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Rojas Lépez, JA. Propriedades fisico-quimicas e biologicas do irrigante endoddntico
‘all in one’ Triton [dissertagdo de mestrado]. Araraquara: Faculdade de Odontologia
da UNESP; 2026.

RESUMO*

O Triton € um irrigante de canal radicular recentemente desenvolvido que atua sobre
tecidos organicos e inorganicos. Este estudo avaliou as propriedades fisico-quimicas
(pH, tensdo superficial, angulo de contato, cloro livre disponivel), penetracdo na
dentina e citotoxicidade do Triton, em comparacédo com hipoclorito de sodio (NaOCI)
a 4% + acido etidrénico (HEDP), NaOCl a 4%/EDTA a 17% (&cido etilenodiamino tetra-
acético) e NaOCl a 4%. O pH foi medido utilizando um medidor de pH; a tensao
superficial e o angulo de contato foram avaliados pelos métodos da gota pendente e
da gota séssil, respectivamente. O cloro livre disponivel foi determinado por titulacao
com iodo/tiossulfato de sédio. Para a penetracdo na dentina, 39 pré-molares humanos
extraidos foram instrumentados, corados com cristal violeta, irrigados e analisados em
um estereomicroscopio. A citotoxicidade foi avaliada em fibroblastos L929 utilizando
0s ensaios de MTT e vermelho neutro. O Triton apresentou pH de 12,49, cloro livre
disponivel de 4,18% e tensdo superficial e angulo de contato significativamente
menores que 0s outros irrigantes (p<0,05). No terco cervical, o Triton apresentou
maior penetracédo na dentina que o NaOCl a 4% e o NaOCI+HEDP a 4% (p<0,05); no
terco médio, maior penetracdo que o NaOCI a 4% (p<0,05). Nao foram observadas
diferencas significativas no terco apical (p>0,05). As células expostas ao Triton e
NaOCI+HEDP a 4% apresentaram viabilidade celular significativamente menor em
comparagao com os outros grupos (p<0,05). Em concluséo, o Triton apresentou pH
alcalino, menor tenséo superficial e angulo de contato, e maior penetracédo na dentina
nos tercos cervical e médio em comparacdo com o NaOCI a 4%. No entanto, sua
citotoxicidade, semelhante a do NaOCI+HEDP a 4%, enfatiza a necessidade de uma
dindmica de irrigagédo segura para evitar danos aos tecidos perirradiculares.

Palavras-chave: Hipoclorito de sodio; Irrigantes do canal radicular; Acido etidronico;
Teste de materiais.

* Este resumo foi apresentado na 422 Reunidao Anual da Sociedade Brasileira de Pesquisa Odontolégica
(SBPqO) e publicado no periddico “Brazilian Oral Research” de acesso aberto: Aranda J, Garcia AJA, Souza
EON, Rossi-Fedele G, Ramos AP, Leonardo RT, Faria G. Propriedades fisico-quimicas, penetragédo na dentina e
citotoxicidade do irrigante endoddntico Triton 2025; 39(suppl 2), p. 281.



Rojas Lopez, JA. Physicochemical and biological properties of the ‘all-in-one’
endodontic irrigant Triton [dissertacdo de mestrado]. Araraquara: Faculdade de
Odontologia da UNESP; 2026.

ABSTRACT

Triton is a newly developed root canal irrigant that acts on both organic and inorganic
tissues. This study evaluated the physicochemical properties (pH, surface tension,
contact angle, available free chlorine), dentin penetration, and cytotoxicity of Triton,
compared with 4% sodium hypochlorite (NaOCIl) + etidronic acid (HEDP), 4%
NaOCI/17% ethylenediaminetetraacetic acid (EDTA), and 4% NaOCI. The pH was
measured using a pH meter; surface tension and contact angle were assessed by the
pendant drop and sessile drop methods, respectively. Available free chlorine was
determined by titration with iodine/sodium thiosulfate. For dentin penetration, 39
extracted human premolars were instrumented, stained with crystal violet, irrigated,
and analyzed under a stereomicroscope. Cytotoxicity was evaluated on L929
fibroblasts using MTT and neutral red assays. Triton showed a pH of 12.49, available
free chlorine of 4.18%, and significantly lower surface tension and contact angle than
the other irrigants (p<0.05). In the cervical third, Triton showed greater dentin
penetration than 4% NaOCI and 4% NaOCI+HEDP (p<0.05); in the middle third,
greater penetration than 4% NaOCI (p<0.05). No significant differences were observed
in the apical third (p>0.05). Cells exposed to the Triton and 4% NaOCI+HEDP had
significantly lower cell viability compared to other groups (p<0.05). In conclusion, Triton
had an alkaline pH, lower surface tension and contact angle, and greater dentin
penetration in the cervical and middle thirds compared to 4% NaOCI. However, its
cytotoxicity, similar to that of 4% NaOCI+HEDP, emphasizes the need for safe
irrigation dynamics to prevent periradicular tissue damage.

Keywords: Sodium hypochlorite; Root canal irrigants; Etidronic acid; Materials
Testing.
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1 INTRODUCAO

Durante o preparo quimico-mecéanico dos canais radiculares, a irrigagédo exerce
papel significante na limpeza e desinfec¢do. Tanto a agdo quimica do agente irrigante
como a fisica do ato de irrigar e da agitacdo sédo importantes para promover a remogcao
e a dissolugcdo de tecidos, debris teciduais, smear layer e fragmentos de dentina
decorrentes da agdo dos instrumentos?®-3,

O objetivo primordial do tratamento endodéntico € o controle microbiano do
sistema de canais radiculares e a prevencdo de reinfecgées?. Nesse sentido, as
solugdes irrigadoras desempenham um papel importante, que inclui também alcancar
areas desse sistema ndo acessiveis aos instrumentos endodoénticos®. Os requisitos
de uma solucdo irrigadora ideal sédo acéo de lavagem, lubrificacdo do canal radicular,
penetrabilidade no sistema de canais radiculares, atividade
antimicrobiana/antibiofiime, capacidade de dissolucdo de tecido organico e
inorganico, biocompatibilidade, natureza ndo alergénica e baixo custo?.

O hipoclorito de sodio (NaOCl) é a solucdo mais amplamente utilizada no
tratamento endodontico devido as suas propriedades antimicrobianas/antibiofilme e
capacidade de dissolver tecidos organicos. No entanto, o NaOCIl néo € eficaz na
remocdo de tecidos inorganicos, sendo recomendado o uso do quelante &cido
etilenodiaminotetracético (EDTA) a 17% como irrigante final®.

Diferentes produtos com acdo em tecido inorganico tém sido propostos para
serem misturados ao NaOCI para substituir a necessidade de irrigacao final com EDTA
e assim simplificar e reduzir o tempo de irrigacédo. Dentre eles estdo os quelantes
fracos, acido etidronico (HEDP) e o acido etilenodiamino tetraacético tetrassédico com
pH alcalino (EDTANas)’. A mistura desses quelantes com o NaOCI visam criar uma
solucdo combinada (“all-in-one") com a propriedade de quelacdo continua® A
literatura sugere que a quelacdo continua pode proporcionar melhor acao
antimicrobiana e remocé&o de detritos dentinarios, e uma dissolucéo eficaz do tecido
pulpar®1?,

Em relagcdo ao HEDP, especificamente ao Dual Rinse HEDP, ele esta
disponivel em capsulas contendo 0,9 g de po de etidronato, que deve ser dissolvido
em 10 mL da solucdo de NaOCI na concentracao desejada, ou seja, NaOCl a 2,5%,

4%, 5,25% etc. Como o HEDP reduz o teor de cloro ativo da solugédo de NaOCI ao
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longo do tempo, é necessario prepara-lo imediatamente antes do uso'3. De acordo
com a literatura, a solucdo de HEDP/NaOCI a 5% apresenta maior tensao superficial
do que NaOCI a 5%,

O Triton (Brasseler Savannah, Georgia, USA) € um novo irrigante endodéntico
de acao dupla, que combina as propriedades do NaOCI (dissolucdo de tecido pulpar
e atividade antimicrobiana) e de um quelante (acdo sobre tecido inorganico) em uma
Unica solucdo®®. Esse irrigante é preparado pela mistura de duas solugées distintas
(Parte A e Parte B) em um Unico sistema de irrigacdo antes de seu uso. A Parte A
contém 14 quelantes, surfactante (lauril sulfato de so6dio), modificadores de pH,
estabilizantes e 4gua, enquanto a Parte B € composta por hipoclorito de sodio a 8%,
modificadores de pH e agua. A combinacdo das duas partes resulta em uma solugéo
final de NaOCI na concentragdo de 4%*>17,

A irrigacdo com Triton removeu smear layer, expondo os tubulos dentinarios
abertos, mostrando ser tao eficaz quanto NaOCI a 6%+ EDTA e mais eficaz do que
HEDP+NaOCI a 6%*"*8. Por outro lado, h& estudo mostrando que o Triton foi menos
eficaz na remocao da smear layer em comparacédo com a solucdo de nanoparticulas
de quitosana a 0,5% e de EDTA a 17%, em todos os niveis do canal radicular®®.

Em relacdo a dissolucdo tecidual, o Triton apresenta a capacidade de
dissolucédo mais rapida em comparacdo com o NaOCI a 3%. Além disso, a atividade
de dissolucao tecidual do Triton pode ser otimizada em temperaturas de 45°C ou 60°C
sem provocar alteracdes quimicas prejudiciais na composicéo do irrigante’®.

Referente a atividade antimicrobiana, o Triton, na presenca ou auséncia de
smear layer, mostrou eficacia superior sobre biofilme de Enterococcus faecalis e
biofilmes multiespécies em blocos de dentina quando comparado ao NaOCl a 6% ou
a combinacdo de NaOCl a 6% + EDTA em todos os tempos de aplicacdo estudados
de 3, 4 e 6 minutos®®. Em outros estudos, Triton apresentou atividade antimicrobiana
sobre biofilmes multiespécies semelhante a do NaOCI a 4%?*°, e foi superior contra
Candida albicans quando comparado com uso de NaOCl a 6% + EDTA a 17%?".

O efeito do Triton sobre a superficie dentinaria também tem sido estudado. A
solugéao Triton™ alterou quimicamente a composicado da dentina radicular de forma
mais pronunciada no conteudo organico, reduzindo-o em relagdo ao tratamento com
2,5% NaOCIl + 17% EDTA + 2,5% NaOCI. Além disso, a solucéo Triton™ expbs menor
quantidade, area e perimetro de tubulos dentinarios, resultando em regifes com

trincas e erosdes na dentina intracanal, além de menor microdureza em comparacao
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ao tratamento com 2,5% NaOCI + 17% EDTA + 2,5% NaOCI?°. Além disso, dentes
irrigados com Triton apresentaram menor resisténcia de uni@do a um cimento
endoddntico a base de resina epoxi em comparagdo com o protocolo NaOCI 2.5%/
EDTA 17%/ solucéo salina?!.

Um dos fatores determinantes na efetividade de uma solucéo irrigadora é a sua
tensao superficial. A tensdo superficial é definida como a for¢ca entre as moléculas de
superficie, que faz com que uma gota de liquido se espalhe ou se concentre quando
colocada sobre uma superficie??. Um valor alto da tenséo superficial pode dificultar a
penetracdo da solucdo irrigadora nos tubulos dentinarios e irregularidades
anatbmicas, o que pode ter como consequéncia uma diminuicdo na atividade
antibacteriana®®2°. Assim, substancias que diminuem a tensdo superficial dos
irrigantes como os surfactantes, dentre eles a cetramida, Triton X-100 (TRX), Tween
80 (T80), cloreto de benzalconio (BAK) e lauril sulfato de sédio tem sido associadas
aos irrigantes?>3L,

No Triton, o surfactante utilizado € o lauril sulfato de sédio. Ele possui boa
capacidade de lavagem no sistema de canais radiculares e € eficaz na solubilizacédo
de materiais proteicos. Além disso, sua combinacdo com irrigantes pode potencializar
o efeito antimicrobiano?63%, Adicionalmente também pode desorganizar a estrutura do
biofilme bacteriano e inibir a coagregacéo bacteriana®?.

A tensdo superficial por sua vez esta relacionada ao angulo de contato, cuja
mensuracao pode proporcionar uma melhor compreensao da interacé@o entre liquidos
e a superficie de contato, e, consequentemente, da molhabilidade do irrigante?433. A
capacidade de penetragdo de um irrigante nos canais principais, tubulos dentinérios e
complexidades anatbmicas é fortemente influenciada pela sua tensédo superficial e
molhabilidade?®. Ao otimizar essa molhabilidade, pode ser potencializada a eficacia
do irrigante na dissolucdo tecidual e atuacdo em regides ndo tocadas pelos
instrumentos endodénticos durante o0 preparo quimico-mecanico do canal
radicular343,

O pH de uma solucéo irrigadora de NaOCI é determinante ja que pode interferir
na reatividade do cloro®37. Solu¢Ges comerciais de NaOCI tém um pH alcalino®-49, o
que determina um aumento em sua atividade de dissolucdo do tecido organico*!. As
atividades de dissolucao do tecido e antimicrobiana estao relacionadas com os ions
hipoclorito e o acido hipocloroso que em conjunto formam o cloro ativo disponivel das
solucdes de NaOCI®#42,
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De acordo com o fabricante e com a literatura, a integracdo de atividade
antimicrobiana, dissolucdo de tecidos organicos e inorganicos, e de remocdo da
smear layer obtidas com o Triton em um Unico passo, representa um avango na
irrigacdo de canais radiculares. Isso porque ha simplificacdo da irrigacdo e,
consequentemente, otimizacdo dos procedimentos clinicos, proporcionando um
tratamento endoddntico mais confortavel para pacientes e endodontistas'®18, No
entanto, ainda ndo se conhecem as propriedades fisico-quimicas e a penetrabilidade
nos tubulos dentinarios dessa nova solugéo, as quais podem ser determinantes para
sua relacao com os tecidos dentais e efetividade do tratamento endodéntico. Também
nao se conhece a propriedade biologica de citotoxicidade do Triton; apenas um estudo
avaliou sua citotoxicidade em comparacdo com o EndoJuice, e ndo em relacéo ao
NaOCI ou a outros irrigantes “all in one™?3. Isso é importante uma vez que os irrigantes
podem entrar em contato com os tecidos periapicais, 0s quais sao responsaveis pelo

reparo e, portanto, devem ser preservados**.
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2 PROPOSICAO

O objetivo foi avaliar as propriedades fisico-quimicas (pH, tensdo superficial,
angulo de contato e quantidade de cloro livre disponivel), a penetracdo na dentina e a
citotoxicidade do novo irrigante Triton em comparacdo com as solugdes irrigadoras
NaOCl a 4% + HEDP, NaOCl a 4% / EDTA a 17% e NaOCI a 4%.
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3 PUBLICACAO )
O projeto de pesquisa foi aprovado pelo Comité de Etica em Pesquisa da Faculdade

de Odontologia — Campus Araraquara, CAAE: 83635724.2.0000.5416 (ANEXO A).
3.1 Publicacéo 1*

BASIC RESEARCH - TECHNOLOGY
Physicochemical and
Biological Properties of the
“All-In-One” Endodontic
Irrigant Triton

ABSTRACT

Introduction: Triton is a newly developed root canal irrigant that acts on both organic and
inorganic tissues. This study evaluated the physicochemical properties (pH, surface tension,
contact angle, available free chlorine), dentin penetration, and cytotoxicity of Triton,
compared with 4% sodium hypochlorite (NaOCI) + etidronic acid (HEDP), 4% NaOCI/17%
ethylenediaminetetraacetic acid, and 4% NaOCI. Methods: pH was measured using a pH
meter; surface tension and contact angle were assessed by the pendant drop and sessile
drop methods, respectively. Available free chlorine was determined by titration with iodine/
sodium thiosulfate. For dentin penetration, 39 extracted human premolars were
instrumented, stained with crystal violet, irrigated, and analyzed under a stereomicroscope.
Cytotoxicity was evaluated on L929 fibroblasts using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) and neutral red (NR) assays. Results: Triton showed a
pH of 12.49, available free chlorine of 4.18%, and significantly lower surface tension and
contact angle than the other irrigants (P < .05). In the cervical third, Triton showed greater
dentin penetration than 4% NaOCI| and 4% NaOCI + HEDP (P < .05); in the middle third,
greater penetration than 4% NaOCI (P < .05). No significant differences were observed in the
apical third (P > .05). Triton and 4% NaOCI + HEDP groups had significantly lower cell
viability compared to other groups (P < .05). Conclusions: Triton demonstrated an
alkaline pH, lower surface tension and contact angle, and greater dentin penetration in
the cervical and middle thirds compared to 4% NaOCI. However, its cytotoxicity, similar
to that of 4% NaOCI + HEDP, emphasizes the need for safe irrigation dynamics to
prevent periradicular tissue damage. (J Endod 2025; B:1-8.)

KEY WORDS

Continuous chelation; cytotoxicity; endodontic irrigants; etidronic acid; physicochemical
properties; Triton

Root canal irfigants aid in disinfecting areas inaccessible to instruments'. Sodium hypochlorite (NaOCI)
is the most commonly used irrigant but is ineffective on inorganic tissues. Therefore, it is often combined
with ethylenediaminetetraacetic acid (EDTA)*". Alternatively, weak chelators like etidronic acid (HEDP)
can be used mixed with NaOCI, producing a solution with continuous chelating capacity“”.

Triton (Brasseler, Savannah, GA) is a new irrigant that combines NaOCI with chelators in a
single solution®. It is prepared by mixing Part A (14 chelators, sodium lauryl sulfate, pH modifiers,
stabilizers, and water) and Part B (8% NaOCI, pH modifiers, and water), resulting in 4% NaOCI” ".
Triton removes the smear layer as effectively as 6% NaOCI + EDTA and better than HEDP + 6%
NaOCI*“, with similar antimicrobial activity to 4% NaOCI against multispecies biofilms'".

Surface tension is a key factor affecting irrigant penetration’''?, with high values limiting
penetration and reducing antibacterial action'® '”, Substances that reduce the surface tension
of irrigants, such as surfactants, have been added to irrigants to improve their penetration into
the root canal system'*'“. Sodium lauryl sulfate is the surfactant present in Triton.

Triton's physicochemical properties, dentin penetration, and cytotoxicity remain understudied.
Only one study has assessed its cytotoxicity against EndoJuice '“, not against NaOCI or other “all-in-
one” irigants. Since irrigants may reach periapical tissues'®, cytotoxicity evaluation is essential.
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The aim was to evaluate the
physicochemical properties (pH, surface
tension, contact angle, amount of available
free chlorine), dentine penetration, and
cytotoxicity of the new irrigant Triton in
comparison with the irrigating solutions 4%
NaOCI + HEDP, 4% NaOCI/17% EDTA, and
4% NaOCl.

MATERIAL AND METHODS

The project was approved by the Ethics
Committee of the School of Dentistry (CAAE:
83635724.2.0000.5416).

Irrigating Solutions

The 4% NaOCI solution was obtained by
diluting a 5% NaOCI stock solution
(AraQuimica, Araraquara-SP, Brazil) in distilled
water. Endo Rinse HEDP (KDent, Joinville,
SC, Brazil) contents of a 0.9 g capsule were
diluted in 20 mL of 4% NaOCI solution,
according to the manufacturer’s instructions.
Triton (batch number 20240276) was
subjected to the automix process immediately
prior to use.

Determination of Available Free
Chlorine

The available free chlorine content of the
Triton, 4% NaOCI + HEDP, 4% NaOCI, and
H,0O + HEDP (additional control) was
determined using the iodometric titration
method with sodium thiosulfate'®. Available
free chlorine was determined in triplicate, and
the mean value was reported.

Determination of pH

Measurements were performed immediately
after mixing Triton, preparing 4%

NaOCI + HEDP and 4% NaOCI, and mixing
H-0 + HEDP (additional control), using a pH
meter (DM-22, Digimed, Sao Paulo, SP,
Brazil) at room temperature (22°C)'”. The
measurements were performed 3 times, and
the final value was expressed as the mean of
the 3 results.

Surface Tension

The surface tension of MiliQ “ultrapure water”
(Merck Millipore, Darmstadt, Germany),
Triton, 4% NaOCI + HEDP, 4% NaOCI, and
17% EDTA (Biodinamica, Parana, Brazil)
solutions was measured using the pendant
drop method, with room temperature
adjusted between 22°C and 24°C according
to Andrade et al'®. Measurements were
obtained from 3 independent experiments,
and the mean value was calculated.
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Contact Angle

The sample size was estimated using the
G*Power 3.1 software for Windows (Franz Faul,
Christian-Albrechts-Universitat zu Kiel, Kiel,
Germany). The calculation, based on an effect
size = 1.01 (from pilot studies), test power

(B) = 0.95, and o = 0.05, using the “F-test
family,” indicated the need for 20 specimens (4
per group). Ten human permanent single-
rooted teeth (previously stored in a 0.1%
thymol solution at a temperature of 4°C) were
sectioned longitudinally to obtain 20
hemisections. Each hemisection was placed in
a polyvinyl chloride ring, to be embedded in
acrylic resin. The specimens were polished with
grit abrasive papers (120 to 1,200-grit) (3M
ESPE, St. Paul, MN). The hemisections were
allocated into 5 groups (n = 4): Triton, 4%
NaOCI + HEDP, 4% NaOCl, 17% EDTA, and
distilled water. The contact angle (©) was
determined using the sessile drop method'*'°,
The mean of the 3 values was adopted as the
final value for each sample.

Irrigant Penetration into Dentinal
Tubules
Prior to the main experiment, scanning
electron microscopy was used to evaluate the
smear layer formation after instrumentation
and following the final irrigation protocol,
before staining the teeth. A detailed
description of the methodology is provided in
the Supplementary Material, available online
at www.jendodon.com.

The assay followed the crystal violet
decolorization method'“. Sample size
(n = 33) was estimated using G*Power 3.1
[effect size = 0.75, from Coaguila-Llerena
etal'®, B =0.95, « = 0.05]. Considering the
possibility of sample loss, 36 specimens
were used. Freshly extracted human
premolars with single, straight canals
(Schneider angle <5°) were disinfected in
2.5% NaOCl and stored in 0.1% thymol at
4°C. Teeth were standardized to 16 mm and
instrumented up to AF BLUE R3 40/.06
(Fanta Dental, Shanghai, China), with
irrigation using 2 mL of 2.5% NaOCI for
1 minute after each file, followed by 5 mL of
17% EDTA for 3 minutes and a final rinse
with 5 mL of distilled water. Canals were
filled with 1% crystal violet (Labsynth,
Diadema, SP, Brazil), renewed every 12 h
for 3 days at 37°C. Apices were sealed with
composite resin. Teeth were randomly
assigned (https://www.random.org): Triton,
4% NaOCl, 4% NaOCI + HEDP, and
distilled water (control; n = 3). The control
group was used to confirm the absence of
crystal violet decolorization and were not
included in the statistical analysis. The
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irrigants were applied in 5 mL volumes for
2 minutes using a 5 mL syringe (Ultradent
Products, South Jordan, UT) and a 27G
side-vented needle (Endo-Eze, Ultradent
Products), followed by irrigation with 5 mL of
distilled water. The teeth were then
sectioned 3, 7, and 12 mm from the apex.
Images of the segments were acquired
using a stereomicroscope (LeicaM80, Leica
Microsystems, Wetzlar, Germany). The
depth of irrigant penetration was measured,
linearly from the canal wall to the area of
crystal violet decolorization, in 10
equidistant regions along the root canal
circumference, using Image J software
(National Institutes of Health, NIH). A
calibrated examiner performed the
measurements twice, blinded to the group
allocation.

Cytotoxicity

Permanent cultures of mouse fibroblasts
(L929 cell line) were seeded in 96-well
culture plates (1.5 X 10% cells/well)
containing Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and incubated for
24 hours. The culture medium was
removed, and the cells were exposed to
irrigants diluted in saline (volume: volume),
from 0.0008 to 0.004%. Exposure time was
6 minutes for Triton, 4% NaOCI| + HEDP,
and 4% NaOCI. For the 4% NaOCI/17%
EDTA group, 4% NaOCI was applied for

5 minutes followed by 1 minute of 17%
EDTA®. Saline and DMEM with 10% FBS
were used as controls. After treatment, the
solutions were removed, and the cells were
incubated with DMEM plus 10% FBS for

4 hours'?. Cell viability was evaluated using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) and neutral red
(NR) assays. After incubation with the
respective reagents, absorbance was
measured at 570 nm. Both assays were
performed in triplicate and repeated in 3
independent experiments.

Statistical Analysis

Data were analyzed using GraphPad Prism
9.0.2 (GraphPad Software, La Jolla, CA)
with a 5% significance level. Normality and
homogeneity were assessed by Shapiro-
Wilk and Brown-Forsythe tests,
respectively. Parametric data were
analyzed using one- or 2-way ANOVA with
Tukey’s post hoc test (surface tension,
contact angle, cytotoxicity).
Nonparametric data (dentinal tubule
penetration) were analyzed using Kruskal-
Wallis and Dunn’s post hoc test.

JOE o Volume M, Number l, W 2025



19

B
A 804
a
7233
60
£ g
% 404 g
O
20
0-
T T T s v
R «,;\\°° oc}b?\" = ?»{\"
Q
&8
K
RS

WS ————

H,0 NaOCl 4%

HEDP+NaOCl 4%

EDTA17%

Triton

FIGURE 1 — Mean and standard deviation of (A) surface tension (mN/m), (B) contact angle (©). Different letters indicate significant differences between the groups. (C)
representative images of the contact angle of the solutions water, Triton, 4% NaOCI + HEDP, 4% NaOCI and 17% EDTA. (D) Representative image of the OCA-20 system
(DataPhysics Instruments GmbH) used to evaluate surface tension and contact angle. EDTA, ethylenediaminetetraacetic acid; HEDP, etidronic acid; NaOCL, sodium hypochlorite.

RESULTS

pH and Available Free Chlorine
Content

The Triton, 4% NaOCI| + HEDP, 4% NaOCl, and
H,O + HEDP solutions exhibited alkaline pH
values of 12.49, 12.48, 12.70, and 11.19,
respectively. The available free chlorine
concentration was 4.18% in the Triton solution,
3.82% in the 4% NaOCI + HEDP solution, and
4.00% in the 4% NaOCI solution. The

H»O + HEDP group had 0% free chlorine
content.

Surface Tension and Contact Angle
Water showed the highest surface tension
value, while Triton exhibited the lowest. The
irmigants 4% NaOCI + HEDP, 4% NaOClI, and
17% EDTA demonstrated intermediate surface
tension values. All groups differed significantly
from each other (P < .05) (Fig. 1A). Triton
showed the lowest contact angle (P < .05),
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followed by 4% NaOCI + HEDP (P < .05). The
groups water, 4% NaOCI, and 17% EDTA
presented the highest contact angles, with no
significant differences between them (P > .05)
(Fig. 1B and 1C).

Dentin Penetration

The preliminary study confirmed that
instrumentation caused the formation of
smear layer, which was removed
subsequently by the final irrigation before
crystal violet staining. These results are
described in further detail in the
Supplementary Material, available online at
www.jendodon.com.

In the cervical third, the Triton group
showed greater dentin penetration than the 4%
NaOCI + HEDP and 4% NaOCI groups
(P < .05), with no significant difference
between the latter 2 (P = .05). In the middle
third, Triton exhibited greater penetration than
4% NaOCI (P < .05), but not significantly

greater than 4% NaOCI + HEDP (P > .05). In
the apical third, no significant differences in
dentinal tubule penetration values were
observed among the groups (P > .05). When
comparing the root thirds within each solution
group, both Triton and 4% NaOCI had
significantly higher penetration in the cervical
third compared to the middle and apical thirds
(P < .05). The 4% NaOCI + HEDP group;
however, had no significant difference between
the cervical and middle thirds (P > .05), but did
exhibit greater penetration in the cervical third
compared to the apical third (P < .05) (Fig. 2).

Cytotoxicity

In both the MTT and NR assays, a decrease in
cell viability was observed with increasing
solution concentration. The 17% EDTA group
exhibited the highest cell viability compared to
the other groups (P < .05), consistently
remaining above 80%. The 4%

NaOCI + EDTA and 4% NaOCI groups

Properties of Triton Irigant 3
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FIGURE 2 - (A) Dentin penetration measurement in micrometers (um) of the Triton, 4% NaOCI + HEDP, and 4% NaOCl solutions. Different lowercase letters in the columns of
each segment indicate significant differences between the solutions. (B8) Representative images of dentin penetration in the cervical, middle, and apical thirds for water (control),
Triton, 4% NaOCI + HEDP, and 4% NaOCI. The bleaching of crystal violet indicates the penetration of the irrigant solutions (arrows). DE, dentin; EDTA, ethylenediaminetetraacetic
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showed intermediate viability values with no
significant difference between them (P > .05).
In contrast, the Triton and 4% NaOCI + HEDP
groups presented the lowest cell viability
values (P < .05), with no significant difference
between them (P > .05), as clearly shown in
the MTT assay (Fig. 3).

DISCUSSION

Within the limitations of the present laboratory
setup, Triton demonstrated favorable
physicochemical properties and deeper

4 Arandaetal.

dentinal tubule penetration compared to the
other solutions.

The pH value of NaOCI solutions is
related to their ability to dissolve organic
tissue, biocidal activity and overall reactivity of
chlorine”?". In this study, all experimental
solutions showed alkaline pH values greater
than 12.4, which is considered ideal for the
chemical stability of NaOCl-containing
solutions®” and having hypochlorite ion as the
main chlorine form in solution””. The available
free chlorine content is important for its
antimicrobial and tissue-dissolution abilities. In

the Triton group was 4.18%, which is very
close to the value reported by the
manufacturer (4%).

Triton exhibited the lowest surface
tension among the tested solutions; its value
was approximately 2.71 times lower than that
of 4% NaOCI + HEDP, 2.76 times lower than
4% NaOCl, and 2.67 times lower than 17%
EDTA. This can be explained by the presence
of the surfactant sodium lauryl sulfate in
Triton””, This reduction in surface tension had
a direct impact on the contact angle; Triton
exhibited the lowest contact angle, indicating
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FIGURE 3 - MTT (A) and NR (B) cell viability assays in L929 cells exposed to the tested solutions. Statistical comparison of the assay results MTT (C) and NR (D), where different
letters indicate significant differences between the solutions at each concentration. EDTA, ethylenediaminetetraacetic acid; HEDP, etidronic acid; NaOCL, sodium hypochlorite; NR,

neutral red.

greater wettability of the dentin surface'>",
The 4% NaOCI + HEDP group showed a
contact angle higher than Triton but lower
than 4% NaOCI, suggesting that the addition
of HEDP may contribute to improved
interaction with dentin. These values are
relevant because a lower contact angle favors
better distribution of irrigating solutions across
the dentine surface, optimizing their
action”””,

When considering dentinal tubule
penetration, the low surface tension and
contact angle values of Triton are aligned
with its ability to penetrate dentin. Triton
showed deeper penetration into the cervical
third of dentin compared to the other
irrigants. In the middle third, Triton
maintained superior penetration compared
to 4% NaOCI, although no significant
difference was found when compared to 4%
NaOCI + HEDP. In the apical region, no
significant differences were observed among
groups, which can be attributed to the
characteristics of the dentinal tubules in this
region (eg smaller diameter and a lower
number), compared to the cervical and
middle thirds. These features likely limit
irrigant penetration in the apical third”®.
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The laboratory set-up for assessing
dentinal tubule penetration requires further
consideration. Crystal violet staining has
limitations, as it provides only an indirect
evaluation of penetration within the
decolorized area, which may not directly
correlate with antimicrobial efficacy'”.
Additionally, staining the walls of the root canal
could modify the surface properties of
dentin”’. Another limitation is the absence of
smear layer formation after the specimens
were stained with crystal violet. The formation
of the smear layer was omitted in the present
study, as NaOCI has no action on inorganic
matter. The presence of a smear layer would
create a bias in the evaluation of the irrigants’
penetrability. Furthermore, the crystal violet
staining method previously described in the
literature for assessing the penetrability of
NaOClI-based root canal irrigants does not
incorporate reinstrumentation to form a smear
layer following tooth staining”®“°. Notably,
smear layer removal evaluation was not an
outcome of the present study.

Cytotoxicity can be influenced by
several variables. The 6-minute incubation
period used here followed Sheng et al”, who
found that 6-minute Triton exposure had

greater efficacy against Enterococcus faecalis
and multispecies biofilms than 3 minutes.
Triton and 4% NaOCI + HEDP showed higher
cytotoxic potential than 4% NaOCI and 4%
NaOCVEDTA, likely due to components
outside NaOCI. In the case of Triton, the likely
components are citric acid and sodium lauryl
sulfate. While no studies have directly
compared the cytotoxicity of NaOCI with
sodium lauryl sulfate, the latter showed higher
cytotoxicity than a saturated aqueous solution
of calcium hydroxide™. A mixture of 2.5%
NaOCI with 6% citric acid has also exhibited
higher cytotoxicity than NaOCI alone in
peripheral blood mononuclear cells®'.
Regarding HEDP + NaOC], its altered
cytotoxicity is likely attributable to the etidronic
acid component per se. Fibroblast cells (V79)
exposed either to 5% NaOCI| or HEDP + 5%
NaOCl for 15 minutes showed no difference in
cell viability™. A possible explanation for the
difference compared with the present study is
that the dilutions were prepared in culture
medium, which may have a buffering effect on
the irrigating solution. Additionally, the
presence of fetal bovine serum may also
influence the results by reducing the toxicity of
substances such as NaOCI*®, In the present

Properties of Triton Irrigant 5



study, the irrigant solutions were diluted in
saline solution to avoid this buffering effect
during the assays'”™.

In addition, in vitro cytotoxicity assays
have limitations, such as using specific cell
lines that may not replicate in vivo tissue
responses, and differences in irrigant
concentrations versus clinical conditions®*°,
Still, testing diluted solutions can simulate
various levels of irrigant extrusion or mimic
periapical tissue environments, where irrigant
concentration decreases over time through
clearance by extracellular fluids™.

The results of the present study
suggest that components of Triton other than
4% NaOCl influence the solution's physical
and biological properties, reducing its surface
tension and contact angle, improving its
penetration capacity in certain dentine
regions, but increasing its cytotoxic potential
compared to isolated NaOCI.

Further investigations are needed to
evaluate the in vivo cytotoxicity of Triton, its
dentin penetration when combined with
different irrigant agitation techniques, and its
effects on the structural integrity of root canal
dentin.

In summary, Triton showed favorable
physicochemical properties and superior
dentinal penetration compared to NaOCl and
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3.1.2 Material suplementar da publicacéo 1

SCANNING ELECTRON MICROSCOPY EVALUATION

MATERIAL AND METHODS

Smear layer formation after instrumentation was evaluated in three teeth prepared using the same
methodology described in the “Irrigant Penetration into Dentinal Tubules” section of the Materials and
Methods, except without the final irrigation with EDTA and distilled water. The specimens were sectioned
longitudinally, dehydrated, and examined with a scanning electron microscope (EVO 50; Carl Zeiss,
Oberkochen, Germany) operated at 20 kV. Smear layer removal after the final irrigation protocol (5 mL of
17% EDTA for 3 minutes, followed by 5 mL of distilled water) was evaluated in eight teeth instrumented
using the same methodology. Each specimen was examined at 500x magnification in multiple fields within
the apical, middle, and coronal thirds. Three representative photomicrographs were obtained at 1000x
magnification for each specimen, one from each root third. A semi-quantitative analysis of the smear layer

was performed according to Hiilsmann et al. (1997):

— Score 1: no smear layer, dentinal tubuli open;

— Score 2: small amount of smear layer, some dentinal tubuli open;

— Score 3: homogenous smear layer covering most of the root canal wall, no or only few dentinal tubuli
open;

— Score 4: complete root canal wall covered by smear layer, no dentinal tubuli open;

— Smear layer: Score 5: complete root canal wall covered by a heavy, inhomogenous smear layer.

RESULTS
SEM images revealed the presence of smear layer in all three root thirds after instrumentation, as

illustrated in Figure 1.
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Supplemental Figure 1 - Representative SEM images of root canal thirds after root canal instrumentation and
before the final irrigation protocol (5 mL of 17% EDTA for 3 minutes and 5 mL of distilled water). Images
show the cervical (A), middle (B), and apical (C) thirds.

The results of the smear layer status after the final irrigation protocol are presented in Figures 2 and 3. All
specimens from the cervical third (100%) exhibited a score of 1. In the middle third, six specimens (75%)
showed a score of 1, while two specimens (25%) exhibited a score of 2. In the apical third, most specimens
received a score of 2 (6 in total). These findings are in accordance with previous studies reported in the
literature, which have showed that final irrigation protocols using EDTA are unable to completely remove
the smear layer from the apical third of the root canal (Caron et al., 2010; Aranda Garcia et al., 2013; Mancini
etal., 2013; Yeung et al., 2014; Mendonga et al., 2015).
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Supplemental Figure 2 - Distribution of the scores obtained in the evaluation of the smear layer on the
dentin surface according to the root third (cervical, middle, and apical) after the final irrigation protocol (5
mL of 17% EDTA for 3 minutes, and 5 mL of distilled water).
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Supplemental Figure S3- Representative SEM images of root canal thirds after the final irrigation protocol
(5 mL of 17% EDTA for 3 minutes, and 5 mL of distilled water). Images show the cervical (A), middle (B),
and apical (C) thirds. SEM images of the cervical and middle thirds correspond to score 1, while the apical
third corresponds to score 2.
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CONCLUSAO

O irrigante endodoéntico “all in one” Triton se destacou por suas boas
propriedades fisico-quimicas, incluindo pH alcalino, teor de cloro disponivel igual ao
informado pelo fabricante, baixa tensao superficial e angulo de contato reduzido, além
de uma maior capacidade de penetragdo dentinaria em comparacao com NaOCI a 4%
e NaOCl a 4% +HEDP. No entanto, as diluicdes do Triton e NaOCL a 4% +HEDP
tiveram efeito citotéxico mais acentuado quando comparado ao NaOCl a 4% e NaOCI
a4% + EDTA a 17%.
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APENDICE A — Metodologia estendida

MATERIAL E METODO

O projeto foi aprovado pelo Comité de Etica da Faculdade de Odontologia
(CAAE:83635724.2.0000.5416).

Solugdes irrigadoras

A solucdo de 4% NaOCI foi obtida pela diluicAo em agua destilada de uma
solucédo estoque de 5% NaOCI (AraQuimica, Araraquara-SP, Brasil), titulada pelo
método de iodo/tiossulfato de sédio’. Endo Rinse HEDP (KDent, Joinville, SC, Brasil)
€ um agente quelante em p6, composto pelo &cido etidrénico (HEDP). O p6 da capsula
0,9 g foi diluido em 20 mL da solucdo de 4% NaOCI, conforme instrucdes do
fabricante, no momento do uso. O Triton (Brasseler) foi submetido ao processo de

automix no momento do uso.

Determinacao do cloro livre disponivel

O conteudo de cloro livre disponivel foi determinado pelo método de titulacdo
com iodo/tiossulfato de sédiot. As solucdes de Triton, 4% NaOCI+HEDP, 4% NaOCI
e H20+HEDP (controle adicional) foram misturadas com iodeto de potassio a 5%
(Exodo Cientifica, Sumaré, Sdo Paulo, Brasil) e éacido acético a 99,8% (Neon
Comercial, Suzano, SP, Brasil). Em seguida, foi adicionado tiossulfato de sédio a 0,1
N (Labsynth Produtos Para Laboratorios, Diadema, SP, Brasil) até que a solucéo se
tornou amarela clara. Imediatamente, se adicionou amido a 0,5% (Exodo Cientifica),
resultando em uma coloracéo azul. Entéo, foi adicionando tiossulfato de sédio a 0,1 N
(Labsynth) até que a solucdo se tornasse transparente. O volume de tiossulfato de

sédio consumido foi utilizado para fazer o célculo da quantidade de cloro.

Determinacao do pH

As mensuracgdes foram realizadas imediatamente ap6ds a mistura do Triton, 4%
NaOCI+HEDP, preparo do 4% NaOCI e H2O+HEDP (controle adicional), utilizando um
pH-metro (DM-22, Digimed, Sdo Paulo, SP, Brasil) a uma temperatura ambiente de
22°C.
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Tenséao superficial

A tensao superficial das solugdes de H20 MiliQ, Triton, 4% NaOCI+HEDP, 4%
NaOCl e 17% EDTA foi mensurada utilizando o método da gota pendente, com a
temperatura ambiente ajustada entre 22° e 24°C. A solucao foi inserida em seringa
conectada ao sistema OCA-20 (DataPhysics Instruments, Filderstadt, Alemanha),
onde formou uma gota que foi digitalmente registrada por um dispositivo associado. A
tensdo superficial foi calculada automaticamente com base na forma da gota,
utilizando o software SCA-20 (DataPhysics Instruments)?. O teste foi realizado trés

vezes de forma independente.

Angulo de contato

A estimativa do tamanho amostral foi calculada utilizando o software G*Power
3.1 para Windows (Franz Faul, Christian-Albrechts-Universitat zu Kiel, Kiel,
Alemanha). O calculo, baseado em um tamanho do efeito = 1,01 (com base em
estudos piloto), poder do teste () = 0,95 e a = 0,05, utilizando a “familia de testes F”,
mostrou serem necessarios 20 espécimes (4 por grupo). Foram empregados 10
dentes humanos permanentes monorradiculares, decoronados e seccionados
longitudinalmente para obter 20 hemissecdes. Cada hemissecao foi posicionada em
um anel de cloreto de polivinila com 20 mm de diametro e 15 mm de largura, com a
superficie de dentina do canal radicular voltada para o fundo do dispositivo, para ser
preenchida posteriormente com resina acrilica. Apés a aplicacdo da resina, tanto a
superficie de dentina quanto a resina foram polidas com papéis abrasivos de
granulacao sequencial (120 a 1.200-grit) (3M ESPE, St. Paul, MN, EUA) para obter
uma superficie uniforme. As hemissec¢des foram distribuidas em 5 grupos (n = 4):
Triton, 4% NaOCI+HEDP, 4% NaOCI, 17% EDTA e agua. Os espécimes foram
armazenados em agua destilada a 4°C até o momento do teste. Antes de cada
medicdo, a superficie de dentina foi seca com papel absorvente para remover
qualquer residuo de agua. A determinagao do angulo de contato (©) foi realizada pelo
meétodo da gota séssil, utilizando o sistema OCA-20 (DataPhysics Instruments GmbH)
e o software SCA-20 (DataPhysics Instruments GmbH). Trés aliquotas de 5 uL de
cada solucao foram pipetadas em trés pontos distintos na superficie de dentina. Apés
30 segundos, quando as gotas estabilizaram, as imagens foram capturadas®3. A

meédia dos trés valores foi adotada como o valor final para cada amostra.
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Penetrabilidade dos irrigantes nos tubulos dentinarios

O ensaio foi conduzido utilizando o método de descoloragédo do cristal violeta?.
Foram utilizados 39 dentes pré-molares humanos, recém-extraidos e desinfetados em
NaOCl a 2,5%. Dentes com multiplos canais, calcificacdo, tratamento prévio,
reabsorcdo externa e interna, mais de um apice ou apice arrombado foram excluidos.
A confirmacéo dos critérios de incluséo (dentes com dimensdes e canais semelhantes,
canais unicos, raizes retas (angulo de Schneider < 5°) e forame apical Unico foi feita
por estereomicroscopia (Leica Microsystems, Wetzlar, Alemanha) e radiografias
digitais (Eagle Digital Sensor by Dabi Atlante, Ribeirdo Preto, Sdo Paulo, Brasil). As
coroas dos dentes foram removidas, a padronizacéo das raizes foi feita em 16 mm de
comprimento e 0s canais instrumentados até o instrumento AF BLUE R3 40/.06 (Fanta
Dental, Shanghai, China), sendo irrigados com 2 mL de 2,5% NaOCI por 1 minuto a
cada troca de instrumento, seguido de 5 mL de 17% EDTA por 3 minutos e uma
irrigacédo final com 5 mL de agua destilada. Posteriormente os canais radiculares foram
preenchidos com cristal violeta a 1% (Labsynth Produtos para Laboratérios, Diadema,
SP, Brasil), a qual foi renovada a cada 12 h por 3 dias; a 37°C. Os &pices foram
selados com resina composta e os dentes foram alocados aleatoriamente nos grupos:
Triton, 4% NaOCI, 4% NaOCI+HEDP e 4gua destilada como controle, sendo 12 dentes
por cada grupo experimental e 3 dentes no grupo controle. Os dentes controles foram
irrigados com agua para confirmar se ndo havia descolorag¢é@o da violeta e ndo foram
usados na comparacao estatistica. Os irrigantes foram aplicados numa quantidade de
5 mL por 2 minutos utilizando uma seringa de 5 mL (Ultraden Products, South Jordan,
UT, EUA) e uma agulha 27G de saida lateral (Endo-Eze®, Ultradent Products),
seguido de irrigacdo com 5 mL de agua destilada. Os dentes foram seccionados em
segmentos cervical, médio e apical (3, 7 e 12 mm do apice respectivamente) para
analise. A superficie cervical de cada segmento foi polida com lixa de granulagéo 1000
(3M ESPE), para posteriormente obter as imagens dos segmentos com um
estereomicroscopio (LeicaM80, Leica Microsystems, Wetzlar, Germany) e o software
Leica Application Suite EZ 3.0 (Leica Microsystems). A profundidade de penetracéo
dos irrigantes foi medida em micrémetros, de forma linear, da parede do canal até a
descoloracao do cristal violeta em 10 regifes equidistantes da circunferéncia do canal
radicular, utilizando o software Image J (National Institutes of Health, NIH). Um
avaliador calibrado realizou as medicdes duas vezes, sem saber a identificacdo dos

grupos.
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Citotoxicidade

Cultura de células e protocolo de tratamento com as solugfes

Foram utilizadas culturas permanentes de fibroblastos de camundongos da
linhagem L929 cultivadas em placas de cultura de 96 pocos (1.5x10% células/poco)
(Corning Inc., Corning, NY, EUA) contendo DMEM com Soro Fetal Bovino (SFB) 10%
e mantidas na estufa por 24 horas para aderirem nas placas. Em seguida, o meio de
cultura foi removido e as células incubadas com diferentes doses das solucdes
estudadas, diluidas em soro fisioldgico, por um periodo de 6 minutos para Triton, 4%
NaOCI+HEDP e 4% NaOCI. Para 4% NaOCI /17% EDTA, o tempo de aplicacéo foi de
5 minutos para 4% NaOCI, seguido por 1 minuto de 17% EDTA®. Soro fisiologico e
DMEM com SFB 10% foram utilizados como controles. As solu¢des foram removidas,
e as células incubadas com DMEM com SFB 10% durante 4 horas®. Apds esse
periodo foram realizados os ensaios de 3-(4,5-dimetiltiazol-2-il) -2,5-difenil tetrazdlio

brometo (MTT) e vermelho neutro (NR).

Avaliacao da viabilidade/metabolismo celular por ensaio de MTT

Apos realizado o protocolo de tratamento com os irrigantes e controles, foram
adicionados 100ul da solucédo de MTT (Sigma-Aldrich) a 0,5 mg/mL, sendo as células
incubadas por 3 horas em estufa a 37°C contendo 5% de CO2, 95% de umidade. Em
seguida, foram adicionados 100 uL de alcool isopropilico ao extrato para solubilizar os
cristais de formazan. As densidades Opticas foram medidas por espectrofotdmetro
com o filtro de 570 nm de comprimento de onda (ThermoPlate, Nashan Distict,
Shenzhen, China). As leituras de absorbancia foram normalizadas com as leituras das
células expostas ao soro fisiologico e representaram a atividade de succinato

desidrogenase (metabolismo celular).

Avaliacdo da viabilidade celular pelo ensaio NR

Apos o protocolo de tratamento com as solucdes e controles, foram adicionados
100 pl da solucdo de VN a 0,05 mg/mL (Sigma-Aldrich), sendo as células incubadas
por 3 horas a 37°C, numa atmosfera contendo 5% de CO2 e 95% de humidade relativa.
Em seguida, a solucdo foi descartada e se adicionaram 100uL de solucéo de acido
acético a 1% em etanol a 50% em cada poco. As densidades Opticas das solucdes

foram medidas por espectrofotometro com filtros de 570nm de comprimento de onda



37

(ThermoPlate). As leituras de absorbancia foram normalizadas com as leituras das
células expostas ao soro fisiologico e representaram a capacidade de incorporar o
corante pelos lisossomas das células viaveis.

Os ensaios de MTT e NR foram realizados em triplicata e repetidos em trés

tempos independentes.

Analise estatistica

Os dados foram analisados por meio do programa estatistico Graph Pad Prism
9.0.2 (GraphPad Software, La Jolla, CA, EUA), com nivel de significancia de 5%.
Quando os dados apresentaram distribuicdo normal (avaliada pelo teste de Shapiro-
Wilk) e hemocedasticidade das variancias (avaliadas pelo teste de Brown-Forsythe),
utilizou-se testes paramétricos de one way ou two-way ANOVA), seguido do pds-teste
de Tukey (tensao superficial, angulo de contacto e citotoxicidade) Quando a
distribuicdo nao foi normal, empregou-se o teste ndo paramétrico de Kruskal-Wallis,

seguido do post-teste de Dunn (penetrabilidade dentinaria).
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