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Ao final de uma grande jornada, o Sdbio,
para, oltha para o longo trajeto percorrido,

reflete, ora e agradece.

Assim é possivel reconhecer a dimensdo do
caminho percorrido; a mudanca interior
advinda da jornada; e perceber que nunca,

nunca caminhamos sozinhos
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PREFACIO

Essa tese é constituida por trés artigos cientificos desenvolvidos durante
0 Programa de Doutorado com Estagio no Exterior (PDEE), no Academic Centre
for Dentistry Amsterdam (ACTA), Holanda:

e Capitulo 1 - “Effects of different techniques and canal area on the quality
of laterally compacted root fillings”, submetido para publicacdo no

periddico International Endodontic Journal.

o Capitulo 2 - “Glucose reactivity with filling materials as a limitation for
using the glucose penetration model”, aceito para publicacdo no periédico
International Endodontic Journal.

o Capitulo 3 - “Comparability of the results of two leakage models”, aceito
para publicacdo no periédico Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology.



Souza EM. Avaliagdo da qualidade de canais radiculares obturados por
diferentes materiais e técnicas e da confiabilidade do modelo de penetragdo de
glicose [tese doutorado]. Araraquara: Faculdade de Odontologia da UNESP;
2008.

Resumo

Diferentes técnicas de compactacao da guta-percha (GP) e cimentos oburadores
podem alterar a qualidade final da obturagdo do canal radicular. Recentemente
foi introduzido um novo modelo de analise da qualidade de obturacbes
endodénticas baseado na mensuragao da concentracdo da glicose que passa
pela falha na obturacdo. Este trabalho € composto por trés capitulos cujos
objetivos foram: a) determinar os efeitos de variagbes na técnica de
condensacdo lateral (LC) e da area do canal na qualidade da obturacdo; b)
verificar se diferentes materiais obturadores alteram a concentragédo do tragador
utilizado no modelo de penetracdo de glicose, e; c) determinar se sdo similares
os resultados de infiltracdo dos mesmos espécimes avaliados pelos modelos de
penetracdo de glicose e transporte de fluidos. No primeiro estudo sessenta
caninos humanos foram instrumentados e divididos em trés grupos obturados
por diferentes técnicas de LC e cimento AH Plus. Uma nova técnica usando uma
seqliencia de espacadores antes da colocacdo de um cone acessorio foi
comparada com duas técnicas comumente utilizadas. As raizes obturadas foram
seccionadas nos niveis 3 mm e 6 mm a partir do apice e as seccgoes
fotografadas. Usando um software de analise de imagens, as areas do canal e
de GP em cada nivel foram mensuradas e a porcentagem de area obturada por
guta-percha (PGP) foi calculada. Andlise multipla de variancia foi utilizada para
verificar as variaveis influenciando a PGP. Teste de regressao linear foi utilizado
para verificar a influéncia da area do canal na PGP em cada nivel de secgéo. Em
ambas as secg¢des o canal mais largo foi 2-3 vezes maior que o menos largo.
Quanto maior a area do canal, menor a PGP nos niveis 6 mm (r?=0,154, P=0,02)
e 3 mm (r’=0,119, P=0,007). A PGP no nivel 3 mm foi menor que a 6 mm
(P=0.003). A nova técnica atingiu maior PGP que as demais em ambos 0s niveis
(P<0.05). No segundo estudo, foram produzidos 10 corpos de prova (diametro 5

mm e espessura 2 mm) de cada um dos seguintes materiais:



cimento Portland, MTA (cinza e branco), Sealer 26, sulfato de célcio, hidréxido
de célcio - Ca(OH),, AH26,Epiphany, Resilon, GP e dentina. Apés manter os
discos por 1 semana em 37°C e em condi¢gdes de umidade, os mesmos foram
imersos em 0.2 mg/mL de solucdo de glicose. A concentracdo de glicose foi
avaliada por meio de uma reacdo enzimatica apdés 1 semana de imerséao.
Cimento Portland, MTA, Ca(OH), e Sealer 26 reduziram a concentracao de
glicose significantemente (P<0.05). Os outros materiais ndo influenciaram a
concentracao de glicose. No terceiro estudo caninos foram preparados e
obturados com cones de GP e um de 4 diferentes cimentos endoddnticos (20
dentes por grupo). Os oitenta espécimes foram inicialmente conectados a um
modelo de transporte de fluidos onde o movimento de uma bolha de ar foi
mensurado. Os mesmos espécimes foram posteriormente conectados a um
modelo de penetracédo de glicose onde a concentracdo de glicose foi mensurada.
Em ambos os modelos, uma pressao atmosférica de 360 cm H,O foi utilizada
para acelerar a infiltragdo. Nos 4 cimentos os niveis de infiltracdo demonstrados
pelos dois modelos foram similares e uma correlacdo significante entre os
resultados dos dois modelos foi confirmada (Spearman test, coefficient=0.65,
P=0.000001). Dentro das limitagbes dos presentes estudos foi possivel concluir
que: a) variagdes na técnica de LC e na area do canal influenciaram a qualidade
das obturacdes. A PGP de técnicas de LC foi menor no nivel apical; b) cimento
Portland, MTA, Ca(OH). e Sealer 26 reagem com a glicose e, portanto nao
devem ser avaliados em relacéo a capacidade de selamento por meio do método
de penetracdo de glicose; c) foram similares os resultados de infiliracdo de 80
raizes demonstrados pelos modelos de transporte de fluidos e de penetracao de
glicose.

Palavras-chave: Materiais restauradores do canal radicular; infiltracdo dentaria;
guta-percha; glucose.



Souza EM. Evaluation of the quality of roots filled with different materials and
techniques and of the glucose penetration model’s reliability [tese doutorado].
Araraquara: Faculdade de Odontologia da UNESP; 2008.

Abstract

Different gutta-percha (GP) compaction techniques and root canal sealers may
affect the final quality of the root canal filling. Recently, it was discussed a new
method for evaluation of the quality of root filings based on measuring the
concentration of the glucose that penetrates through voids in the obturation. This
work is divided in 3 chapters aiming to: a) determine the effects of different
techniques and canal area on the quality of laterally compacted root fillings; b)
verify whether different filling materials react with the tracer used in the glucose
penetration model, and; c) determine whether leakage results of the same
specimens measured by the glucose penetration and fluid transport are
comparable. In the first study sixty extracted canines were instrumented to the
same size and equally divided in three groups filled with laterally compacted GP
cones and AH Plus sealer using different techniques. A new technique with use
of a sequence of spreaders prior to the accessory cone placement was compared
to two commonly used techniques. The filled roots were horizontally sectioned at
3 mm and 6 mm from the apex and micro-photographs of the cross-sections were
taken. Using an image-analysis software, the canal and GP areas at each level
were measured. The percentage of gutta-percha filled canal area (PGP) was
calculated. A Multivariate analysis was used to account for the variables
influencing the PGP. Linear regression test was used to verify the influence of
canal area on PGP. At each level the largest canal was 2-3 times larger than the
smallest. The larger the canal area, the lower the PGP at 6 mm level (r°= 0.154,
P=0.02) and at 3 mm level (r*=0.119, P=0.007). The PGP at 3 mm was lower
than at 6 mm (P=0.003). The new technique achieved higher PGP than other
techniques (P=0.00002). In the second study ten uniform discs (radius 5 mm,
thickness 2 mm) were made of each of the following materials: Portland cement,
MTA (grey and white), Sealer 26, calcium sulfate, calcium hydroxide - Ca(OH),
AH26, Epiphany, Resilon, GP and dentine. After keeping the discs 1 week in

37°C and humid conditions, they were immersed in 0.2 mg/mL glucose solution.



The concentration of glucose was evaluated using an enzymatic reaction after 1
week. Portland cement, MTA, Ca(OH), and Sealer 26 reduced the concentration
of glucose significantly (P<0.05). The other materials did not influence the
glucose concentration. In the third study canine root canals were prepared and
filled with cold GP cones and one of four sealers (20 canals each sealer). The 80
specimens were first connected to a fluid transport model where air-bubble
movement was measured. The same specimens were later connected to a
glucose penetration model where the concentration of glucose was measured. In
both models, a headspace pressure of 360 cm H.O was used to accelerate
leakage. In both models four sealers ranked the same regarding the leakage they
allowed, and a significant correlation between the results of the two models was
confirmed (Spearman test, coefficient=0.65, P=0.000001). Within the limitation of
the present studies, it was possible to conclude that: a) variations in the
technique and canal area influenced the quality of laterally compacted root
fillings. The PGP of LC fillings was lower at the apical level; b) Portland cement,
MTA, Ca(OH). and Sealer 26 reacted with glucose and therefore should not be
evaluated for their sealing ability with the glucose penetration model; c) leakage
results of 80 specimens recorded in the fluid transport model and glucose

penetration model were comparable.

Keywords: Root canal filling materials; dental leakage; gutta-percha; glucose.



1 INTRODUCAO

A obturagdo do canal radicular baseia-se na idéia de que a saude dos
tecidos periapicais somente é alcangada ou mantida se for prevenida a re-
infeccdo por via coronaria e/ou se forem aprisionadas as bactérias

remanescentes ao preparo biomecanico®*

. Em raizes instrumentadas, porém
ndo obturadas foi observada uma severa alteragao histologica caracterizada por
reacdo inflamatéria cronica periapical e reabsorcdo 6ssea e radicular'?. Desta
forma, a obturacdo do canal radicular constitui-se como barreira mecanica que
busca isolar os tecidos periapicais das fontes de infeccdo que circundam o canal
radicular e, portanto, a qualidade desta passa a ser um dos fatores que
concorrem para o sucesso do tratamento endoddntico.

Apesar de todos o0s recentes avangos na obturacdo endodbntica
adesiva®®, guta-percha (GP) e cimentos endodénticos ainda sdo os materiais
obturadores mais freqlentemente utilizados. Por possuir estabilidade
dimensional® e ser impermeéavel & fluidos®, o aumento na densidade de GP
durante a obturagdo do canal radicular é rotineiramente indicado. Portanto a
densidade de GP ou porcentagem de area obturada com GP (PGP) é
considerada um parametro de mensuragéo da qualidade da obturagdo do canal
radicular® %2385,

Para aumentar a PGP é necessaria a compactacdo da GP'. Diversas
técnicas de compactacdo da GP tém sido propostas'®*®, no entanto, a
condensacao lateral a frio da GP (LC) se destaca como a técnica mais ensinada
e praticada mundialmente*®. Além de ser o método de escolha para muitos

clinicos®'62°

, a LC é a técnica padrdao contra a qual, novos métodos de
obturacéo s&o testados®.

Embora originalmente descrita com o objetivo de elevar a densidade de
GP em relacéo ao cimento no interior do canal radicular'®, baixos niveis de PGP
sao freqlientemente reportados apdés o uso de LC, especialmente na regido
apical'®'# Como os cones de GP sdo conicos, h4& uma tendéncia a
acontecer o preenchimento da regido coronaria do canal prematuramente a
regido apical’. Quando esta obturacdo prematura ocorre, a colocacdo de cones
apicalmente se torna impossivel’’, a ndo ser que forcas excessivas sejam

transferidas ao espacador, o que pode aumentar o risco de fratura dental®™*’.
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Para evitar o risco de obturagdo prematura do canal radicular usando LC, é
necessario um preparo do canal radicular que apresente suficiente conicidade®.
No entanto, ainda n&o foi definida a conicidade ideal para obturar o canal com
LC. Ademais, em canais onde a configuracao anatémica apical (area do canal) é
originalmente ampla®, alcancar a conicidade ideal para obturar o canal com LC
pode ser ainda mais dificil.

Além disso, variagdes na técnica de LC sao freqlientemente descritas na
literatura especializada, principalmente relacionadas ao uso de espacadores e
de cones acessorios'®*°. Desta forma, técnicas usando espagadores digitais ou
digito-palmares, cones de GP com conicidades estandarte de 2% ou com
conicidades n&o-estandarte (maiores que 2%) tém sido descritas*®. Estas
variagées também podem alterar a PGP alcangada pela técnica de LC.

Além da mensuracao da PGP alcangada por uma técnica de obturagao,
outro parametro utilizado para a mensuragdo da qualidade de obturagdes
radiculares é a determinagdo da capacidade seladora da obturagdo. Desta
forma, inUmeros trabalhos avaliando a capacidade de materiais e técnicas
obturadoras de prevenir a penetragdo de tracadores pelo espago do canal
radicular ainda s&o conduzidos baseados na idéia de que obturagbes
defeituosas podem servir como vias para a migragado de bactérias e toxinas em
direcdo ao apice radicular*'*.

Diversos métodos de andlise da capacidade seladora da obturagdo tém
sido propostos sendo os mais comumente empregados a penetracao de
corantes, a penetragdo bacteriana, o ftransporte de fluidos (TF) e mais
recentemente a penetracdo de glicose (PG). Os métodos de TF* e PG>® visam
quantificar a passagem de fluidos pela falha na obturacao, indicando, por meio
do volume de fluido quantificado, se o calibre total das falhas na obturagcéo é de

pequeno ou grande porte®'#?

. Supostamente, um grande volume de falhas
permitiria a passagem de mais bactérias e toxinas em direg@o ao apice radicular.

Modelos in vitro de analise da capacidade seladora sdo constantemente
julgados no que tange a sua aplicabilidade clinica e reprodutibilidade®. Desta
forma, uma abordagem critica aos diferentes modelos é requerida para garantir a
confiabilidade dos resultados. Enquanto no modelo de TF, a agua é utilizada
para quantificar a infiltragdo, no modelo de PG o tragador da infiltragdo é uma

solucdo concentrada de glicose®®. Um dos problemas relacionados ao uso de
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tracadores em modelos de infiltragao € que o tragador pode reagir quimicamente
com os materiais testados, lancando duvidas sobre a confiabilidade das
conclusdes postuladas em tais testes. Ja foi previamente demonstrado, por
exemplo, que o azul de metileno, freqlentemente utilizado em estudos de
penetracdo de corantes, perde a cor quando em contato com alguns materiais
dentarios®, e que alguns materiais obturadores poderiam inibir diretamente
bactérias em modelos de penetracdo bacteriana®.

Assim, considerando-se que varios estudos recentes tém utilizado o
modelo de PG para quantificar a infiltragdo de materiais e técnicas de obturagao

do canal radicular??30-36:37.43.61

, urge verificar se diferentes materiais obturadores
sdo capazes de reagir com a glicose alterando a sua concentragédo resultando
em conclusoes irreais sobre a capacidade de selamento dos materiais testados.

Além disso, sempre que novos modelos de estudo sédo propostos se faz
necessario checar a confiabilidade dos resultados comparando-os com os
resultados de modelos ja existentes na literatura. Idealmente, para garantir uma
comparagdo sem viés entre os resultados de dois modelos, os mesmos
espécimes devem ser testados em ambas as metodologias. Apesar de ter sido
previamente demonstrado que o modelo de PG é mais sensitivo em demonstrar
infiltracdo do que o TF*, n&o foi ainda testado se sdo comparaveis os resultados
de infiltragdo das mesmas amostras quando testadas nos dois modelos de
infiltracao.

Baseado no exposto foi objetivo dos trabalhos inseridos nos trés capitulos
que compdem esta tese: verificar os efeitos de variacdes na técnica de LC e da
area do canal na qualidade das obturacdes; determinar se diferentes materiais
obturadores alteram a concentracdo do tracador utilizado no modelo de
penetracdo de glicose, e; determinar se sao similares os resultados de infiltracdo
dos mesmos espécimes avaliados pelos modelos de penetracdo de glicose e
transporte de fluidos.



2 OBJETIVOS

Objetivos gerais:

- verificar os efeitos de diferentes técnicas e materiais obturadores na
qualidade da obturacéo do canal radicular;

- determinar a confiabilidade do modelo de andlise da qualidade da
obturacdo endodobntica baseado na penetracdo de glicose pela falha na
obturagéo.

Objetivos especificos:

- determinar os efeitos de variagdes na técnica de condensagéo lateral e
da area do canal na qualidade da obturagao;

- verificar se diferentes materiais obturadores alteram a concentracéo do
tracador utilizado no modelo de penetracao de glicose;

- determinar se sédo similares os resultados de infiltragdo dos mesmos
espécimes avaliados pelos modelos de penetragdo de glicose e transporte de
fluidos.



3 CAPITULO 1

Este capitulo é constituido pelo seguinte artigo:

Souza EM, Wu M-K, van der Sluis LW, Leonardo RT, Bonetti-Filho | & Wesselink
PR. Effects of different techniques and canal area on the quality of laterally
compacted root fillings. Submetido para publicagdo no periddico International
Endodontic Journal.

No Anexo 1 estdo incluidas as Tabelas A1, A2, e A3 com os valores
individuais de area do canal, porcentagem de area obturada por guta-percha
(PGP) e porcentagem de falhas na obturagédo (PV), respectivamente. As Figuras
A1 e A2 representam imagens das seccoes transversais nos niveis 6 mm e 3

mm a partir do dpice nos grupos 1 e 2, respectivamente.
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Abstract

Aim To verify whether different techniques and the canal area influence the
quality of laterally compacted root fillings.

Methodology Sixty extracted canines were instrumented to the same size and
equally divided in three groups filled with laterally compacted gutta-percha cones
and AH Plus sealer using different techniques. A new technique with use of a
sequence of spreaders prior to the accessory cone placement was compared to
two commonly used techniques. The filled roots were horizontally sectioned at 3
and 6 mm from the apex and micro-photographs of the cross-sections were
taken. Using an image-analysis software, the canal and gutta-percha areas at
each level were measured. The percentage of gutta-percha filled canal area
(PGP) was calculated. A Multivariate analysis was used to account for the
variables influencing the PGP. Linear regression test was used to verify the
influence of canal area on PGP.

Results At each level the largest canal was 2-3 times larger than the smallest.
The larger the canal area, the lower the PGP at 6 mm level (r2= 0.154, P=0.02)
and at 3 mm level (*=0.119, P=0.007). The PGP at 3 mm was lower than at 6
mm (P=0.003). The new technique achieved higher PGP than other techniques
(P=0.00002).

Conclusions Variations in root canal filling technique and canal area influenced
the quality of laterally compacted root fillings. The PGP was lower at the apical
level.
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Introduction

Gutta-percha (GP) compaction techniques in endodontics are based on the idea
that most sealers are not dimensionally stable (Qrstavik 1983, Kazemi et al 1993,
Kontakiotis ef al. 1997) and therefore, in the root canal, the ratio of GP to sealer
should be as high as possible. The percentage of GP filled canal area (PGP) has
been used as a measure of the quality of root canal filling (Silver et al. 1999, Wu
etal 2001, Gound et al. 2001, Jarrett et al. 2004).

Cold lateral compaction (LC) is taught and practiced worldwide (Cailleteau
& Mullaney 1997, Dulaimi & Wali Al-Hashimi 2005). It remains the technique of
choice for many clinicians (Jarrett et al. 2004, Dulami & Wali Al-Hashimi 2005,
Gulsahi et al. 2007) and serves as gold-standard to which new techniques are
compared (Gordon et al. 2005, Xu et al. 2007).

Since it was first described (Hall 1930), several modifications were
introduced mainly regarding the use of spreaders and accessory cones (Weine
1996, Gutmann & Witherspoon 2002). Hand and finger spreaders, 2%-tapered
standard GP cones, and larger-tapered non-standard GP cones are used
currently (Gutmann & Witherspoon 2002). According to the literature the PGP
achieved by LC varied from 43% (Kececi et al. 2005) to 100% (VanGheluwe &
Wilcox 1996) depending on the tooth group (canal width), technique, the level
where the root was sectioned, and other factors (Eguchi et al. 1985, Gencoglu et
al. 2002).

To increase the PGP with LC, a spreader is forced apically to create
space for an accessory cone. Whenever the spreader cannot penetrate deeper, it
indicates that the apical portion is filled and that there is no space for further GP
compaction. However, low PGP in the apical area after LC is frequently reported
(Eguchi et al. 1985, Gutmann et al. 2006). Attempts to increase PGP, through
high forces transferred to the spreader (Schmidt et al. 2000), might increase the
risk of root fractures (Meister et al. 1980, Wilcox et al. 1997).

Considering all GP cones are wider coronally, the coronal root canal is
prone to be filled earlier than the apical (premature coronal obturation), especially
if large-tapered non-standard accessory cones are used. When premature
coronal obturation occurs, placement of GP cones apically will become
impossible (Wu et al. 2003a). To prevent premature coronal obturation and
increase the PGP in the apical part, a sufficiently tapered root canal is required
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(Buchanan 2000). However, it has not been defined which taper should be
sufficient. Additionally, in original apically wide canals (Wu et al. 2000), reaching
the desired root canal taper for performing LC may became difficult.

The aim of the present study was to check the effects of different lateral
compaction techniques and the canal area on the quality of LC fillings at different

levels.

Materials and Methods

Specimens’ selection and preparation

Eighty caries-free maxillary and mandibular human canines were used. Proximal
radiographs confirmed the presence of a single straight root canal with 0.8 t01.0
mm internal diameter at 5 mm from the apex to ensure similar anatomic
conditions for all groups (Wu et al. 2003a). After coronal access, the working
length (WL) was determined 1 mm coronal of the apical foramen which was
determined by inserting a size 15 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) into the canal until the tip of the file was just visible.

The root canals were instrumented to WL with K-files sizes 20 to 50 and a
step-back flaring technique at 2 mm increments using Gates-Glidden sizes 2-4
(70-110) was performed resulting in a taper of 0.1 mm mm™. After each file, the
canals were irrigated with 2 ml of a 2% NaOCI solution. After instrumentation the
canals were irrigated with 6 ml of 2% NaOCI for 1 minute using passive ultrasonic
irrigation with the intermittent flush technique (van der Sluis et al. 2007). Canals
were dried with paper-points.

Groups division and root canal obturation

Samples were randomly distributed in 4 groups of 20 teeth each. The sealer (AH
Plus, Dentsply DeTrey GmbH, Konstanz, Germany) was placed in the root canal
by the bi-directional spiral #25 (EDS, Hackensack, NJ, USA) three-times, 5
seconds each, at 840 rpm to 1 mm short of WL. It was previously shown that the
use of bi-directional spiral to deliver sealer in the root canal resulted in more than
99% of canal area filled with both sealer and GP (Wu et al. 2003b). A standard
GP master cone (taper 0.02) size 45 (Henry Schein Inc., Mexico) was trimmed to
size 50 to facilitate standardization of the tip of GP cone. This GP cone was
coated with sealer and placed into the canal until WL. The specific variations in

the filling techniques, per group, are described below:
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Group I: finger spreader C (D; 0.3, taper 0.04) (Dentsply Maillefer,
Ballaigues, Switzerland) and standard accessory cones size 25 were used (Wu et
al. 2003a).

Group Il: a hand spreader size D11 (D, 0.5, taper 0.035) (RCSD116, Hu-
friedy, Chicago, USA) and non-standard accessory cones size medium-fine (D,
0.08, taper 0.034) (Autofit Analytic Endodontics, Glendora, USA) were used
(Gutmann & Witherspoon 2002).

Group Ill: A sequence of finger spreaders A-D (Dentsply Maillefer,
Ballaigues, Switzerland) was used before the placement of an accessory cone.
This method claims to effectively move and probably progressively deform GP,
enabling a better GP compaction. Spreader A (D; 0.2, taper 0.025) was
introduced alongside the master cone and kept in position for 15 seconds. After
removing spreader A, spreader B (D 0.25, taper 0.03) was introduced to the
same length and kept in position for 15 seconds. The same procedure was
repeated for spreaders C and finally D (D 0.35, taper 0.06). In case spreader D
did not reach the same length as C, the latter was re-introduced and selected as
final spreader and spreader D was not used anymore. The same was done to
spreader B in case of C did not reach the same length as B anymore. A standard
accessory cone was selected to fill the opened space according to the final
spreader: if D, GP cone size 30, if C, size 25, and in case of B, size 20.

Control Group: no spreader was used. Standard GP cones size 25 were
freely introduced in the root canal in one single movement until resistance was
met.

For all the experimental groups, spreaders were introduced for the first
time to 1 mm short to the WL and spreader compaction was carried out until 6
mm coronal of the starting point (Fig. 1). The samples were fixed on the plate of a
digital scale and the force applied to each spreader penetration (2 Kg maximum)
was controlled (Wu et al. 2003a). In the control group, accessory cones were
placed into canals as many as possible until when the same level (8 mm from the
apex) had been reached (Fig. 1). Each accessory cone was coated with sealer. A
heated plugger removed the coronal excess of GP with no further vertical
compaction. Roots were kept for one week at 37°C and 100% humidity for sealer

setting.
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Roots sectioning and images’ capture and analysis

A low-speed saw under water cooling (Sagemicrotom 1600; Leitz, Wetzlar,
Germany) sectioned horizontally the roots at 3 and 6 mm from the apex. Sections
were photographed (X50) with a Photomacroscoop M400 microscope (Wild,
Heerbrugg, Switzerland) and a digital camera and images saved as TIFF format.
Using a KS 100 Imaging system 3.0 (Carl Zeiss Vision GmbH, Hallbergmoos,
Germany) the canal, GP and voids areas (neither filled with GP nor sealer) were
outlined and measured. The percentage of GP-filled canal area (PGP) and the
percentage of voids (PV) were calculated at both sectioning levels. The
relationship between canal area and PGP was analyzed at both levels.
Statistical analysis

The results were analysed using a Multivariate analysis with a Bonferroni post-
hoc test for pairwise comparisons. PGP and PV were the dependent variables
while technique and levels fixed factors, and canal area covariate. A linear
regression test was used to verify the influence of canal area on the PGP at both

sectioning levels. Level of significance was set at 0.05.

Results
The results for canal area, GP area, voids area, PGP and PV at levels 3 and 6
mm from the apex in each group are described in Table 1.

Multivariate analysis demonstrated that the technique (P=0.00002), canal
area (P=0.009) and level (P=0.003) significantly influenced the PGP, but none of
these factors influenced PV (P>0.05).

Regarding the PGP, groups | and Il were not significantly different
(Multivariate analysis, P=0.172), but the PGP of group lll was significantly higher
than the PGP of groups | and Il (Multivariate analysis, P<0.001, Table 1).

At each level the largest canal was 2-3 times larger than the smallest.
Linear regression test demonstrated the influence of canal area on PGP, as the
larger the canal area the lower the PGP at both 3 mm (Beta=-0.346, r’=0.119,
P=0.007) and 6 mm (Beta=-0.392, r’>= 0.154, P=0.02) from the apex (Figure 2).
Regarding the level, the PGP at 3 mm was significantly lower than 6 mm
(Multivariate analysis, P=0.003).

The control group showed the lowest GP density and the highest voids

area (Fig. 3).



29

Discussion

In the present study, all canine canals have been instrumented to size 50 and
taper 0.10. A wide range of canal area was observed (Table 1), although all
canals were instrumented to the same size. At each level the largest canal was 2-
3 times larger than the smallest (Table 1). The canal area varied from 0.27 mm?
to 2.11 mm?, indicating that many canals were indeed originally larger than the
largest instrument used. Such variability in canal area in root canals instrumented
to the same size was already observed in previous reports (Wu et al. 2002a).
Although great differences in canal dimension exist between the largest and
smallest canals, clinically it is impossible to determine which canal is large. It has
been found that the first file that binds in the root canal does not measure the
apical diameter (Wu et al. 2002s). Therefore, as the size of the coronal root canal
was standardized (size 110), it might be that the wider the canal at 3 and 6 mm,
the smaller the taper. In those apically wide canals, the taper was insufficient for
performance of LC, premature coronal obturation might occur and the PGP at
both 3 and 6 mm was reduced (Buchanan 2000) (Fig. 2). Thus, canal area
significantly influences the PGP of LC fillings as the wider the canal area at 3 mm
and 6 mm, the lower the PGP (P<0.05). Actually, when the apical canal is
originally wide (Wu et al. 2000), the canal taper is not determined by the
instruments used; the quality of LC fillings is, therefore, not predictable.

Taper of the canal should not be the only factor that influenced the PGP
considering that group Ill showed significantly higher PGP at both levels than the
other two groups (Table 1) where commonly used techniques (Gutmann &
Witherspoon 2002, Wu et al. 2003a) were performed. Clearly, the use of a
sequence of spreaders prior to the accessory cone placement in group |l
enabled a better GP compaction (Fig. 4). The PGP achieved apically (Table 1,
Fig. 4) was comparable to that achieved by the warm GP technique using System
B (Silver et al. 1999, Gengoglu 2003). However, it is a time-consuming technique
because at least 1 min of compaction is required before an accessory cone can
be placed.

In group Il, larger-tapered non-standard GP cones were used. Due to the
large taper, those cones could interfere with each other at the coronal root canal

resulting in premature coronal obturation to occur more frequently. The average
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apical PGP was 16.1% lower for group Il than group Il (Table 1), indicating that
less GP density could be achieved at the apical root canal when larger-tapered
non-standard accessory cones are used.

In the present study, the force applied to each spreader was standardized
(2Kg) to avoid excessive and uncontrolled forces that might cause root fractures
(Meister et al. 1980) or influence the PGP. In addition, the size and taper of
accessory cones chosen in all groups was always smaller than the last spreader
used (Gound et al. 2001) to enable GP placement to the entire extension of the
spreader track. However, big round-shape unfilled voids, that seems to be
unfilled spreader tracks were frequently observed (Fig. 4) as in previous reports
(Eguchi et al. 1985, Brayton et al. 1973, Budd et al. 1991, Jarrett et al. 2004).
None of the samples in the control group were presented with big round-shape
unfilled voids. It may be that all three LC techniques left unfilled area (including
spreader tracks). Size variation within accessory cones of the same brand (Moule
et al. 2002) and lack of size standardization between spreaders and accessory
cones (Hartwell et al. 1991) may be the rationale for the observation of unfilled
spreader-tracks. Under the conditions of this study, the PV was neither influenced
by the technique, nor the canal area, nor the level.

Since several factors might potentially influence the quality of root fillings,
a multivariate analysis was used in the present study to ensure the simultaneous
investigation of the influence of various potential factors on either PGP or PV.
According to the results of the present study, variations in the root canal filling
technique, canal area and the level significantly influenced the quality of laterally
compacted root fillings.

Conclusions

Canal area influenced the PGP achieved by LC at both 3 and 6 mm levels, as the
larger the canal area, the lower the PGP. A new technique with use of a
sequence of spreaders prior to the accessory cone placement enabled a better

GP compaction than commonly used techniques.
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Table 1. The canal area, percentages of gutta-percha filled canal area (PGP) and

percentage of voids (PV)

Group

3mm
6mm

total

3mm
6mm
total

1]
3mm
emm

total

Control
3mm
emm

total

Average canal
area (range) in

mm?

0.54 (0.34-0.85)
1.23 (0.87-1.7)

0.48 (0.31-0.91)
1.15 (0.73-1.94)

0.42 (0.27-0.74)
1.02 (0.61-2.11)

0.53 (0.36-0.79)
0.96 (0.72-1.36)

Average GP
area (+SD)

in mm?

0.40 (£0.12)
0.96 (+0.21)

0.34 (+0.12)
0.84 (+0.20)

0.36 (+0.15)
0.90 (0.45)

0.33 (+0.06)
0.59 (20.10)

Average voids
area (xSD) in

mm?

0.004 (+0.004)

0.01 (+0.01)

0.01 (£0.02)
0.01 (+0.01)

0.01 (+0.01)
0.01 (+0.01)

0.01 (20.02)
0.02 (20.02)

Mean of
PGP (+SD)

in %

74.8 (+15.2)
78.8 (18.3)
76.8 (+12.2)

71.3 (£11.0)
74.7 (+10.1)
73.0 (+10.6)

87.4 (+10.0)
89.2 (+4.0)
88.3 (7.6)

Mean of PV
(xSD) in %

0.7 (+0.8)
1.0 (+1.2)
0.9 (+1.0)

1.3 (+2.9)
1.2 (¢1.2)
1.3 (x2.2)

1.9 (2.0)
2.3 (+2.2)
2.1 (+2.1)




Figure 1: Schematic illustration for lateral placement of accessory gutta-percha

cones and root-sectioning
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Figure 2: Graph obtained from the linear regression test demonstrating the

relationship between canal area and PGP at 3 mm (A) and 6 mm (B) from the

apex.
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Figure 3: Two cross-sections of a specimen from the control group where
spreader was not used: 3 mm (A) and 6 mm (B) from the apex (X50

magnification)

Figure 4: Two cross-sections of group Ill where a sequence of finger spreaders
A-D was used prior to each accessory cone placement at levels 3 mm (A) and 6
mm (B) from the apex (X50 magnification). Arrows demonstrate un-filled spreader

tracks
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Abstract

Aim To check the reactivity of different materials with glucose and to assess the
reliability of the glucose penetration model in measuring penetration of glucose
through these materials.

Methodology Ten uniform discs (radius 5 mm, thickness 2 mm) were made of
each of the following materials: Portland cement, MTA (grey and white), Sealer
26, calcium sulfate, calcium hydroxide - Ca(OH),, AH26, Epiphany, Resilon,
gutta-percha and dentine. After keeping the discs 1 week in 37°C and humid
conditions, they were immersed in 0.2 mg/mL glucose solution. The
concentration of glucose was evaluated using an enzymatic reaction after 1
week.

Results Portland cement, MTA, Ca(OH), and Sealer 26 reduced the
concentration of glucose significantly (P<0.05), the other materials did not
influence the glucose concentration. Calcium sulfate reduced the concentration of
glucose, but the difference in concentrations was not significant (P=0.054).
Conclusions Portland cement, MTA, Ca(OH). and Sealer 26 react with glucose
and therefore should not be evaluated for their sealing ability with the glucose

penetration model.
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Introduction

A new leakage model was suggested recently (Xu et al. 2005) using glucose as
the tracer. Several studies were published using this model (Shemesh et al.
2006, 2007, van der Sluis et al. 2007, Zou et al. 2007, Kaya et al. 2007, Ozok et
al. 2008) and more are being conducted. This model is based on measurements
of glucose concentrations in an apical chamber using a very sensitive enzymatic
reaction. A colored substance is produced, and optical density (OD) is
determined by a spectrophotometer, translated later to concentration units. The
advantages of this model are the relative ease of assembly and operation, the
availability of the materials and equipment and the great sensitivity of the test
(Shemesh et al. 2006).

Since leakage studies are constantly being scrutinized for their clinical
relevance and reproducibility (Editorial board of the Journal of Endodontics,
2007), a critical approach to the different leakage models is required. One of the
problems of using a tracer for evaluating leakage is that the tracer itself could
chemically react with some materials challenging the reliability of such a test in
evaluating sealing ability. For example, methylene blue, which is often used for
dye leakage studies, was previously shown to discolor when in contact with
certain filling materials (Wu et al. 1998), while root canal fillings might directly
inhibit bacteria in bacterial leakage studies (Pitout et al. 2006). The purpose of
this experiment was to check the reactivity of glucose solution with different
dental materials in order to assess whether glucose is an acceptable tracer for all
tested materials.

Materials and Methods

The following materials were mixed according to the manufacturer’s instructions
and inserted into round plastic molds 2 mm deep with a diameter of 5 mm:
Portland cement (Gamma, Leusden, The Netherlands), MTA grey (Angelus,
Londrina, Brazil) , MTA white (Angelus), Sealer 26 (Dentsply, Petropolis, Brazil),
calcium hydroxide - Ca(OH), - (Merck, Darmstadt, Germany), calcium sulfate -
Ca0,S - (Sigma-Aldrich, Steinheim, Germany), AH26 ( Dentsply-Maillefer, Tulsa,
OK, USA) and Epiphany sealer (Pentron clinical technologies, Wallingford, CT,
USA). The following thermoplastic materials were cut and fitted into similar molds

with a warm instrument: Resilon cones (Pentron), gutta-percha cones (Dentsply
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De Trey, Konstanz, Germany). Ten molds were filled with each material.
Additional 10 dentine discs of similar dimensions were cut from extracted molar
teeth. All molds and discs were kept in 37°C and humid conditions. After 1 week
the set materials were carefully removed from the molds, forming round discs.
Each of the discs was then inserted to a small flacon with 4 mL of glucose 0.2
mg/mL solution. Additional 10 flacons were used as controls containing only 4 mL
of glucose 0.2 mg/mL solution. All flacons were kept at 37°C. A sample of 0.1 mL
was taken after 1 week from each flacon and was analyzed with a Glucose kit
(Megazyme, Wicklow, Ireland) in a spectrophotometer (Molecular Devices,
Spectra max 384 plus) at a wavelength of 340 nm. Results were expressed as
OD. Statistical analysis was performed using ANOVA and Dunnett test (SPSS
version 15.0). Differences were considered at a significance level of P<0.05.

Results

The results are presented in Table 1 and Figure 1. The glucose kit used has a
detectable threshold of OD 0.05, so all readings lower than 0.05 were ignored.
The glucose flacons with no test material showed the expected OD from a 0.2
mg/mL glucose solution (OD 0.31#0.05). Among the materials tested, MTA,
Portland cement, Sealer 26 and Ca(OH), significantly lowered the OD of the
solution after 1 week (P<0.05). Dentine, Resilon, calcium sulfate, Epiphany,
AH26 and gutta-percha did not significantly alter the concentration of glucose
(P>0.05). Calcium sulfate reduced the concentration of glucose, but the
difference in concentrations was not significant (P=0.054).

Discussion
After 1 week in contact with glucose some of the materials tested significantly
reduced the OD of the glucose reaction to the level of water (Fig.1). Since all
glucose penetration tests published so far checked the penetration of glucose for
periods ranging from 20 days (Zou et al. 2007) to 56 days (Shemesh et al. 2006)
an observation period of 1 week seems relevant when coming to assess the
reactivity of different materials with the tracer.

Glucose (an aldohexose) in an alkaline solution is slowly oxidized by
oxygen, forming gluconic acid:

CH20H-(CHOH)4-CHO + %202 CH20H-(CHOH)4-CO2H
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In the presence of sodium hydroxide, for example, gluconic acid is
converted to sodium gluconate (Sowden & Schaffer 1952). This means that
glucose will not be detected by the glucose kit and could thus mask leakage in
the glucose penetration model.

Interestingly, Sealer 26 contains Ca(OH). (Duarte et al. 2000), while MTA
CaOH (Camilleri 2007). It seems that Ca(OH). containing products directly react
with glucose. This reaction could also be initiated by traces of Ca(OH), left in the
canal when used as an intra-canal medication. Measuring leakage by glucose
concentrations could be influenced by this chemical reaction.

Zou et al. (2007) used the glucose penetration model and concluded that
calcium sulfate significantly improved the sealing of 1 mm perforations repaired
with composite resin. Although we were unable to demonstrate that calcium
sulfate influences glucose (P=0.054), the P value is small and we cannot exclude
the possibility that calcium sulfate might have an influence. Calcium sulfate could
be better evaluated for its sealing properties by another tracer or model.

In the glucose penetration model, a 1M glucose solution is used as the
tracer and placed in the upper chamber of the model assembly (Xu et al. 2005).
This concentration is much higher than the linear range detected by the glucose
kits: 4-80 ug of glucose per assay (Glucose — HK assay procedure, Megazyme
international limited, 2004). However, the range of glucose concentrations
measured in the apical chamber during a leakage test is depended on the
amount of glucose that penetrated through the canal and demonstrates a large
range of concentrations (Shemesh et al. 2006). In the current experiment a
glucose concentration of 0.2 mg/mL (20 pg per assay) was chosen as it lies
within the linear range of detection of the glucose kit used and could give more
accurate information on the variations in glucose concentrations after immersion

with different materials.

Conclusion

The observation that certain materials react with glucose suggests that evaluating
these materials with the glucose penetration model might lead to erroneous
conclusions. An investigation of the influence of tested materials on glucose
should always precede glucose penetration tests in order to validate the

conclusions from such studies.
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Table 1 Average Optical Density (OD), standard deviation (SD) and P value of
the OD measured after 1 week immersion with different materials. The kit used
has a detectable threshold of OD 0.05

Material Average ODxSD P value (compared to Glucose)
water 0+0.005 <0.001
Glucose standard 0.290+0.010 ---
Dentine 0.293+0.007 0.999
Portland cement 0+0.007 0.005
MTA-grey 0+0.004 <0.001
MTA-white 0+0.007 <0.001
Sealer 26 0+0.027 <0.001
Ca(OH), 0+0.005 <0.001
calcium sulfate 0.2750.007 0.054
AH26 0.282+0.007 0.645
Epiphany 0.290+0.017 1.000
Resilon 0.30040.015 0.382

gutta-percha 0.297+0.008 0.781
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Figure 1 The measured Optical Density (OD) of 0.2 mg/mL glucose solution after
one week immersion with different materials. Portland cement, MTA grey and

white, Sealer 26 and calcium hydroxide reduced the OD of glucose solutions

values to the level of water
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ABSTRACT
Objective: The goal of this study was to check whether leakage results of the

same specimens measured by two different leakage models are comparable.

Study design: Canine root canals were prepared and filled with cold gutta-
percha cones and one of four sealers (20 canals each sealer). The 80 specimens
were first connected to a fluid transport model where air-bubble movement was
measured. The same specimens were later connected to a glucose penetration
model where the concentration of glucose was measured. In both models, a

headspace pressure of 30 kPa was used to accelerate leakage.

Results: In both models four sealers ranked the same regarding the leakage
they allowed and a significant correlation between the results of the two models

was confirmed (Spearman test, coefficient=0.65, P=0.000001).

Conclusion: Under conditions of the present study, leakage results of 80
specimens recorded in the fluid transport model and glucose penetration model
were comparable.

Keywords: Leakage, Fluid transport model, Glucose penetration model, Sealer
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INTRODUCTION

In order to achieve periapical healing, root fillings should prevent coronal
re-infection and meanwhile entomb remaining bacteria.! In a study by Felippe et
al.,? roots of dogs’ teeth and periapical tissues were examined histologically five
months following different endodontic treatments. Prepared but unfilled canals
were associated with severe chronic periapical inflammatory reaction and severe

bone and root resorption.

Defective root fillings, which provide pathways for bacteria and toxins to
the periapex, are not always identified with two-dimensional radiographs. A
recent treatment outcome study reported reduced success rates when the root
filling contained radiographically detectable voids (poor root filling density or dark
lines along the filling).® Therefore, root fillings should present as few voids as

possible, and once present, the voids should be as narrow as possible.

Different leakage models including fluid transport* and glucose
penetration® have been used to in vitro determine the presence of voids along the
root filling. As new materials are continuously developing, so is the need for
assessing their sealing ability. Results of different in vitro leakage tests are used
to rank various materials. However, it has rarely been studied whether the results

of same specimens recorded in different leakage models are comparable.

The purpose of this study was to investigate the comparability of leakage
results of the same specimens recorded in the fluid transport model and glucose
penetration model.

MATERALS AND METHODS

One hundred recently-extracted maxillary and mandibular canines were
selected and proximal radiographs were taken to confirm the presence of a single

canal. The coronal parts were removed leaving roots 15 mm in length.

Instrumentation

Canals were prepared with K-files #15 to #50 (Dentsply Maillefer,
Ballaigues, Switzerland) to 1 mm short of the apical foramen. This enlargement
was chosen following the recommendations of Tronstad.® A step-back flaring
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technique was performed at 2 mm increments with Gates-Glidden burs #2-6. File
#50 was used to smooth the irregularities left by this flaring regimen. Canals were
rinsed between each instrument with 2 mL of 2% NaOCI solution. One minute of
passive ultrasonic irrigation was performed using a #15 Endosonore file
(Dentsply Maillefer, Ballaigues, Switzerland).” As the apical diameter of canines
could be larger than 0.2 mm,? a K-file #30 was used to verify patency and assure
that the apical foramen is not smaller than #30. Canals were rinsed with NaOCI
and dried using paper points.

Roots were randomly divided into four experimental groups (20 each)
according to the sealers tested, AH26 (Dentsply Detrey GmbH, Konstanz,
Germany), AH Plus (Dentsply Detrey GmbH, Konstanz, Germany), RSA (Roeko
Dental Products, Langenau, Germany) and an Experimental Castor Oil Polymer
(Polifil®, Poliquil Araraquara Polimeros Quimicos Ltda, Araraquara, Brazil), and
two control groups (10 each).

Obturation

Polifil® is commercially available and consists of a paste (polyester), liquid
(biphenyl methane isocyanine) and zinc oxide. The manufacturer’s instructions
were followed and 2.5 g of supplied zinc oxide was mixed with 1.0 g of paste and
inserted into a plastic syringe. This was then mixed with the liquid in a 3:1 ratio on
a glass plate. The other three sealers were prepared following manufacturer’s
recommendations.

Sealers were introduced into the canal twice, 5 seconds each, using a bi-
directional spiral #25 (EDS, Hackensack, NJ, USA). A gutta-percha cone #50
(Henry Schein Inc., Mexico City, Mexico), coated with sealer, was placed into the
canal followed by two standard accessory cones #25 placed to a depth where
resistance was met. No spreader was used.

Eleven mm of the coronal gutta-percha was removed directly after
obturation with a heated plugger, leaving the apical 4 mm to be subjected to the
leakage tests.

In the positive control, lateral compaction of gutta-percha was performed
without sealer. Negative controls were filled with 3 gutta-percha cones and AH26
and the external root surface completely covered with cyanoacrylate.®

To facilitate the leakage setting-up, the coronal 8 mm of the specimens
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was embedded in acrylic resin to form a cylinder around the root. Specimens

were then stored for 1 month at 37 °C and 100% humidity for sealers’ setting.

Fluid transport

Roots were mounted on a fluid transport model previously described* and
shown in Fig. 1a. A 30 kPa (360 cm H.O) headspace pressure was applied and
after 3 h, 6 h and 24 h, the air-bubble movement (in L) in the capillary tube was
recorded. (Fig 1a)

Glucose penetration

Twenty four hours after finishing fluid transport readings, samples were
mounted on a glucose penetration model (Fig. 1b) where glucose solution was
placed in the coronal reservoir. A headspace pressure of 30 kPa was created by
connecting the open orifice of the pipette to a pressure source (Fig. 1b). After 24
h a sample of 100 puL was taken from the apical reservoir and the glucose
concentration was measured.

The samples were analyzed using a Glucose kit (Megazyme, Wicklow,
Ireland) in a spectrophotometer (Spectra Max 384 plus, Molecular Devices) at a
wavelength of 340 nm.> Glucose concentrations were presented in mg mL™".

Because glucose is a chemical compound, its concentration might be
influenced when in contact with different materials. Therefore, prior to the
experiment, all sealers were placed in contact with a standard glucose solution
for one week and the concentration of glucose was determined after one week.
No variations in glucose concentration were observed.

Kruskal-Wallis and Mann-Whitney tests checked differences among the
four sealer groups and Spearman test verified the correlation between the results
of two models (SPSS, version 12.0.1, Chicago, Ill, USA). Chi-square test
detected differences in the number of leaking samples demonstrated by the fluid
transport model at different time intervals (Sigma Stat, version 3.1, San Jose,
USA).

RESULTS

In the fluid transport test, no movement of the air bubble was detected in
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the negative controls. All positive controls showed bubble movement that
exceeded the pipette length within 3 h. In the glucose penetration test, no
glucose penetration was detected in the negative controls. In all positive controls,
glucose penetrated completely to the apical reservoir within 24 h.

Tables 1 and 2 show the results of the experimental groups. After 24 h, in
both models, RSA showed the best sealing whereas AH Plus leaked the most
(P<0.01); no significant difference between RSA and Polifil® was observed
(P=0.15, fluid transport; P=0.89, glucose penetration).

When the fluid transport model was used, significantly more leaking
samples were detected after 24 h than after 3 or 6 h (Table 2) (P<0.01).

A positive correlation was observed between the results of both models
(Fig. 2) (coefficient=0.65, P=0.000001).

DISCUSSION

In the original glucose model,® the headspace pressure was 15 cm of
glucose solution. In the present study a higher headspace pressure of 30 kPa
(360 cm H.0) was applied to accelerate glucose penetration and create
conditions comparable to those for the fluid transport. Thus, water or glucose
solution that moved to the apical chamber under the same headspace pressure
was quantified. In fluid transport, air-bubble movement was measured to indicate
the volume of water penetration; in glucose penetration, the concentration of
glucose in the apical chamber was measured to indicate the volume of glucose
solution movement.

Fluid transport and glucose penetration occur only through voids that are
completely open, while cul-de-sac type voids prevent fluid transport or glucose
penetration.’®"" It has been shown that neither water nor glucose solution
penetrate through root dentin.” Thus, evidence of fluid transport or glucose
penetration demonstrates the existence of at least one continuous void along the
root filling. A higher value for fluid transport or glucose penetration indicates that
the total volume of the voids is bigger.'®""

In this study, 24 h after fluid transport, the specimens were connected to
the second model where the concentration of glucose was measured. When the
same specimens are tested by two models, comparability of the results could be

considered as a measure of the models’ reliability. However, one may argue that



58

running the specimens through the fluid transport system under 30 kPa pressure
had changed the property of the filling and affected the results of glucose
penetration. In a study by Wu et al. the amount of fluid transport along the same
root fillings was examined."® Fluid transport under headspace pressure of 60 kPa
was measured every 2 h. All specimens filled by lateral compaction, vertical
compaction and single cone showed consistent values, indicating that the 60 kPa
headspace pressure did not result in detectable damage to the root fillings.

In previous studies where fluid transport was measured, the headspace
pressure was applied for a certain period of time from a few minutes to 24 h. "
In order to investigate whether the time of fluid transport plays a role in detection
of leaking samples, fluid transport was recorded also after 3 and 6 h. Significantly
more leaking samples were detected after 24 h than after 3 and 6 h (Table 2).
Presumably, samples presented with narrow voids required longer pressure time
to display detectable fluid accumulation in the apical reservoir. This is supported
by the observation that only 1 to 2 pL of fluid transport was recorded after 24 h
(Table 1).

The purpose of this study was to examine whether the same root fillings
displayed comparable amount of leakage in two different leakage models, rather
than test specific root filling techniques. Only three gutta-percha cones were used
to fill each canal in order to simplify the procedure. Spreader was not used
because of the difficulty to standardize the spreader load and the number and
size of spreader tracks.'®' Furthermore, using no spreader may prevent root
fracture.

Similar techniques, where no compaction forces are used, have been
included in several recent studies and in some of them showed a comparable
sealing ability to compaction techniques.'®?' Therefore, the results of this study
should provide useful information about the four sealers used whenever these
non-compaction techniques are accepted.

AH Plus is considered as a new generation of AH26, having a faster
setting time.?? The accelerated setting time may cause shrinkage stress leading
to debonding of sealer from the root canal wall.?*#* In addition, silicon oils present
in the sealer were claimed to affect its sealing properties.?*?* In accordance with

other studies, RSA sealer displayed effective sealing,?'?%?’

28,29

which may be due to

its slight expansion during setting and close adaptation to dentinal walls.*®
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Polifil® is a polyurethane (polyester)®'

mixed with zinc oxide. According to our

results, Polifl® may become a promising endodontic sealer. Similar tissue

response has been observed both to Polifil® and calcium hydroxide sealer.*
Under conditions in this study, results of the same specimens recorded in

the fluid transport model and glucose penetration model were comparable.
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Table 1 Leakage of four sealers: fluid transport and glucose penetration
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Fluid transport in L

Glucose concentration

Sealer inmg mL
3h 6h 24 h 24 h
AH26 (n=20)
Median (range) 0 (0-1) 0 (0-2) 0 (0-4) 0.01 (0-1.2)
Mean (SD) 0.2 (0.41) 0.25(0.55) 0.85 (1.73) 0.10 (0.30)
RSA (n=20)
Median (range) 0 (0-0) 0 (0-0) 0 (0-1) 0 (0-0.05)
Mean (SD) 0 (0) 0(0) 0.05 (0.22) 0.01 (0.01)
AH Plus (n=20)
Median (range) 0 (0-1) 0 (0-2) 1(0-4) 0.02 (0-1.3)
Mean (SD) 0.2(0.41) 0.35(0.67) 1.20 (1.20) 0.23 (0.43)
Polifil® (n=20)
Median (range) 0 (0-0) 0 (0-0) 0 (0-2) 0 (0-0.1)
Mean (SD) 0 (0) 0(0) 0.25 (0.55) 0.02 (0.03)




Table 2 Number of leaking samples detected by the fluid transport model at

different time intervals

Number of leaking samples

Sealer 3h 6h 24 h
AH26 (n=20) 4 4 8
RSA (n=20) 0 0 1
AH Plus (n=20) 4 5 14
Polifil® (n=20) 0 0 3

Total (n=80) 8 9 26

64
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Figure 1: Schematic illustration of two models. a. fluid transport. b. glucose
penetration
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6 CONSIDERACOES GERAIS

A obturagdo do canal radicular se constitui primordialmente em uma
barreira fisica ao acesso de bactérias e toxinas em diregcéo ao apice radicular®’.
Em um recente estudo, baixos niveis de sucesso foram reportados em dentes
com falhas radiograficas na obturacao (baixa densidade radiografica ou linhas
radiollcidas na obturacdo)®. Como falhas na obturacdo nem sempre sdo
detectadas em radiografias comuns, sdo necessarias analises laboratoriais para
avaliagdo da qualidade alcancada por diferentes materiais e técnicas de
obturagdo em Endodontia.

No primeiro capitulo desta tese a quantificacdo da densidade de GP em
secgOes transversais de dentes obturados foi utilizada como par&metro para
qualificar variagdes na técnica de LC. Nos demais capitulos, uma nova técnica
de anadlise da qualidade da obturagao baseada na penetracdo da glicose pela
falha na obturagdo foi avaliada no que tange a reatividade da glicose com
diferentes materiais obturadores e a confiabilidade dos resultados demonstrados
pela técnica. Desta forma, os estudos incluidos nesta tese permitem a discussao
a cerca da qualidade da obturacdo do canal radicular alcancada por diferentes
técnicas e materiais obturadores, bem como contribuem para a validagao do
método de PG.

Originalmente a técnica de LC baseia-se na idéia de que a densidade de
GP no canal radicular deve ser a maior possivel em virtude da maioria dos
cimentos endodénticos ndo ser dimensionalmente estavel’*?*?% Desta forma,
um espacgador é colocado lateralmente aos cones para compactar a GP em
diregdo as paredes do canal radicular possibilitando a inser¢do de cones

acessorios o mais apical possivel'

. Apesar de, clinicamente, a resisténcia a
penetracdo do espagador indicar que nao ha mais espago apical para a
colocagao de cones de GP, os resultados do primeiro estudo demonstram que a
qualidade da obturagdo em relagdo a densidade de GP é na verdade
imprevisivel.

A area do canal influencia na qualidade, uma vez que quanto maior a
area do canal nos niveis 6 e 3 mm do apice, menor a PGP. Como os cones de
GP séo cbnicos, a técnica de LC é dependente da conicidade alcancada durante

o preparo do canal’. Se a adequada conicidade nao for obtida ha um grande
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risco de ocorrer uma obturacdo prematura da porgdo coronaria do canal
radicular, impedindo a posterior penetragdo apical do espagador’. Em canais

originalmente amplos na porgao apical®

, alcancar a conicidade desejada pode
ser uma tarefa ainda mais dificil, uma vez que é impossivel determinar
clinicamente o diametro inicial do canal. Ja foi demonstrado que a primeira lima
que se prende no comprimento de trabalho, ndo é equivalente ao diametro
apical®®. Uma clara indicacdo da impossibilidade de determinacéo do diametro
apical do canal radicular é observada nos resultados do préprio estudo, onde,
apesar de selecionados dentes com canais de dimensdes radiograficas
semelhantes e instrumentados pela mesma técnica, foram observadas secc¢oes
com é&rea do canal de 2 a 3 vezes maior que outras no mesmo nivel de secg¢éo,
nos dois niveis avaliados. Variagdes na area do canal como esta ja foram
reportadas®’. Como ndo é possivel prever o tamanho original do canal apical
torna-se dificil alcancar a suposta conicidade ideal para realizar LC evitando o
risco de obturacdo prematura. Um canino inferior pode, por exemplo, ter
originalmente 1,6 mm de diametro ao nivel 5 mm do &pice®, onde, mesmo
usando uma broca de Gates-Glidden n® 6 (diametro 1,5 mm), a conicidade ideal
nao sera alcancada®".

Considerando que no presente estudo, a instrumentagdo cervical em
todos os canais foi padronizada (didametro 110), em canais apicais originalmente
mais amplos, a conicidade conseqientemente foi menor e, portanto, a PGP
apical inferior. Sabendo-se da imprevisibilidade do didmetro apical em dentes
naturais é possivel entender os resultados de um estudo realizado por Gordon et
al.", onde canais simulados de resina (didmetro apical padrdo) e em dentes
humanos extraidos (didmetro apical imprevisivel) foram instrumentados e
obturados pela mesma técnica de LC. A PGP na regiao apical caiu de 96% em
canais simulados para 78% em dentes naturais o que indica que as variagdes na
area do canal em dentes naturais influenciaram a qualidade apical da técnica de
LC, como comprovado no capitulo 1.

Em nosso estudo, assim como em varios estudos'®™'"?' a PGP
observada no nivel 3 mm em todos os trés grupos onde LC foi realizada foi
menor que no nivel 6 mm, indicando uma tendéncia a obturagdo prematura das
porgdes coronarias do canal usando LC. No grupo ll, onde cones acessorios
com grande conicidade (0,084 mm/mm) foram utilizados, a ocorréncia de
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obturagao prematura da porgao coronaria do canal foi ainda maior, uma vez que
a PGP apical alcangada neste grupo foi a menor entre os trés grupos onde LC foi
realizada e, 16, 1% inferior a do grupo lll. No presente estudo, todos os caninos
foram instrumentados até o diametro apical 50 e conicidade 0,1 mm/mm.
Considerando que uma excessiva instrumentacdo do canal, enfraquece a raiz e
aumenta o risco a fratura, um desgaste coronal adicional com o objetivo de
diminuir o risco de obturacdo prematura da porcdo corondria e aumentar a
densidade apical de GP no grupo Il é questionavel.

A éarea do canal e a conicidade nao foram os unicos fatores que
influenciaram a qualidade das obturagdes compactadas lateralmente. No grupo
lll, o uso de uma sequlencia de espacadores (A-D) antes da colocagédo de um
cone acessoério, claramente foi responsavel pela maior densidade de guta
alcancada nesta técnica. No entanto, apesar de apresentar uma PGP na regido

apical similar a termocompactagéo da GP com System B®'*%

, clinicamente esta
técnica consome um maior tempo clinico que a LC convencional, pois no minimo
1 minuto é necessario para a colocagdo de um cone acessorio.

Um grupo controle onde nenhum espagador foi utilizado para fazer
compactagao lateral da guta foi adicionado ao estudo. A idéia inicial foi promover
um controle em relagdo a quantidade adicional de PGP que o uso do espagador
poderia proporcionar. Este grupo néao foi incluido no teste estatistico para evitar
que os valores inferiores em relacdo a PGP influenciassem as diferencas entre
0s grupos onde o espacador foi utilizado. A menor PGP e maior area de falhas
(PV) foram observadas no grupo controle. E possivel que o volume final do
cimento no interior do canal tenha sido insuficiente devido ao tamanho do
instrumento utilizado para levar o cimento ao canal radicular (bi-directional spiral
didmetro 25) ser muito reduzido em relagcdo a preparagdo do canal (diametro
50/conicidade 0,10). 100% de area obturada com GP e cimento ja foi observada
em secgbes transversais de canais radiculares obturados com menor didmetro
apical e conicidade (40/0,05) usando bi-directional para levar cimento ao canal®.
Apesar de estes resultados indicarem que o uso de espagador ajuda na
distribuicdo do cimento e a reduzir falhas, nos grupos obturados com LC, falhas
deixadas pelo espagador (spreader tracks) foram freqientemente observadas
(Figure 4 no Capitulo 1 e Figura A1 no Anexo 1), o que é corroborado por varios

estudos'31020,
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A PGP no grupo controle ao nivel 3 mm foi 7% menor quando comparada
a técnica descrita em livro texto'® (grupo Il). E importante salientar que néo ha
evidéncias cientificas publicadas até o presente demonstrando se uma maior
densidade de GP no canal radicular é capaz de influenciar o sucesso clinico do
tratamento de canal radicular. Desta forma, futuras pesquisas sao necessarias
para verificar a relagdo entre o sucesso clinico e os diferentes padrdes de
qualidade das obturagbes observados no presente estudo.

Um recente método de avaliacao da qualidade de obturacdes por meio da
mensuracéo da penetracdo de moléculas de glicose pela falha da oburacdo®, foi
investigado nos capitulos 2 e 3 desta tese. Este método consiste em tubo
contendo solucdo concentrada de glicose conectado a porgcao coronaria do
elemento dental, enquanto a por¢éo apical € mergulhada em agua contida em
um frasco (Figure 1b, Capitulo 3). A glicose acumulada no reservatério apical é
mensurada por meio de um espectrofotbmetro seguindo-se uma reagao
enzimética®*°. Algumas vantagens tém sido atribuidas a este modelo, tais como
0 baixo peso molecular da glicose (180 Da), que melhor representaria a
passagem de toxinas bacterianas; e o fato de que, sendo capaz de penetrar na
falha da obturagdo, a glicose poderia nutrir as bactérias sobreviventes ao
preparo do canal, mantendo a inflamacéo dos tecidos periapicais®.

O modelo de PG, portanto, foi aceito como uma evolugdo do método de
TF¥. Neste Ultimo, apés a aplicacdo de uma pressdo no lado coronario da
obturacdo, ocorre o transporte convectivo do fluido pela falha na obturagao, o
que acarreta o movimento de uma bolha de ar inserida no interior de uma micro-
pipeta no lado apical, que é medido a olho nu com precisdo minima de 1 pL>°.
Isto significa que uma penetracdo menor que 1 pL ap6s um determinado periodo
de tempo dificilmente sera detectada e a amostra pode ser considerada como
seme-infiltracdo. No modelo de PG, o transporte convectivo do fluido pela falha na
obturagédo também acontece, pela pressao da coluna de glicose sobre a por¢éo
corondria da obturacdo (15 cm H.0), porém a concentragdo da glicose que
chega ao reservatoério apical por meio da falha na obturagéo € lida por um
espectrofotdmetro numa precisdo minima de 0,06 uL¥. Além disso, contribui
para o aumento da sensibilidade do método, o tempo de analise prolongado que
permite a difusdo das moléculas de glicose e ndo somente o transporte

convectivo, facilitando a deteccdo de pequenas falhas na obturacéo®.
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Porém existem alguns limitadores ao emprego indiscriminado do modelo
de PG para testes de capacidade seladora em Endodontia. Quando um tragador
quimico é utilizado em um determinado modelo de infiltragdo torna-se necessério
checar a sua estabilidade quimica quando em contato com diferentes
materiais®. No capitulo 2 desta tese foi demonstrado que materiais alcalinos séo
capazes de reduzir a concentracao de glicose de uma solugdo ao mesmo nivel
da agua. Em meio alcalino, a glicose € lentamente convertida em acido glucénico
que em contato, por exemplo, com hidréxido de sédio é convertida em gluconato
de sédio®. Ambos, &cido glucénico e gluconato de sédio, ndo sdo detectados
pelo kit enzimatico de quantificacdo de glicose utilizado no teste de PG. Desta
forma, o emprego do modelo de PG para testes de materiais alcalinos pode
resultar em conclusdes irreais a cerca da capacidade seladora destes materiais,
comprometendo a confiabilidade do teste. Portanto, o capitulo 2 desta tese
cumpre com a fungéo de alertar a comunidade cientifica da necessidade de se
realizar um teste prévio para verificar a possibilidade do material a ser testado
reagir com a glicose. De acordo com nossos resultados, MTA, cimento Portland,
Ca(OH),, Sealer 26 e possivelmente outros materiais alcalinos nao podem ter a
sua capacidade seladora checada por meio do modelo de PG.

Além da reatividade quimica com diferentes materiais, outras dificuldades
laboratoriais desafiam o uso do modelo de PG. Como o teste é mantido por
maior tempo (em geral semanas ou meses) a evaporacao da agua presente
tanto no reservatoério inferior quanto no superior poderiam alterar o padrao dos
resultados, uma vez que mudancas na quantidade de dgua nas solucées alteram

1.3 buscou minimizar

as concentracdes de glicose identificadas®’. Shemesh et a
este efeito colocando o conjunto com todas os espécimes testados em um
grande recipiente tampado com umidade 100% no interior. No entanto em testes
pilotos, usando o mesmo sistema, notou-se que a agua contida neste recipiente
ao evaporar se acumulava na parte interna da tampa do recipiente e, quando
retornava ao estado liquido, muitas vezes, gotejava sobre a abertura de
respiragdo na tampa rosqueavel do reservatério inferior contendo a amostra.
Desta forma, apds alguns dias era possivel perceber espécimes com volume de
agua no reservatorio inferior visualmente maior que o inicialmente colocado sem
uma reducdo significante na coluna de glicose. Para minimizar o efeito da

evaporacdo da &gua no reservatério inferior contendo a amostra, Xu et al.%*
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prepararam controles com o mesmo aparato usado para o teste de infiltragéo
porém, sem nenhuma amostra em teste, apenas agua no reservatério inferior.
Diariamente estas amostras controles eram pesadas e o conteddo evaporado de
agua adicionado em todos os espécimes em teste®. No entanto, esta manobra
aumenta consideravelmente o trabalho diario para manutencao do nivel de agua
e, além disso, ndo é garantido que todos os espécimes tenham o mesmo padrao
de evaporacgéo ao longo do teste. Desta forma, espécimes com diferentes niveis
de evaporacao podem ter maior ou menor volume de dgua adicionada, alterando
a concentracdo final da glicose.

Em uma analise recente utilizando o modelo de PG (dados ainda nao
publicados) a concentragao da glicose na coluna acoplada a parte coronaria da
obturagéo foi medida no inicio e no final do experimento. Em alguns espécimes
com pouca infiltracdo, a concentracdo da glicose na coluna havia quase que
duplicado ao final do experimento, indicando que a evaporagdo da agua na
solugdo concentrada de glicose também pode acontecer. Uma solugdo mais
concentrada pode apresentar um padrdo de difusdo diferente®, criando um viés
metodolégico que pode influenciar os resultados do teste.

Além dos problemas relacionados a evaporagéo da agua no sistema, a
possibilidade de crescimento bacteriano no sistema poderia levar ao consumo da
glicose no reservatério inferior levando a conclusdes irreais a cerca da
capacidade seladora do material em teste. Para inibir o crescimento bacteriano
durante o teste, azida sodica (NaNs) é adiciona a solucéo de glicose e a agua do
reservatorio inferior””. No entanto, por ser uma substancia quimica com poder
caustico é questionavel se esta poderia solubilizar o material em teste ap6s um
contato prolongado. Assim a penetracdo da glicose observada poderia ser em
virtude do efeito caustico sobre o material testado e ndo pela passagem através
da falha original na obturagao.

Por todas estas razdes, as vantagens do modelo de PG passaram a ser
questionaveis. Sugeriu-se, portanto, a aceleragédo da penetragao da glicose pela
falha na obturacédo por meio da aplicagéo de pressao como realizado no modelo
de TF. Desta forma, a infiltragdo poderia ser acelerada, diminuindo o tempo
necessario para a realizagdo do teste e assim superando-se os problemas
relacionados a evaporagdo e contato prolongado com a azida sédica. Desta

forma, no capitulo 3, foi testada a confiabilidade dos resultados obtidos por este
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novo desenho do modelo de PG, comparando-os ao modelo de TF. As mesmas
amostras submetidas aos dois modelos revelaram uma correlacdo
extremamente significante de resultados, indicando que os dois modelos sdo
capazes de revelar resultados reprodutiveis e confiaveis a cerca da capacidade
de selamento da obturacdo do canal. Recentemente foi demonstrado que tanto a
agua quanto a glicose ndo sdo capazes de penetrar pela substancia dentinaria®®;
portanto, evidéncias de agua ou glicose no reservatorio inferior revelam a
existéncia de pelo menos uma falha continua na obturagdo. Assim, estes
resultados introduzem um novo modelo para a quantificagdo da infiltragdo em
endodontia utilizando o principio do transporte convectivo de fluidos.

Diante desses resultados pode ser argumentado que a vantagem da
maior sensitividade do teste de PG foi perdida quando do aumento da pressao
na coluna com glicose (de 15 para 360 cm H»0). Shemesh et al.*’ concluiram
que mais espécimes com infiltracdo foram observados no teste de PG quando
comparado a 3 h de aplicagdo de TF. Ainda no capitulo 3 foi observado que o
tempo de aplicagdo da pressdo no modelo de TF influencia os resultados. Mais
espécimes com infiltragcdo foram observados apds 24 h de aplicagio da pressao
que apés 3 ou 6 h. Desta forma pode-se inferir que, caso Shemesh et al.*’
tivessem mantido a pressdo por mais tempo, possivelmente mais espécimes
com infiltragdo teriam sido revelados resultando em nenhuma diferenga no
numero de amostras com infiltracdo entre os dois métodos. No entanto, é
impossivel determinar qual o tempo minimo necessario para que uma falha na
obturacao possa ser revelada. Certamente, quanto menor a falha, maior o tempo
requerido para detecta-la.

Como o objetivo do capitulo 3 foi demonstrar a comparabilidade dos
resultados de modelos de infiltragédo, o procedimento de obturagdo dos canais foi
simplificado. Desta forma, apenas dois cones acessorios foram inseridos no
canal radicular sem uso do espagador, tendo em vista que é dificil padronizar a
forca de penetracdo e evitar a formagéo de falhas deixadas pelo espagador

1,3,10,20

(spreader tracks) , como observado no capitulo 1 desta tese. Além disso, a

fratura radicular pode ser prevenida se nenhum espacador for utilizado®*’.
Em varios estudos recentes, ndo foram observadas diferengcas na
capacidade seladora de técnicas com e sem compactagdo da GP®"%*. Em

nosso estudo, dos 80 espécimes estudados, 54 (67,5%) preveniram
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completamente a penetragdo de agua ou glicose mesmo apds 24 h de aplicagao
da pressdo. Além disso, a quantidade de TF apdés 24 h nos demais 26
espécimes foi pequena (entre 1 uL a 4 plL), indicando que um pequeno volume
de falhas estava presente nestas obturacées onde a GP nao foi compactada.

Neste momento é possivel tentar estabelecer um comparativo entre os
resultados de qualidade das obturacdes dos capitulos 1 e 3. Em ambos os
estudos caninos foram instrumentados até o instrumento n* 50 e conicidade
0,imm/mm. No grupo controle do capitulo 1 onde nenhum espacador foi
utilizado, 2,1% de falhas na obturacdo com AH Plus foram observadas. No
capitulo 3, o grupo que apresentou maior média de infiltragcdo, bem como maior
numero de espécimes com leituras positivas, foi o AH Plus. Apesar de nao
podermos afirmar que a maior infiltracdo no grupo AH Plus seja decorrente das
falhas observadas no capitulo 1, os resultados dos dois trabalhos da uma
indicacdo do nivel de qualidade alcangado quando a GP nao é compactada e
cimento AH Plus é utilizado.

Assim, é possivel inferir que quando a GP ndo é compactada, o cimento
endododntico escolhido exerce um papel importante na qualidade, ao menos no
que tange & capacidade seladora®. RSA e Polifil®, respectivamente & base de
silicone e poliéster (polimero da mamona) demonstraram os melhores
resultados. O cimento RSA j& apresentou bons resultados em vérios estudos®*®,
inclusive em obturacdes onde a GP nio foi compactada®. E importante salientar
que este é o primeiro estudo aceito para publicacdo em periddico indexado
demonstrando a capacidade seladora do cimento Polifil® como material
obturador endodéntico.

Assim como discutido para o capitulo 1, a relevancia clinica de resultados
de estudos in vitro da capacidade seladora em endodontia ainda permanece
incerta. Recentemente em um editorial do Journal of Endodontics®,
pesquisadores foram convidados a investir em modelos capazes de provar a
relacdo entre o desempenho laboratorial (in vitro) e clinico (in vivo) dos
diferentes materiais e técnicas de obturagdo. Somente estabelecendo-se esta
relacdo € que poderemos identificar se modelos in vitro de analise da qualidade
de materiais e técnicas efetivamente predizem o seu comportamento clinico e,
assim, poder determinar o seu percentual de contribuicdo para o sucesso da
terapia endodontica.



7 CONCLUSAO

De acordo com o que foi proposto e dentro das limitagdes dos estudos in

vitro conduzidos foi possivel concluir que:

1.

variagdes na técnica de condensagao lateral e na é&rea do canal
influenciaram a qualidade das obturacdes;

a porcentagem de area do canal obturada com guta-percha apds
variagdes na técnica de condensacéio lateral foi menor no nivel apical que
no nivel médio;

cimento Portland, MTA, Ca(OH), e Sealer 26 diminuiram a concentragao
de solugdes de glicose e, portanto ndo devem ser avaliados em relagdo a
capacidade de selamento por meio do modelo de penetragéo de glicose;
antes de testar a capacidade seladora de diferentes materiais dentarios
utilizando o modelo de penetragédo de glicose é necessario checar a sua
reatividade quimica com os materiais em teste;

foram similares os resultados de infiltracdo dos modelos de transporte de
fluidos e de penetracao de glicose em 80 raizes;

os cimentos RSA e Polifil demonstraram melhor capacidade seladora em
obturagdes sem compactacao da guta-percha, comparados aos cimentos
AH26 e AH Plus;

mais espécimes com infiltracdo foram identificados apdés 24 horas de
transporte de fluidos do que apds 3 horas ou 6 horas.
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9 ANEXOS

ANEXO 1

Tabela A1 - Area do canal (em mm?) observada em cada elemento dental nos
niveis médio (6 mm) e apical (3 mm) e a média final em cada sec¢do nos

diferentes grupos analisados

Grupo 1 Grupo 2 Grupo 3 Controle
Dente

6 mm 3mm 6 mm 3 mm 6 mm 3 mm 6 mm 3 mm

1 0,91 0,58 0,95 0,37 1,74 0,50 0,94 0,55
2 1,28 0,62 0,94 0,42 0,96 0,39 1,25 0,60
3 0,87 0,44 1,26 0,53 2,11 0,46 0,75 0,51
4 1,00 0,55 1,24 0,50 0,99 0,33 0,72 0,47
5 1,14 0,73 0,73 0,31 0,94 0,51 0,98 0,51
6 0,91 0,40 1,12 0,33 0,88 0,45 1,04 0,61
7 1,19 0,55 1,27 0,51 1,07 0,52 0,92 0,46
8 1,42 0,46 0,92 0,43 0,61 0,27 1,04 0,56
9 1,13 0,71 1,00 0,33 0,62 0,28 0,81 0,47

10 1,10 0,34 1,14 0,46 0,64 0,27 0,84 0,46
11 1,25 0,37 0,77 0,31 0,61 0,29 0,91 0,45
12 1,08 0,37 1,43 0,32 0,69 0,27 0,81 0,36
13 0,87 0,41 1,91 0,91 0,90 0,36 1,09 0,64
14 1,20 0,44 0,91 0,49 0,93 0,43 0,79 0,48
15 1,70 0,63 1,30 0,78 0,82 0,41 0,95 0,55
16 1,45 0,85 1,94 0,73 1,22 0,48 0,97 0,44
17 1,69 0,68 1,68 0,64 1,02 0,46 1,00 0,69
18 1,32 0,57 0,85 0,51 0,83 0,58 1,36 0,57
19 1,46 0,62 0,74 0,31 1,54 0,74 1,21 0,79
20 1,56 0,50 0,88 0,34 1,35 0,43 0,90 0,47

Média 1,23 0,54 1,15 0,48 1,02 0,42 0,96 0,53
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Tabela A2 - Porcentagem de area do canal obturada com guta-percha (PGP)

observada em cada elemento dental nos niveis médio (6 mm) e apical (3 mm) e

a média final em cada secgéo nos diferentes grupos analisados

Dente Grupo 1 Grupo 2 Grupo 3 Controle
6 mm 3mm 6 mm 3mm 6mm 3 mm 6mm 3 mm
1 69,74 45,31 84,11 69,36 90,39 94,18 66,31 67,27
2 88,22 84,33 73,36 71,61 90,58 92,48 66,90 50,64
3 91,79 84,39 80,09 75,41 88,00 82,73 63,61 67,44
4 63,47 58,63 86,48 59,07 93,84 94,19 61,64 63,24
5 65,61 58,93 91,15 69,36 83,66 57,72 62,48 73,89
6 89,81 72,55 75,65 91,67 87,85 84,29 67,88 63,19
7 79,87 64,00 7725 91,24 91,08 89,53 63,89 68,85
8 89,94 77,89 80,74 84,41 84,555 77,91 61,84 71,43
9 76,91 68,06 61,74 66,22 89,73 84,65 63,36 67,04
10 81,54 89,12 72,33 84,93 89,62 85,94 59,40 65,19
11 80,24 95,24 86,32 7422 91,89 94,80 61,35 78,69
12 80,84 77,63 71,50 76,18 92,61 98,67 66,03 63,25
13 79,23 44,75 50,00 56,65 93,54 95,84 61,64 62,26
14 77,76 80,09 85,27 71,14 94,91 93,30 65,14 59,50
15 67,37 67,43 75,19 63,01 90,59 84,90 64,83 60,59
16 78,57 68,70 61,81 61,20 83,86 94,31 59,17 58,98
17 75,60 89,60 69,42 71,71 89,23 97,67 55,06 57,79
18 78,20 87,79 64,21 51,62 90,45 69,98 54,75 67,25
19 88,66 83,76 70,98 61,32 78,28 91,32 50,52 50,54
20 71,70 97,50 75,56 76,51 88,73 84,20 47,04 63,72
Média 78,8 74,8 74,7 71,3 89,2 87,4 61,9 64,1
(DP) (£8,3) (#15,2) (x10,1) (11,00 (¥4,0) (¥10,0) (¥4,5) (£7,1)
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Tabela A3 - Porcentagem de falhas na obturacdo (PV) observada em cada
elemento dental nos niveis médio (6 mm) e apical (3 mm) e a média final em

cada secgéo nos diferentes grupos analisados

Dente Grupo 1 Grupo 2 Grupo 3 Controle

6 mm 3mm 6 mm 3 mm 6 mm 3 mm 6mm 3 mm
1 0,00 0,76 0,00 2,04 0,08 0,00 0,72 0,25
2 0,43 1,63 0,39 0,00 1,20 2,05 1,90 512
3 0,00 0,04 0,23 0,00 0,41 0,00 0,78 0,80
4 0,00 0,15 0,00 0,00 1,23 1,90 0,90 2,14
5 0,00 0,92 0,82 0,00 5,20 13,19 1,40 1,06
6 2,01 1,10 2,45 0,00 1,33 1,24 4,64 2,65
7 3,36 2,23 3,48 0,00 1,70 0,23 3,79 4,27
8 0,00 2,80 0,00 0,00 3,56 1,28 6,01 4,36
9 3,81 0,77 0,00 0,00 0,52 0,60 7,50 4,16
10 0,65 0,00 0,24 0,00 0,00 0,00 0,06 1,05
11 0,39 0,60 0,69 2,80 1,07 1,05 1,79 0,44
12 0,11 0,00 0,04 0,00 1,05 0,00 0,00 1,45
13 1,17 0,23 0,21 0,00 0,14 0,00 3,11 0,00
14 0,72 1,56 2,16 0,00 0,00 0,44 4,93 2,80
15 1,46 0,15 0,33 0,00 1,46 1,89 2,42 6,12
16 0,54 0,49 0,00 0,00 0,99 2,18 0,00 0,00
17 0,82 0,91 0,36 0,00 0,95 0,52 0,79 0,00
18 3,39 0,09 1,31 19,27 1,00 0,42 0,36 1,05
19 0,00 0,00 0,00 0,00 1,09 0,00 1,07 0,00
20 1,33 0,00 0,38 0,00 0,65 0,00 4,20 0,00

Média 1,0 0,7 0,7 1,2 1,2 1,3 2,3 1,9

(DP)  (#1,2)  (0,8) (+1,0) (+4,3) (x1,2) (¥2,9) (x2,2) (+2,0)
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Figura A1 - Seccdes horizontais do grupo 1, onde foram utilizados espacgador
digital C e cones acessorios tamanho estandardizado 25, nos niveis 3 mm (A) e
6 mm (B) do apice radicular (50x). A porcentagem de area do canal obturada por
guta-percha foi de 74.8% (3 mm) e 78.8% (6 mm). Seta indica falha deixada pelo

espacador.

Figura A2 - Seccdes horizontais do grupo 2, onde foram utilizados espacgador
digito-palmar D11 e cones acessoérios ndo-estandardizados MF, nos niveis 3 mm
(A) e 6 mm (B) do &pice radicular (50x). A porcentagem de area do canal
obturada por guta-percha foi de 71.1% (3 mm) e 85.3% (6 mm).



ANEXO 2

Tabela A4 - Densidade optica (OD) em cada amostra e média final e desvio

padrao (Med+DP) nos diferentes materiais testados

Material OD da Amostra Med+DP
1 2 3 4 5 6 7 8 9 10
Agua 0,01 0,01 O 0 0 0 0 001 001 O 0+0.005
Glicose pad. 0,27 03 0,29 03 03 03 03 0,29 0,27 0,28 0,290+0.010
C.Portland 0,01 0 0,01 O 0 0,02 0 0 0 0 040.007
MTA cinza 0 0 0 0 001 O 0 001 O 0 0+0.004
MTAbranco 0 0 0 0 002 0 001 O 0 0 0+0.007
Sealer 26 0,06 0,06 0,05 O 0 0 0 0,01 0,05 0,04 0+0.027
Ca(OH), 0,01 0,01 0 0,00 0,01 0,01 O 0 0 0 0+0.005
S.decélcio 0,29 0,27 0,28 0,27 0,27 0,27 0,27 0,28 0,28 0,27 0,275+0.007
AH 26 0,28 0,28 0,28 0,28 0,28 0,28 0,28 0,27 0,29 0,3 0,282+0.007
Ephiphany 0,32 0,27 0,3 03 03 03 0,28 0,27 0,29 0,27 0,290+0.017
Resilon 0,33 0,31 0,3 029 03 0,28 0,31 0,3 0,3 0,28 0,300+0.015

Guta-percha 03 029 03 03 03 03 03 029 028 0,31 0,297+0.008
Dentina 0,29 0,28 0,29 0,29 029 029 03 03 0,3 0,3 0,293+0.007
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