CBCT images, and their results revealed no
significant differences between the implant types.

Our results do not indicate significant differences for mA settings used;
Therefore, considering that exists a correlation between mA and patient dose, our
research indicate that it is possible to lower mA levels when evaluating bone grafts
around titanium and zirconia implants without hampering image quality for diagnostic
purposes. Despite this, it should be emphasized that higher mA yields improved image
quality by reducing image noise. PAUWELS et al., 2015 [25] investigated the impact of
mA reduction on image quality using various CBCT to determine minimally acceptable
values, using a polymethyl methacrylate and an anthropomorphic skull phantom in
CBCT devices varying mA,; they found that mA can be lowered to reduce dose with
minimal impact on image quality, indicating a promising opportunity for dose reduction.
Such finding in aligned with our results. Despite CBCT device manufacturers defining
image acquisition protocols, decreasing mA and limiting radiation exposure for patients

did not substantially affect image quality and diagnostic accuracy.

Even with the possibility of reducing mA and consequently reducing patient
radiation exposure, our results indicated a low inter-rater agreement, suggesting a
challenging diagnostic task; in contrast to PAUWELS et al., 2015 [25] that showed that
minor mA is highly effective in achieving high interobserver understanding when
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evaluating anatomical structures using phantoms. Nevertheless, the difference in the
expected value of inter-rater agreement must be related to the task itself, in which
detecting well-defined anatomical structures is easier than detecting sparse graft
material, especially in the presence of image artefacts.

We observed a substantial intra-rater agreement. This leads us to assure that
the analyses conducted by the raters were reliable, as they agreed with themselves
when a new analysis of the imaging exams was performed. Additionally, we can find in
the literature other studies with high intra-observer agreements in assessing bone graft
as demonstrated by PARSA et al., 2015 [26] who also assessed the accuracy of CBCT
in detecting bone grafts in an ex vivo study and UMANJEC-KORAC et al., 2016 [27]
who evaluated the detection of simulated autogenous bone graft resorption in the
maxillary sinus using CBCT.

Our study was an ex vivo investigation with inherent limitations in the study
design. It is crucial to emphasize that the methodology employed is the only ethically
acceptable way to assess peri-implant dehiscence and factors such as implant material
and mA level through repeated CBCT scans, as it would not be ethically acceptable to
expose a patient to repeated imaging acquisitions. Bovine ribs were used to simulate
the anatomy of the human mandible from a CBCT image due to their structural
similarity, as demonstrated in studies by DAVE et al., 2012 [28]. This was essential to
avoid excessive patient radiation exposure. Autogenous bone grafts were used (from
the same bovine ribs). However, these bone grafts tomographic density makes them
challenging to visualize, as evidenced by the low inter-rater agreement. These
challenges are similar to findings in the literature; FIENITZ et al., 2012 [7], assessed
the accuracy of CBCT in restoring peri-implant bone defects after bone graft use, and
their study revealed difficulties in distinguishing between the bone graft and native
bone.

Contrary to this, our results differed from the findings of BUCCHI et al., 2017
[29], who did not encounter difficulties in detecting synthetic bone grafts throughout
their healing process. However, synthetic bone graft seems to have higher
tomographic density, which could make it easier to detect compared to native bone
grafts. Therefore, it is essential to consider these limitations when interpreting and
generalizing the conclusions of this study.

This study aimed to enhance the clinical significance of CBCT by applying the
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ALADA principle (As Low as Diagnostically Achievable). The use of low mA values
does not compromise the quality of the diagnostic process and, at the same time,
significantly reduces patients' radiation exposure. Minimizing the amount of radiation
to which patients are exposed during the diagnostic process prioritizes patient well-
being by mitigating the risks of excessive ionizing radiation exposure. However, bone
grafts near implants can be challenging to visualize due to their discreet appearance
and imaging artefacts caused by the high density of titanium and zirconia. Following
radiation protection guidelines, this study supports the use of CBCT protocols with low
mA to assess bone grafts around dental implants, as long as these are analyzed

cautiously.
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CONCLUSION

It is possible to use CBCT protocols with low mA to assess the dehiscence of
bone grafts near titanium and zirconia implants. However, the use of CBCT for
evaluating bone graft dehiscence adjacent to different types of implants is still
questionable and should be approached with caution, due to factors such as the
imaging artifacts caused by the implants, which can lead to incorrect diagnoses.
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3 CONSIDERAGOES FINAIS

Os resultados deste trabalho indicaram que a utilizacdo de protocolos de TCFC
com baixas mA nao afetam a deteccéo de enxertos 6sseos ao redor de implantes de
titanio e zirconia. Baixas mA ndo comprometem a qualidade do processo diagnostico
e ao mesmo tempo reduzem significativamente a exposigdo dos pacientes a radiagao.
Entdo, as imagens obtidas com o uso de baixo mA estdo alinhadas com o principio
ALADA.

Entretanto € importante ressaltar que estas imagens devem ser avaliadas com
cautela, pois materiais de alta densidade como o titanio e a zirconia causam artefatos
de imagem nos exames de imagens de TCFC, e isto pode influenciar na tarefa
diagndstica proposta.

Portanto, este trabalho corrobora com o uso de protocolos de TCFC de baixos
mA para avaliar enxertos dsseos autdogenos ao redor de implantes dentarios desde
que as imagens sejam avaliadas de maneira cuidadosa, fornecendo uma solugéo

segura e eficiente que segue as diretrizes de baixa exposi¢céo a radiagéo.
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APENDICE A — Metodologia Detalhada da Pesquisa

Descrigao das amostras

A amostra foi composta por 40 blocos 6sseos obtidos de costelas bovinas
frescas que foram seccionadas com dimensdes aproximadas de 4cm x 4cm x 2cm
(PINHEIRO; GAIA; DE SALES; UMETSUBO et al., 2015; VIDOR; LIEDKE;
VIZZOTTO; DA SILVEIRA et al., 2017), foram incluidos os blocos 6sseos de tamanho,
espessura suficientes para a preparacao do sitio para implantes e foram excluidos os
que nao apresentaram densidade Ossea adequada visualizadas por exame
radiografico.

Instalagao dos implantes de titanio

Inicialmente foi utilizada broca trefina @ 8 mm (WF Cirurgicos; Sao Paulo;
Brasil) até a profundidade de 5mm e dessa maneira, foi criada uma lacuna de 2 mm
entre o implante e o bloco de osso em todas as suas faces. Com o auxilio de guia
cirargico confeccionado em resina acrilica autopolimerizavel (Artigos Odontologicos
Classico Ltda.; Sdo Paulo; Brasil) para padronizagéo das instalagdes dos implantes
na regiao central dos blocos de costela bovina, vinte parafusos de implantes de titanio
(Neodent® Acqua™; Neodent, S&o Paulo; Brasil) de dimensdes 3,5mm de didametro x
10mm de comprimento foram inseridos por um especialista em implantodontia. As
perfuragdes para a instalacdo dos implantes de titanio foram feitas até a fresa de
didmetro 3,5mm e profundidade 10,0mm utilizando motor de implante (NSK Surgic
Pro®; NSK America Latina Ltda; Joinville; Brasil) e contra angulo cirurgico (Ti-Max X-
SG20L; NSK America Latina Ltda; Joinville; Brasil). As fresas utilizadas durante a
perfuragao foram do Kit case (Neodent®, Zirconia Implant Compact Surgical Kit Case,
Neodent, Curitiba; Brazil). Foram utilizadas as fresas Inicial e @ 2.0 a 1.200 R.P.M.
para perfuragédo inicial e em sequéncia as fresas & 2.8/3.5 e & 3.5 até a profundidade

de 10mm para instalagdo do implante.

Instalacao dos implantes de zircénia

Inicialmente foi utilizada broca trefina @ 8 (WF Cirurgicos; Séo Paulo; Brasil) até a

profundidade de 5mm e dessa maneira, foi criada uma lacuna de 2 mm entre o
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implante e o bloco de osso em todas as suas faces. Com o auxilio de guia cirurgico
confeccionado em resina acrilica autopolimerizavel (Artigos Odontolégicos Classico
Ltda.; Sdo Paulo; Brasil) para padronizagédo das instalagées dos implantes na regiao
central dos blocos de costela bovina, vinte parafusos de implantes de zircdnia
(Neodent® Ceramic Implant System™; Neodent, Sdo Paulo; Brasil) de dimensées
3,75mm de diametro x 10mm de comprimento foram inseridos por um especialista em
implantodontia. As perfuragdes para a instalacdo dos implantes de zircbnia foram
feitas até a fresa de didmetro 3,75mm e profundidade 10,0mm utilizando motor de
implante (NSK Surgic Pro®; NSK America Latina Ltda; Joinville; Brasil) e contra &ngulo
cirurgico (Ti-Max X-SG20L; NSK America Latina Ltda; Joinville; Brasil). As fresas
utilizadas durante a perfuragdo foram do Kit case (Neodent®, Zirconia Implant
Compact Surgical Kit Case, Neodent, Curitiba; Brazil). Foram utilizadas as fresas
Inicial e & 2.0 a 1.200 R.P.M. para perfuracéo inicial e em sequéncia as fresas & 3,5
curto, @ 3.75 curto @ 3,75 Countersink e @3,75 Macho de rosca até a profundidade
de 10mm para instalagdo do implante.

Alocagao das amostras

Os blocos 6sseos preparados foram alocados individualmente em recipientes
plasticos com 5cm de diametro, fixados com cera utilidade (Lysanda® Lysanda
Produtos Odontologicos; Sdo Paulo; Brasil) na superficie inferior do recipiente. Foi
preparada gelatina balistica com 48 g de gelatina incolor (Royal, Mondelez Brasil
LTDA, Sao Paulo - SP, Brasil), 200 ml de glicerina bidestilada (Razzo, USP, Sado Paulo
- SP, Brasil) e 500 ml de agua(NASCIMENTO; FONTENELE; LOPES; SANTAELLA et
al., 2021). O material recobriu todos os corpos de prova afim de simular o tecido mole.
Os blocos de osso com os implantes instalados e envoltos pela gelatina balistica foram
mantidos refrigerados até o momento da aquisicdo das imagens.

Aquisicao das imagens

Para a aquisicdo das imagens foi utilizado o tomodgrafo OP300
(Instrumentarium, Tuusula, Finlandia). Os corpos de prova foram posicionados no
aparelho de TCFC com o auxilio de uma plataforma de poliestireno com demarcacgdes
em caneta permanente, para permitir a padronizacdo do posicionamento durante

todas as aquisicbes. Adicionalmente, foram utilizadas as luzes de referéncia para
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padronizagao de posicédo dentro do campo de visao, de maneira que o corpo de prova
esteve no centro deste. Para cada corpo de prova, as imagens de TCFC foram
adquiridas variando-se os parametros de corrente do tubo (miliamperagem — mA).

Foram adquiridas imagens dos grupos de implantes de titanio e de zircbnia,
com lacunas totalmente preenchidas com enxerto ésseo (n=20) e com lacunas com
enxerto 6sseo removido até a terceira espira do implante (n=20), utilizando protocolo
de aquisigao de imagens de TCFC com kilovoltagem 90kV, campo de visdo 6x4, voxel
de 0,133mm e com 03 miliamperagens diferentes(4, 6,3 e 10 mA), totalizando 120

volumes.
Avaliagao das imagens

AplOs a aquisicdo das imagens, estas foram exportadas do software de
aquisicao no formato DICOM e armazenadas em dispositivos de memoaria externa e
distribuidas para 5 os avaliadores especialistas em radiologia odontoldgica e
imaginologia, com pelo menos 5 anos de experiéncia com avaliagdo de imagens de
TCFC. Previamente a avaliagdo das imagens, foi realizada uma sessao de calibragéo
e treinamento com os avaliadores para explanar a condi¢c&o a ser avaliada (i.e., perda
do enxerto 6sseo peri-implantar). Para a avaliagao, os avaliadores foram instruidos a
realizarem em ambiente calmo e com iluminagao reduzida, préprio para a avaliagéao
de imagens de TCFC, utilizando monitor de alta performance e usando o programa
OnDemand 3D (Cybermed, Irvine, CA, EUA). Para cada um dos exames, 0s
avaliadores teve que atribuir um escore para a presenca da perda do enxerto de
acordo com uma escala de 5 pontos, descrita como: 1 — certamente sem perda do
enxerto; 2 — provavelmente sem perda do enxerto; 3 — incerto; 4 — provavelmente com
perda do enxerto; e 5 — certamente com perda do enxerto. Os avaliadores foram
instruidos a avaliar 20 volumes de TCFC por semana, com intervalo de pelo menos
um dia entre as avaliagdes, a fim de evitar fadiga visual e viés acerca de memorizagao

das amostras.

Trinta dias apos o término da avaliagdo das imagens, 25% da amostra foi
reavaliada, sob as mesmas condi¢cdes, para verificagdo da reprodutibilidade do
método.
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Analise Estatistica

Os dados obtidos foram analisados utilizando o software SPSS 25.0 (IBM®
SPSS, Armonk, EUA) e o GraphPad Prism v8 (GraphPad, La Jolla, EUA).

A concordancia intra e interexaminadores foi avaliada usando o teste Kappa
ponderado.

A area sob a curva ROC (AUC) foi calculada considerando diferentes mA e
tipos de implante, com a avaliagdo em uma escala de 5 pontos. Além disso, os valores
de diagndstico de acuracia, sensibilidade e especificidade foram calculados com
dicotomizagdo dos dados, considerando pontuacdes 1, 2 e 3 como auséncia de
deiscéncia do enxerto 6sseo e 4 e 5 como presencga de deiscéncia do enxerto 6sseo.
Esses valores também foram calculados considerando os diferentes mA e tipos de
implante.

Os valores diagnosticos foram expressos como média e desvio padrao (entre
os avaliadores) para cada condicdo e foram comparados usando a analise de
variancia de dois fatores (ANOVA Two-Way) com um nivel de significancia de 5%.
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ANEXO A - Aprovagio do Comité de Etica em Uso de Animais (CEUA)

MINISTERIO DA EDUCACAO
Universidade Federal de Alfenas - UNIFAL-MG
|Z| Lei n® 11.154, de 29 de julho de 2005 |Z|

Comissao de Etica no Uso de Animais - CEUA/UNIFAL-MG

Certificado

Certificamos que a proposta intitulada Otimizacao de imagens de
tomografia computadorizada de feixe conico na avaliacao de enxertos dsseos
particulados sintéticos e bovinos em diferentes tipos de implantes imediatos,
registrada com o n? 0018/2022, sob a responsabilidade de Hugo Gaeta Araujo, que envolve a produgao,
manutencao ou utilizacdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto humanos),
para fins de pesquisa cientifica, com vigéncia de 01/08/2022 a 30/11/2023, encontra-se de acordo com
0s preceitos da Lei n® 11.794, de 8 de outubro de 2008, do Decreto n? 6.899, de 15 de julho de 2009, e com
as normas editadas pelo Conselho Nacional de Controle de Experimentacao Animal (CONCEA), e foi aprovado
pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA-UNIFAL) DA UNIVERSIDADE FEDERAL DE ALFENAS.

|Espécie/linhagem/ra;a Total de animais|Total de machos|Total de fémeas| Origem
]Bovino / Néo se aplica 0 0 0 Frigorifico

Alfenas, 24 de Maio de 2022

Prof(a). Dr(a). Pollyanna Francielli de Oliveira
Coordenador(a) do CEUA/UNIFAL - MG

Para verificar acesse: ht unifal-mg.edu i tificado/ e digite a chave: 3641cc56e4bf17852287b1fdbad7alel
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ANEXO B — Normas da Revista Clinical Oral Investigations

Instructions for Authors

Types of papers

Papers may be submitted for the following sections:

Research Article

Reviews

Brief Report — with up to 2000 words and up to two figures and/or tables
Correspondence (Discussion paper)

Debate (Letter to the Editor)

Perspective (by Editor invitation only)

Perspective articles are focused articles on topics of interest to a broad audience, but
are written from a personal viewpoint. They are intended to provide a forum to be more
speculative than Reviews, but should remain balanced and are intended to cover timely
and relevant topics. These articles are peer reviewed.

Limited to 1,500-3,000 words (excluding abstract, references and figure legends);
Unstructured abstract 200 words; 4 tables/figures; 60 references

It is the general policy of this journal not to accept case reports and pilot studies.

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author
Abstract

Please provide a structured abstract of 150 to 250 words which should be divided into
the following sections:

Objectives (stating the main purposes and research question)

Materials and Methods

Results

Conclusions

Clinical Relevance

These headings must appear in the abstract.

Keywords
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Please provide 4 to 6 keywords which can be used for indexing purposes.

Text

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions). Manuscripts with mathematical content can also be submitted in LaTeX.
We recommend using Springer Nature’s LaTeX template.

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation of
a reference included in the reference list. They should not consist solely of a reference
citation, 78 and they should never include the bibliographic details of a reference. They
should also not contain any figures or tables.
Footnotes to the text are numbered consecutively; those to tables should be indicated
by superscript lower-case letters (or asterisks for significance values and other
statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section
on the title page. The names of funding organizations should be written in full.
References

Citation

Reference citations in the text should be identified by numbers in square brackets.
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Some examples:

1.Negotiation research spans many disciplines [3].

2.This result was later contradicted by Becker and Seligman [5].

3.This effect has been widely studied [1-3,7].

Reference list

The list of references should only include works that are cited in the text and that have
been published or accepted for publication. Personal communications and unpublished
works should only be mentioned in the text.

The entries in the list should be numbered consecutively.

If available, please always include DOls as full DOI links in your reference list (e.g.
“https://doi.org/abc”).

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009)
Effect of high intensity intermittent training on heart rate variability in prepubescent
children. Eur J Appl Physiol 105:731-738.

https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med
965:325-329

Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production.
J Mol Med. https://doi.org/10.1007/s001090000086

Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California
Always use the standard abbreviation of a journal’s name according to the ISSN List
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of Title Word Abbreviations, see ISSN.org LTWA 80

If you are unsure, please use the full journal title.

Authors preparing their manuscript in LaTeX can use the bibliography style file sn-
basic.bst which is included in the Springer Nature Article Template.
Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the
table. Identify any previously published material by giving the original source in the
form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or asterisks
for significance values and other statistical data) and included beneath the table body.
Artwork and lllustrations Guidelines

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was wused to create the artwork.
For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.

Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.
Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information
will still be visible. Many colors are not distinguishable from one another when
converted to black 81 and white. A simple way to check this is to make a xerographic
copy to see if the necessary distinctions between the different colors are still apparent.
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If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2
3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"A1, A2,
A3, etc." Figures in online appendices [Supplementary Information (Sl)] should,
however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.
Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted within the body of the text. Only if the file size of the
manuscript causes problems in uploading it, the large figures should be submitted
separately from the text. When preparing your figures, size figures to fit in the column
width.
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For large-sized journals the figures should be 84 mm (for double-column text areas),
or 174 mm (for single-column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be
aware that some publishers do not grant electronic rights for free and that Springer will
not be able to refund any costs that may have occurred to receive these permissions.
In such cases, material from other sources should be used. Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that
All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)
Any  figure lettering has a contrast ratio of at least 4.5:1
Supplementary Information (Sl)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be
printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should
read the journal’s Research data policy. We encourage research data to be archived
in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.
Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.
To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems
during downloading. High resolution (streamable quality) videos can be submitted up
to a maximum of 25GB; low resolution videos should not be larger than 5GB.

Audio, Video, and Animations
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Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files
Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4yv,
3gp Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability. A collection of figures may also be combined in a PDF file.
Spreadsheets

Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).
Specialized Formats
Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),
and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4.
Name the files consecutively, e.g. ‘ESM_3.mpg’, “‘ESM_4 .pdf”.
Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Supplementary Information (SI) will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk).

Clinical Trial Registration

Clinical trials must be registered prior to submission of manuscripts. The registration
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site must be publicly available in English.
Author contributions
In absence of specific instructions and in research fields where it is possible to describe
discrete efforts, the Publisher recommends authors to include contribution statements
in the work that specifies the contribution of every author in order to promote
transparency. These contributions should be listed at the separate title page.
Affiliation
The primary affiliation for each author should be the institution where the majority of
their work was done. If an author has subsequently moved, the current address may
additionally be stated. Addresses will not be updated or changed after publication of
the article.
Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest
(financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section
entitted “Compliance with Ethical Standards® when submitting a paper:
Disclosure of potential conflicts of interest
Research involving Human Participants and/or Animals
Informed consente

Please note that standards could vary slightly per journal dependent on their
peer review policies (i.e. single or double blind peer review) as well as per journal
subject discipline. Before submitting your article check the instructions following this
section carefully.
The corresponding author should be prepared to collect documentation of compliance
with ethical standards and send if requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure

to fulfill the above-mentioned guidelines.



