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Barbosa, M. A. Penetração intratubular dos cimentos endodônticos. [Tese de 
Doutorado]. Curitiba: Universidade Positivo; 2024. 
 

RESUMO 

 

A penetração intratubular dos cimentos endodônticos pode ser influenciada por: 

tamanho e diâmetro dos túbulos dentinários, propriedades físico-químicas dos 

cimentos, e utilização de medicação intracanal. O hidróxido de cálcio [Ca(OH)2] é 

usado como medicação intracanal em Endodontia devido às suas propriedades 

biológicas, entretanto, tem uma limitação relacionada à dificuldade de remoção do 

sistema de canais radiculares. Esta tese aborda a penetração intratubular dos 

cimentos endodônticos e foi estruturada em dois estudos. O primeiro, uma revisão 

sistemática seguida de meta-análise, buscou responder à pergunta: “A pasta de 

Ca(OH)2 interfere na penetração dos cimentos endodônticos nos túbulos 

dentinários?”. A busca foi realizada nas bases de dados: PubMed, Scopus, Web of 

Science, Embase e LILACS. A literatura cinzenta foi pesquisada no OpenGrey, 

Google Scholar e ProQuest. Os estudos in vitro foram selecionados conforme 

critérios de elegibilidade, participantes, intervenção, comparação e desfecho. Um 

modelo de efeitos aleatórios foi utilizado para a meta-análise, para avaliar a 

penetração dos cimentos considerando os terços cervical, médio e apical. Foram 

incluídos seis estudos, e cinco deles forma considerados para a meta-análise. 

Nesta, foi avaliada a penetração de cimentos à base de resina após ativação 

ultrassônica, sem ter havido diferenças significativas entre os grupos do terço 

cervical. O terço médio apresentou diferenças entre os grupos, enquanto o terço 

apical, não. A meta-análise que avaliou a penetração de cimentos à base de resina 

mostrou diferenças estatísticas entre os grupos no terço cervical e médio, mas não 
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no apical. O segundo artigo foi uma revisão de escopo com vistas à pergunta: “Quais 

são os métodos utilizados para avaliar a penetração dos cimentos endodônticos nos 

túbulos dentinários?”. Foram feitas buscas nas bases de dados PubMed, Scopus, 

Web of Science, Embase, LILACS e Cochrane. A literatura cinzenta foi pesquisada 

no OpenGrey, Google Scholar e ProQuest. Os estudos foram selecionados de 

acordo com critérios de elegibilidade, e foram extraídos dados referentes autor, ano 

de publicação, periódico, amostra, cimento, tempo de armazenamento dos dentes 

antes da avaliação, método de pesquisa, corante utilizado, software de análise de 

imagem, método de análise de penetração intratubular e conclusões principais. 

Foram incluídos 110 estudos. Destes, em 48 foram investigadas as marcas 

comerciais de cimentos, e em 42 o tempo de armazenamento pré-análise foi de sete 

dias. Em relação à penetração intratubular, foram encontrados dois métodos de 

microscopia: confocal de varredura a laser (MCVL) (n = 91) e eletrônica de varredura 

(n = 16). As magnificações aplicadas na primeira variaram de 4× a 400×, e na 

segunda, de 10× a 10.000×. Em relação aos corantes, predominou a Rodamina B (n 

= 80). Para a análise das imagens, em 33 estudos foi usado o Image J. Concluiu-se 

que os métodos mais utilizados incluíam o uso de pré-molares, e o armazenamento 

prévio de sete dias. A MCVL em aumento de 10× com corante Rodamina B 

prevaleceu, enquanto o cimento à base de resina epóxi foi o mais testado, sendo 

que o Image J foi o software de eleição para análise das imagens. 

 

Palavras-chave: hidróxido de cálcio, Endodontia, túbulos dentinários, revisão de 

escopo. 
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Barbosa, M. A. Intratubular penetration of endodontic sealers. [Doctoral Thesis]. 
Curitiba: Universidade Positivo; 2024. 

 
ABSTRACT 

Achieving an effective three-dimensional seal of the root canal system is 

essential for the success of endodontic treatment. The intratubular penetration 

of endodontic sealers can be influenced by the size and diameter of the dentinal 

tubules, physicochemical properties of the sealers and the use of intracanal 

medication. Calcium hydroxide [Ca(OH)2] is used as an intracanal medication in 

endodontics due to its biological properties, however, this intracanal medication 

has a limitation related to the difficulty of complete removal of the root canal 

system. This thesis addresses the intratubular penetration of root canal sealers 

and it was structured in two manuscripts. The first was a systematic review and 

meta-analysis to answer the following question: “Does Ca(OH)2 paste interfere 

with the penetration of endodontic sealers into the dentinal tubules?”. The 

electronic search was performed in the following databases: PubMed, Scopus, 

Web of Science, Embase and LILACS. Grey literature was searched through 

OpenGrey, Google Scholar, and ProQuest. In vitro studies were selected 

according to eligibility, participants, intervention, comparison and outcome 

criteria. A random-effects model was used for the meta-analysis, evaluating the 

penetration of sealers considering the cervical, middle and apical thirds. Six 

studies were included and five of them were considered for the meta-analysis. 

The meta-analysis that evaluated the penetration of resin-based sealers after 

ultrasonic activation showed no statistical differences between the cervical third 

groups. The middle third showed statistical differences between the groups and 

the apical third did not. The meta-analysis that evaluated the penetration of 

resin-based sealers showed statistical differences between the groups in the 
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cervical and middle third, but not in the apical third. The second manuscript was 

a scoping review to answer the question: “What methods are used to determine 

the penetration of endodontic sealers into dentinal tubules?”. The following 

databases were searched: PubMed, Scopus, Web of Science, Embase, LILACS 

and Cochrane. Grey literature was searched through OpenGrey, Google 

Scholar, and ProQuest. In vitro studies were selected according to the eligibility 

criteria, participants, interventions, study evaluation, and synthesis methods. A 

total of 110 studies were included. Of these, in 48 commercial sealers were 

investigated, and in 42 the pre-analysis storage time was seven days. 

Regarding the analyzes of the endodontic sealer’s penetration into the dentinal 

tubules, two methods of microscopy were found: the confocal laser scanning 

microscopy (CLSM) and the scanning electron microscopy. The magnifications 

applied in the first varied from 4× to 400×, and in the second, from 10× to 

10,000×. Regarding dyes, Rhodamine B predominated (n = 80). To analyze the 

images, Image J was used in 33 studies. It was concluded that the most used 

methods included the use of premolars and prior storage for seven days. CLSM 

at 10× magnification with Rhodamine B dye prevailed, while epoxy resin-based 

sealer was the most tested, with Image J being the software of choice for image 

analysis. 

 

Key words: calcium hydroxide, Endodontics, dentinal tubules, penetration, 

scoping review.  
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ABSTRACT 

Background 

This systematic review addresses the clinical question: Does calcium hydroxide 

(CaOH2) paste interfere with endodontic sealer penetration in dentinal tubules? 

Methods 

An extensive search was conducted in PubMed, Scopus, Web of Science, 

Embase, and LILACS electronic databases until June 2022. The grey literature 

was searched through OpenGrey, Google Scholar, and ProQuest. In vitro 

studies were selected according to eligibility criteria, participants, interventions, 

study appraisal, and synthesis methods. Two investigators extracted the data 

extraction and assessed the risk of bias independently. A random-effects model 

was used for the meta-analysis, evaluating sealer penetration considering root 

canal cervical, medium, and apical thirds. 

Results 

Six studies were included, and five were considered for the meta-analysis. One 

study was classified as a high risk of bias, and the others as a medium risk of 

bias. The meta-analysis that evaluated resin-based sealer penetration after 

passive ultrasonic activation showed no statistical differences (P >.05) between 

the groups in the cervical third (OR: -291.12; 95%CI: -853.26 - 271.03; P >.05). 
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The middle third presented statistical differences between the groups (OR: -

240.24; 95%CI: -352.05 - -128.42; P <.05) and the apical third did not (OR: -

121.00; 95%CI: -462.60 - 220.60; P >.05). The meta-analysis that evaluated 

resin-based sealer penetration showed statistical differences between the 

groups in the cervical third (OR: -249.55; 95%CI: -315.00 - -184.11; P <.05) and 

the middle third (OR: -195.71; 95%CI: -369.53 - -21.88; P <.05), but not in the 

apical third (OR: -125.07; 95%CI: -300.58 - 50.45; P >.05). 

Conclusion 

CaOH2 paste interfered negatively with the penetration of resin-based sealers in 

dentinal tubules in the middle third of the root canal. 

 

KEYWORDS 

Calcium hydroxide, Dentinal tubules, Penetration, Root canal filling materials, 

Endodontic sealer 

 

Abbreviations: CG, control group; CaOH2, calcium hydroxide; CLSM, 

confocal laser scanning microscopy; CNI, conventional needle irrigation; EA, 

EndoActivator; EV, EndoVac; n.r., not reported; OR, odds ratio; PIPS, 

photon-induced photoacoustic streaming; PUI, passive ultrasonic irrigation; 

SD, standard deviation; SEM, scanning electron microscopy; 95%CI, 95% 

confidence interval 

 

Funding: This research did not receive any specific grant from funding 

agencies in the public, commercial, or not-for-profit sectors. 

 

Highlights 
 

• Calcium hydroxide interfered with the penetration of sealers in the middle 

third of the root canal 

• The sealer type may influence its ability to penetrate into the dentinal 

tubules 

• An abundant cleaning approach is advised to remove the medication 

before obturation 
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INTRODUCTION 

Eliminating bacteria from the infected root canal system and preventing 

reinfection are among the primary objectives of endodontic therapy1. It is 

impossible to disinfect the root canal system thoroughly after endodontic 

treatment and correctly clean, shape, and seal the root canal and access cavity, 

and intracanal medication use is recommended2. 

 Calcium hydroxide (CaOH2) has been extensively used in many 

endodontic clinical situations, mainly as an intracanal medication for disinfecting 

root canals and enhancing periapical lesion healing3. It has a high pH, 

antibacterial properties, necrotic tissue dissolution capability, tooth resorption 

inhibition, induction of hard tissue deposition, and biocompatibility4,5. Although 

CaOH2 is the most recommended intracanal medication6,7, its removal is crucial 

for sealing obturated canals because its remnants can harm sealer penetration 

in dentinal tubules1,8-10. 

 It is concerning that CaOH2 retention to the root canal wall during 

obturation might affect sealing quality and root canal treatment outcome. 

Several studies have recently concentrated on intracanal medication removal 

from root canals5,8,11-15. Although some authors focused on CaOH2 paste 

removal with irrigation techniques11-13, others analyzed the influence of its 

remnants in dentinal tubule and endodontic sealer penetration8,14,15. 

 Controversial results have reported the influence of CaOH2 remnants and 

root canal sealer penetration. A study14 concluded that intracanal CaOH2 

dressing did not interfere with the penetration of the epoxy resin-based sealer 

AH Plus (Dentsply Sirona, York, PA, USA) and the calcium silicate-based sealer 

MTA Fillapex (Angelus, Londrina, Brazil) in the apical third of the root canal. 

However, another study found that the calcium silicate-based sealer BioRoot 

(Septodont, Saint-Maur-des-Fossés, France) penetrated more than the epoxy 

resin-based sealer AH 26 (Dentsply Sirona, York, PA, USA) in dentinal tubules 

even in the presence of CaOH2 remnants15. 

Therefore, this systematic review investigated currently available 

evidence on the influence of CaOH2 paste and its remnants on endodontic 

sealer penetration in dentinal tubules. The clinical question was structured 

according to the Population, Intervention, Comparator, and Outcome (PICO) 
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design to answer “Does calcium hydroxide paste interfere with endodontic 

sealer penetration in the dentinal tubules?” 

 

METHODS 

This systematic review was written according to the Preferred Reporting 

Items for Systematic Reviews and Meta-analysis (PRISMA) statement16 and 

was registered in the PROSPERO database with protocol #CRD42022380141. 

 

Search strategy 

A comprehensive electronic search was conducted to identify the 

relevant studies applicable to this review without date or language restrictions. 

The following databases were consulted until June 26, 2022: PubMed, Scopus, 

Web of Science, Embase, and American and Caribbean Health Sciences 

(LILACS). The grey literature was also searched in OpenGrey 

(http://www.opengrey.eu), Google Scholar, and ProQuest databases. Finally, 

the reference lists of eligible studies were manually screened to identify 

additional articles. MeSH terms and synonyms and related and free terms were 

used. The keywords were selected from DeCS (Health Sciences Descriptors) of 

the Virtual Health Library (BVS), the Medical Subject Headings (MeSH) of the 

US National Library of Medicine (NLM), and Embase (EMTREE). These terms 

were combined with Boolean operators “AND” and “OR” to refine the search 

(Supplementary Document 1). As a complement, the references of the selected 

articles were screened to find any related study not identified in the database 

search. 

 

Eligibility criteria 

The inclusion criteria were designed according to the PICO strategy, as 

follows: Population (P): dentinal tubules; Intervention (I): root canal filled with 

CaOH2 paste; Comparator (C): root canal without CaOH2 paste; Outcome (O): 

root canal sealer penetration. 

Duplicate articles, pilot studies, literature reviews, editorial letters, book 

chapters, guidelines, and descriptive studies such as case reports and case 

series were excluded. 
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Study selection 

Two authors (SM and MAB) initially selected the studies by reading titles 

and abstracts according to the described eligibility criteria. Disagreements were 

solved by consensus consulting a third senior reviewer (MCLG). For author 

selection assessments, 10% of publications were randomly selected and had 

their classifications compared. A Kappa statistic of 0.90 was determined based 

on the agreement between the authors. Only articles that met the inclusion 

criteria were selected. If an article appeared in over one database, it was 

considered just once. Subsequently, the full texts of the potentially eligible 

articles were accessed, and the selection process was repeated. 

 

Risk of bias 

Two reviewers (SM and MAB) assessed the risk of bias in the included 

studies independently, using an instrument adapted from a systematic review of 

laboratory studies17. Disagreements between the reviewers regarding the final 

classification were solved by consensus. 

The risk of bias was evaluated according to (a) mention of teeth storage 

place after extraction, (b) tooth randomization, (c) tooth analysis for caries or 

cracks, (d) endodontic treatment performed by the same operator, (e) operator 

blinding during the obturation procedure, (f) protocol used according to the 

manufacturer's instructions, (g) mention of teeth storage place after obturation, 

(h) tooth storage time before testing, (i) mention of instrument type and solution 

used for sample preparation, (j) mention of CaOH2 insertion method and time 

inside the root canal, (k) sample calculation description, and (l) blinding of the 

test machine operator. 

Two reviewers (SM and MAB) scored the studies that adequately fulfilled 

each methodological criterion. If the authors reported the parameter, the article 

scored “Yes” on that specific item, and if they could not find the information, the 

paper received a “No” answer. The risk of bias was classified according to the 

sum of “Yes” scores received: 1 to 5 = high risk of bias; 6 to 10 = medium risk of 

bias; above 10 = low risk of bias17. 
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Data collection 

The relevant data from the included studies were compiled and 

organized according to author/year, sample (tooth size, type), endodontic 

treatment (irrigation solution, auxiliary irrigation), instrumentation 

(file/technique), CaOH2 paste (vehicle, insertion technique, time inside the 

canal, removal technique), canal obturation (method, sealer type - commercial 

name, company, country), tooth storage before the evaluation, assessment (test 

type, machine, wavelength/magnification, image analyses), and outcomes. 

 

Meta-analysis 

A meta-analysis combined comparable results. Calculation and forest 

plot creation were performed in RevMan 5.4 software (The Nordic Cochrane 

Centre, Copenhagen, Denmark). The meta-analysis was pooled according to 

sealer type and CaOH2 removal method. The mean and standard deviation 

(SD) related to sealer penetration in the root canal thirds (cervical, middle, and 

apical), the control group (without CaOH2 paste), and the intervention group 

(with CaOH2 paste) were extracted. The meta-analysis used a random-effects 

model. 

 

RESULTS 

Search strategy and study selection 

A flowchart (Figure 1) presents the search strategy. Initially, 1412 articles 

were retrieved from databases: 287 from PubMed, 316 from Scopus, 327 from 

Web of Science, 345 from Embase, 57 from LILACS, and 80 from the grey 

literature (OpenGrey, ProQuest, and Google Scholar databases). Finally, the 

reference lists of eligible studies were manually screened to identify additional 

articles, but none were found. 

Seven hundred sixty-seven records were excluded because they were 

duplicates. Then, 638 articles were excluded after reading the titles and 

abstracts because they did not meet the inclusion criteria. The full texts of 

seven articles were read, and one was excluded because it did not have a 

control group (without CaOH2). Six articles were included in the analysis. 
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Data extraction 

Tables 2 and 3 present the main characteristics of the included studies.
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Table 1. Characteristics of the studies included in the systematic review. 

Author, 
year 

 
Sample Endodontic treatment Ca(OH)2  Obturation 

Total 
size 

Tooth Irrigation 
solution 

Auxiliary 
solution 

Instrumentation 
technique 

Vehicle Time 
inside the 

canal 

Insertion 
technique 

Removal 
technique 

Technique Sealer Commercial 
name 

Çalt and 
Serper, 
1999 (19) 

42 Human 
permanent 
teeth with 

single canals. 

5% 
NaOCl 

17% 
EDTA 

K-files #60 + 
Gates-Glidden #3 

to #5 

Normal saline 
or TempCanal 

(cellulose/water 
matrix) 

7 days n.r. NaOCl and/or 
EDTA 

Lateral 
condensation  

n.r. CRCS and 
AH26 

Camargo et 
al., 2015 
(20) 

30 Single-rooted 
mandibular 

central 
incisors. 

1% 
NaOCl 

17% 
EDTA 

K-file #10 + 
Protaper system 

up to #F2 + Profile 
35/0.4 and 40/0.4 

n.r. 14 days Lentulo 
spiral 

Saline 
solution + 
hand-file 

and/or EDTA 

Lateral 
condensation  

Methacrylate-
based resin  

Epiphany 

Cruz et al., 
2017 (14) 
 

72 Single-rooted 
mandibular 
premolars. 

2.5% 
NaOCl 

17% 
EDTA 

Profile.04 #40.04 Propylene 
glycol 400 

 

15 days 
 

Lentulo 
spiral 

 

Apical file 
(40.04) + 
NaOCl + 

EDTA 

Lateral 
condensation  

 

n.r. AH Plus and 
MTA Fillapex 

 

Uzunoglu-
Özyürek 
et al., 2018 
(15) 
 

52 Mature 
single-rooted, 

single-
canaled, 

round-shaped 
mandibular 
premolars. 

2.5% 
NaOCl 

17% 
EDTA 

Protaper up to F3 Distilled water 14 days 
 

Lentulo 
spiral 

Protaper F4 + 
#40 H files + 
PUI + EDTA 

+ NaOCl 

Lateral 
condensation  

 

Epoxy resin-
based sealer 
and tricalcium 
silicate-based 

sealer 

AH 26 and 
BioRoot RCS 

 

Kanmaz 
and 
Altunbas, 
2021 (18) 
 

60 Single-rooted 
mandibular 
premolars. 

2.5% 
NaOCl 

17% 
EDTA 

Protaper Next up 
to X4 

MetaPaste: 
Ca(OH)2 + 

barium sulphate 
 

7 days 
 

Injected 
 

NaOCl and 
EDTA with 

CNI or EA or 
EV or PUI or 

PIPS 

Cold lateral 
compaction 

 

n.r. AH Plus 
 

Machado et 
al., 2021 
(8) 
 

16 Palatal root 
canals of 

upper molars. 

5.25% 
NaOCl 

17% 
EDTA 

WaveOne Large 
#40.08 

Propylene 
glycol 

 

15 days 
 

Lentulo 
spiral 

 
 

WaveOne 
Large file + 
NaOCl + 
EDTA + 

Distilled water 

Single-cone  
 

Epoxy resin-
based sealer 

 

AH Plus 
 

Note: n.r. – not reported; CNI – conventional needle irrigation; PUI – passive ultrasonic irrigation; EV – 
EndoVac; EA – EndoActivator; PIPS – photon-induced photoacoustic streaming. 



 
 

23 
 

 Three studies selected mandibular premolars as their study group and 

used 2.5% sodium hypochlorite (NaOCl) as an irrigation solution during 

endodontic treatment14,15,18. The others chose human permanent teeth with 

single canals and 5% NaOCl19, single-rooted mandibular central incisors and 

1% NaOCl20, and palatal root canals of upper molars and 5.25% NaOCl8. Five 

studies8,14,15,18,20 used mechanized instrumentation for endodontic preparation, 

and one performed manual instrumentation19. Regarding the vehicle used with 

CaOH2, one study20 did not provide this information, two used propylene 

glycol8,14, and one used distilled water15. One study18 used MetaPaste (CH + 

barium sulfate), and another used normal saline or TempCanal (cellulose/water 

matrix)19. The CaOH2 paste remained inside the root canal for seven18,19, 

1415,20, and 158,14 days (Table 1). As for CaOH2 the paste insertion method, four 

articles used lentulo spiral8,14,15,20, one injected the paste18, and one did not 

inform the technique19. All studies used NaOCl and EDTA as auxiliary irrigation 

solutions for paste removal8,14,15,18,19,20, four used automated systems8,14,15,18 to 

assist the irrigation solutions on paste removal, one used a hand file with saline 

solution or EDTA20, and another used only NaOCl or EDTA19. Two studies used 

passive ultrasonic irrigation with auxiliary irrigation solutions15,18. Regarding the 

obturation technique, four studies used lateral condensation14,15,19,20, one used 

cold lateral compaction18, and another used the single-cone technique8. The 

studies included in this review used different sealer compositions: CRCS19, 

Epiphany20, AH Plus8,14,18, MTA Fillapex14, AH 2615,19, and BioRoot RCS15 

(Table 2). 

All studies8,14,15,18-20 stored the samples before the evaluations in 100% 

humidity at 37°C - four during seven days8,18-20 and two for 15 days14,15. All 

investigations analyzed their samples with confocal laser scanning microscopy 

(CLSM)8,14,15,18,20 except for one that used scanning electron microscopy 

(SEM)19. As for sealer penetration, one study demonstrated that using CaOH2 

paste as an intracanal medication promoted a complete removal from the root 

canals with EDTA, followed by NaOCl irrigation19. Additionally, root canal 

sealers could penetrate the dentinal tubules effectively19. Another study found 

that CaOH2 dressing did not interfere with sealer penetration in the apical third 

of the canal. However, it decreased tubular penetration in the middle third when 

using the AH Plus sealer14. One article showed that CaOH2 dressing affected 
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sealer penetration depth and sealer-dentin interface percentage in root canals 

filled with Epiphany resin-based sealer20. In corroboration, another study found 

that the CaOH2 paste decreased epoxy resin-based sealer penetration8. One 

investigation found that the calcium silicate-based sealer penetrated 

significantly more than the epoxy resin-based sealer in dentinal tubules, even 

with CaOH2 remnants15 (Table 2). 
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Table 2. Parameters and results. 

Author, year 

Tooth storage before 
evaluation 

Assessment 

Results 
Storage Temperature 

and time 
Test Machine Wavelength and 

magnification 
Image analysis 

Çalt and 
Serper, 1999 
(19) 

100% 
humidity 

37°C 
7 days 

SEM JEOL-SEM 
6400×/1500×/1600×/

2000×/2500× 

n.r. SEM revealed that Ca(OH)2 was not completely removed from the root canal 
surfaces, and root canal sealers did not penetrate the dentinal tubules when 
using only NaOCI. EDTA followed by NaOCI irrigation completely removed 
Ca(OH)2, and root canal sealers penetrated the dentinal tubules. 

Camargo et al., 
2015 (20) 

100% 
humidity 

37°C 
7 days 

CLSM Leica TCS-SPE 
488/530 nm and 

532/580 nm + 5× and 
40× 

LAS-AF 
software 

ANOVA and Tukey’s test showed significantly lower sealer penetration 
depths in the apical third than in the middle and coronal thirds (P<.05). The 
deepest sealer penetration occurred in the coronal and middle thirds of 
Group II. Groups II (93%) and III (86%) had higher adaptation rates than 
Group I (78%) (P<.05). 

Cruz et al., 
2017 (14) 
 

100% 
humidity 

37°C 
15 days 

CLSM 
Olympus 

Fluoview 1000 
540 nm and 590 

nm/10' lens 
FV10-ASW 3.1 
viewer software 

The Ca(OH)2 dressing reduced the mean value of tubular penetration in the 
middle third of teeth obturated with AH Plus (P<.01) but without differences in 
the apical sections for both sealers. 

Uzunoglu-
Özyürek 
et al., 2018 (15) 
 

100% 
humidity 

37°C 
15 days 

CLSM Zeiss LSM 510 
540 nm and 590 

nm/536 nm and 617 
nm 

CLSM image 
browser (Carl 

Zeiss) 

The lowest mean dentinal tubule penetration depth and percentage values 
occurred in the apical third for both sealers. BioRoot RCS showed higher 
penetrability in all thirds than AH 26 (P<.05), even with Ca(OH)2 dressing 
remnants (P<.05). Ca(OH)2 placement caused a statistically lower dentinal 
tubule penetration depth with BioRoot RCS in middle and coronal thirds 
(P<.05), not affecting the percentage (P>.05). 

Kanmaz and 
Altunbas, 2021 
(18) 
 100% 

humidity 
37°C 

15 days 
CLSM Leica 

540 nm and 590 
nm/4× 

ImageJ 
software 

Ca(OH)2 decreased sealer penetration. Coronal and middle thirds had similar 
areas and linear penetrations in both groups, and the apical third had a lower 
penetration. 

Machado et al., 
2021 (8) 
 100% 

humidity 
37°C 

7 days 
CLSM  Zeiss LSM 510 543 nm/4× 

ImageJ 
program + Zeiss 

LSM 

CG and EA showed a higher penetration depth than CNI in the middle 
section. CG exhibited a higher dentinal tubule penetration area than CNI, EV, 
and PUI in the middle section. EA was significantly more effective than PUI in 
the coronal section for sealer penetration percentage. EA and PIPS 
effectively removed Ca(OH)2 from root canals because they presented 
similar penetration to CG in all sections. 

Note: n.r. - not reported; CNI - conventional needle irrigation; PUI - passive ultrasonic irrigation; EV - EndoVac; EA- 

EndoActivator; PIPS - photon-induced photoacoustic streaming; CG -control group. SEM - scanning electron microscopy; 

CLSM - confocal laser scanning microscopy. 
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Quality assessment of the included studies 

Table 3 presents the quality assessment of the included studies. The 

selected studies8,14,15,18,19 reported most selection criteria parameters. None of 

the articles included in this review mentioned operator blinding during the 

obturation procedure. 

 

Table 3. Risk of bias of the included studies (n = 6). 

 Author, year 

Methodological criteria 
Çalt and 
Serper, 
1999 (19) 

Camargo et 
al., 2015 (20) 

Cruz et al., 
2017 (14) 

Uzunoglu-
Özyürek 
et al., 2018 

(15) 

Kanmaz and 
Altunbas, 2021 

(18)  

Machado et 
al., 2021 (8)  

Mention of teeth storage 
place after extraction 

No Yes No No Yes No 

Teeth randomization Yes Yes Yes Yes Yes Yes 

Teeth evaluation for caries 
or cracks 

No Yes No Yes Yes No 

Endodontic treatment 
performed by the same 
operator 

No No No Yes Yes No 

Operator blinding during the 
obturation procedure 

No No No No No No 

Use of protocols according 
to the manufacturer's 
instructions 

No Yes Yes Yes Yes Yes 

Mention of teeth storage 
place after obturation 

Yes Yes Yes Yes Yes Yes 

Teeth storage time before 
testing 

Yes Yes Yes Yes Yes Yes 

Mention of instrument type 
and solution used for sample 
preparation 

Yes Yes Yes Yes Yes Yes 

Mention of Ca(OH)2 insertion 

method and time inside the 
root canal 

No Yes Yes Yes Yes Yes 

Sample calculation No No No No No Yes 

Blinding of the test machine 
operator 

No No No Yes No No 

Total of the criteria scored as 
"Yes" 

4 8 6 9 9 7 

Risk of bias High Medium Medium Medium Medium Medium 

 

One study reported the sample calculation8, and one registered the 

blinding of the test machine operator15. Five studies8,14,15,18,20 presented the 

parameters of teeth randomization, mention of teeth storage place after 

obturation, teeth storage time before testing, mention of instrument type and 

solution used for sample preparation, CaOH2 insertion method, and time inside 

the root canal. 
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Other items appeared in most articles. Thus, one selected study received 

a score of 419 and was classified as a high risk of bias, and the others8,14,15,18,20 

received scores from 6 to 9 and were considered a medium risk of bias. 

 

Meta-analysis 

The meta-analysis compared the data pooled from the included studies 

in the quantitative synthesis. This analysis contained five8,14,15,18,20 of six8,14,15,18-

20 studies selected in the present systematic review. One study was excluded 

because it reported only qualitative data19. 

 The meta-analysis did not include the data from two studies evaluating 

bioceramic sealer penetration because they used different methodologies to 

remove the CaOH2 paste14,15 and were not comparable. Cruz et al.14 analyzed 

root canal sealer penetration without passive ultrasonic activation for CaOH2 

paste removal, and Uzunoglu-Özyürek15 evaluated sealer penetration after 

removing CaOH2 with passive ultrasonic activation. 

 Figure 2 presents the forest plots of the two studies15,18 that evaluated 

resin-based sealer penetration in root canal thirds after using passive ultrasonic 

activation for CaOH2 removal and the control group. The cervical third [odds 

ratio (OR): -291.12; 95% confidence interval (95%CI): -853.26 - 271.03; P >.05] 

and the apical third (OR: -121.00; 95%CI: -462.60 - 220.60; P >.05) did not 

show statistical differences between the groups (P >.05), but the middle third 

did (OR: -240.24; 95%CI: -352.05 - -128.42; P <.05). Heterogeneity among 

studies was high in the cervical third (91%), low in the middle third (0%), and 

not applicable in the apical third. 

 Figure 3 presents the forest plots of resin-based sealer penetration after 

CaOH2 use and the control group in root canal thirds8,14,18,20. The cervical third 

(OR: -249.55; 95%CI: -315.00 - -184.11; P <.05) and the middle third (OR: -

195.71; 95%CI: -369.53 - -21.88; P >.05) showed statistical differences between 

the groups, but the apical third (OR: -125.07; 95%CI: -300.58 - 50.45; P >.05) 

did not. Heterogeneity among studies was low in the cervical third (0%) and 

high in the middle (96%) and apical (93%) thirds. 
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DISCUSSION 

Root canal treatment may achieve long-term success after effectively 

cleaning and shaping the root canals, followed by a three-dimensional 

obturation of the root canal system21-23. Sealer penetration in dentinal tubules 

inhibits the growth of possible remaining bacteria inside root canals. Incomplete 

or defective root canal obturation may cause approximately 60% of endodontic 

failures24,25. 

 Calcium hydroxide (CaOH2) use has expanded, representing the 

intracanal medication most often recommended3. It should ideally be deeply 

and densely placed inside the root canal to exert its biological effects near the 

appropriate tissues26. However, CaOH2 removal is vital before canal obturation 

to obtain a hermetic seal of the permanent root canal filling, as its residues may 

interfere with root canal sealer penetration, affecting the sealing ability19. 

 Different mechanical techniques (e.g., manual files) and irrigation 

solutions (sodium hypochlorite, sodium hypochlorite + EDTA) using 

conventional needle irrigation or activation procedures18 are available to remove 

the CaOH2 medication from root canals27. None of the proposed techniques 

thoroughly removes CaOH2 dressing8,28-30. Irrigant agitation for removing 

CaOH2 medication with an ultrasonic insert has been extensively studied 

recently11,15,31,32. Although authors have reported that ultrasonically-activated 

irrigation significantly improved CaOH2 removal efficacy32, others did not find 

such positive results11. The present study did not show significant differences 

between groups for sealer penetration in the apical section of the root canal, 

regardless of using ultrasound or the conventional irrigation needle. Even so, 

the intervention group had the worst results for sealer penetration in the apical 

third. This might be due to the anatomical characteristics of this area that 

potentially affect sealer penetration. That is the most complex region to clean by 

irrigation, as it may present more of the remaining dressing and debris. The 

apical third is physiologically obliterated and has a smaller diameter and lower 

density of dentinal tubules than the upper third14,18,33. 

Resin-based sealer penetration in the middle third8,14,15,18,20 showed a 

statistically significant difference between the groups. CaOH2 might have had a 

negative influence by decreasing resin-based sealer penetration in the middle 

third, corroborating Cruz et al.14. Sealer penetration in dentinal tubules is related 
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to physicochemical characteristics, such as composition, film thickness, and 

flow24,34. The effect of CaOH2 on the tubular penetration of sealers may concern 

their properties because it depends on the interaction between the sealer and 

residual CaOH2
28,35. Duarte et al.36 affirmed that CaOH2 can affect the film 

thickness and flow properties of AH Plus despite its high flow ability36. That 

would explain the low sealer penetration in the experimental group. 

The analysis of resin-based sealer penetration in the cervical third using 

conventional needle irrigation to remove the CaOH2 paste presented a 

statistical difference between the groups, and CaOH2 interfered with sealer 

penetration14,18,20. However, studies evaluating resin-based sealer penetration 

using passive ultrasonic activation15,18 showed no statistical differences 

between the groups, and the CaOH2 paste did not interfere with sealer 

penetration. These results are due to the influence of passive ultrasonic 

activation to remove CaOH2 remnants in this root canal third. The higher 

number and larger diameters of dentinal tubules37 allowed a better removal of 

debris, smear layer, and CaOH2 paste. 

Six in vitro studies8,14,15,18-20 met the inclusion criteria in the present 

systematic review. Regarding quality assessment, one study received a score 

of 419 and was classified as a high risk of bias, and the others8,14,15,18,20 received 

scores from 6 to 9 and were considered a medium risk of bias. Studies in vitro 

have intrinsic limitations when trying to simulate in vivo conditions, possibly 

explaining why all studies showed a high or medium risk of bias17. Teeth 

randomization was among the quality assessment criteria that most 

studies8,14,15,18,20 executed. Precise randomization equalizes the likelihood of 

samples being in the test or control group, preventing any influence on the 

outcome. 

The findings of the present systematic review should consider some 

limitations. Laboratory studies have intrinsic restrictions when trying to simulate 

in vivo conditions. Therefore, further research is required with well-designed 

methodological criteria and a low risk of bias to confirm whether using CaOH2 

as an intracanal medication interferes with sealer penetration in dentinal 

tubules. Furthermore, dentin permeability38, filling technique39, and 

physicochemical properties38 may affect sealer penetration. The sealer type 

may influence its ability to penetrate dentinal tubules. Additionally, CaOH2 can 
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alter physicochemical properties according to the sealer34,36. Therefore, our 

findings should be carefully interpreted because only the meta-analysis of 

studies evaluating the AH Plus sealer provided comparable data. 

This review benefits clinical practice because the CaOH2 paste is a 

widely used medication in two-visit endodontic treatments, but the outcomes 

were from moderate-quality articles. Studies of high methodological quality are 

needed for an improved assessment of the interference of CaOH2 paste with 

endodontic sealer penetration in dentinal tubules. Additionally, we firmly 

recommend developing more standard procedures for using the CaOH2 paste, 

mainly for in vitro studies. 

 

CONCLUSION 

Calcium hydroxide paste harmed resin-based sealer penetration in 

dentinal tubules in the middle third of root canals. Therefore, a cautious and 

abundant cleaning approach is advised for removing the medication before root 

canal obturation. 
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Fig. 1. Flowchart of the search strategy. 
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Fig. 2. Forest plot of the two studies that evaluated resin-based sealer 

penetration in root canal thirds after using passive ultrasonic activation for 

CaOH2 removal and the control group. 
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Fig. 3. Forest plot of resin-based sealer penetration after CaOH2 use and the 

control group in root canal thirds. 
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Supplementary material 1 

Appendix 1. Electronic databases and search strategy. 

PubMed 
06/26/2022 
(n = 287) 

((((((((((dentin[MeSH Terms]) OR (dentin)) OR ("dentin permeability"[MeSH Terms])) OR ("dentin permeability")) OR (dentins)) OR 
(dentines)) OR (dentine)) OR ("dentin permeabilities")) OR ("dentinal tubule")) OR ("dentinal tubules")) OR (tubular) 

(((("calcium hydroxide"[MeSH Terms]) OR ("calcium hydroxide")) OR (Ca(OH)2)) 

((depth) OR (dressing)) OR (penetration) 

((((((((((dentin[MeSH Terms]) OR (dentin)) OR ("dentin permeability"[MeSH Terms])) OR ("dentin permeability")) OR (dentins)) OR 
(dentines)) OR (dentine)) OR ("dentinal tubule")) OR ("dentinal tubules")) OR (tubular)) AND ((((("calcium hydroxide"[MeSH Terms]) 
OR ("calcium hydroxide")) OR (Ca(OH)2))) AND (((depth) OR (dressing)) OR (penetration)) 

Scopus 
06/26/2022 
(n = 316) 

#1( TITLE-ABS-KEY ( dentin* )  OR  TITLE-ABS-KEY ( "dentin permeability*" )  OR  TITLE-ABS-KEY ( "dentinal tubules" )  OR  
TITLE-ABS-KEY ( tubular ) ) 

#2 TITLE-ABS-KEY ( "calcium hydroxide" ) 

#3 ( TITLE-ABS-KEY ( depth )  OR  TITLE-ABS-KEY ( dressing )  OR  TITLE-ABS-KEY ( penetration ) ) 

#1#2#3 ( ( TITLE-ABS-KEY ( dentin* )  OR  TITLE-ABS-KEY ( "dentin permeability*" )  OR  TITLE-ABS-KEY ( "dentinal tubules" )  
OR  TITLE-ABS-KEY ( tubular ) ) )  AND  ( TITLE-ABS-KEY ( "calcium hydroxide" ) )  AND  ( ( TITLE-ABS-KEY ( depth )  OR  
TITLE-ABS-KEY ( dressing )  OR  TITLE-ABS-KEY ( penetration ) ) ) 

Web of 
Science 
06/26/2022 
(n = 327) 

#1 (((TS=(dentin*)) OR TS=("dentin permeabilit*")) OR TS=("dentinal tubules")) OR TS=(tubular) 

#2 (TS=("calcium hydroxide")) OR TS=(Ca(OH)2) 

#3 ((TS=(depth)) OR TS=(dressing)) OR TS=(penetration)  

#1 AND #2 AND #3 

BBO/Lilacs 
06/26/2022 
(n = 57) 

(dentin) OR (dentina) OR ("dentinal tubules") OR (tubular) OR ("túbulos dentinários") OR ("dentin permeability") OR 
("permeabilidade dentinária") 

("calcium hydroxide") OR ("hidróxido de cálcio") OR (Ca(OH)2) OR (“pasta de hidróxido de cálcio”) 

(depth) OR (dressing) OR (penetration) OR (profundidade) OR ("curativo de demora") OR (penetração) 

((dentin) OR (dentina) OR ("dentinal tubules") OR (tubular) OR ("túbulos dentinários") OR ("dentin permeability") OR 
("permeabilidade dentinária")) AND (("calcium hydroxide") OR ("hidróxido de cálcio") OR (Ca(OH)2) OR (“pasta de hidróxido de 
cálcio”)) AND ((depth) OR (dressing) OR (penetration) OR (profundidade) OR ("curativo de demora") OR (penetração)) 

Embase 
06/26/2022 
(n = 345) 

#1 'root canal filling material'/exp OR 'root canal filling material':ti,ab,kw OR 'depth'/exp OR depth:ti,ab,kw OR 'penetration'/exp 
OR penetration:ti,ab,kw OR 'penetration depth'/exp OR 'penetration depth':ti,ab,kw OR 'dressing'/exp OR dressing:ti,ab,kw 

#2 'calcium hydroxide'/exp OR 'calcium hydroxide':ti,ab,kw 

#3 'dentin'/exp OR dentin:ti,ab,kw OR 'dentin permeability'/exp OR 'dentin permeability':ti,ab,kw OR 'dentinal tubule'/exp OR 
'dentinal tubule':ti,ab,kw 

#1 AND #2 AND #3 
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Background: This scoping review addressed the clinical question: Which 

methods are used to determine the penetration of the endodontic sealers into 

the dentinal tubules? Methods: A search was conducted in PubMed, Scopus, 

Web of Science, Embase, LILACS and Cochrane electronic databases until 

February 2024. The grey literature was searched through OpenGrey, Google 

Scholar, and ProQuest. The studies were selected according to eligibility 

criteria, participants, interventions, study appraisal, and synthesis methods. 

Data collection was performed by two independent and blinded reviewers. 

Results: A total of 110 studies were included. Premolars were the group of 

teeth most used as a sample (n = 49), and 48 commercial sealers were 

investigated. The storage time prior to the evaluation was performed in 15 

different periods, while seven days was the most practiced time (n = 42). Two 

methods of microscopy were used for image analysis, the confocal laser 

scanning microscopy (CLSM) (n = 91) and the scanning electron microscopy 

(SEM) (n = 16). The magnifications applied in CLSM ranged from 4× to 400×, 

and the applied in SEM ranged from 10× to 10.000×. Regarding the dyes, six 

types were used. The image analysis was performed in the most by the Image J 

(n = 33).  

Conclusion: The most commonly methods included the use of premolars, and 

prior storage of seven days. CLSM in a 10× magnification, with Rhodamine B 

dye prevailed, while the epoxy resin-based was the most tested sealer, and the 

Image J was the software frequently used for image analysis.  

Keywords: dentinal tubules; penetration; root canal filling materials; endodontic 

sealer; scoping review.  

 

Introduction 

One of the main goals of a successful endodontic treatment is to achieve a 

tridimensional obturation of the entire root canal system. The filling material 

used in endodontics should ensure proper sealing of both the main root canal 

and its accessory ramifications (Al-Ghamdi and Wennberg,1994). This is crucial 

to entomb any remaining microorganisms and prevent the possibility of re-

infection of the root canals (Estivalet et al., 2022). 

Several sealers have been launched in the market. They are classified 

according to the main component, such as epoxy resin, zinc oxide-eugenol, 
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calcium hydroxide, resin-based, glass ionomer-based, silicone and bioceramic 

with diversified setting formations (Estivalet et al., 2022; Özdemir and Kopac, 

2022). The epoxy resin-based has been considered the golden standard sealer 

and used as a reference material when other sealers are tested (Viapiana et al., 

2016; Pirani and Camilleri, 2023). 

Understanding the characteristics and qualities of an endodontic sealer is 

crucial in selecting the best one for each clinical case (Komabayashi et al., 

2020). To achieve a high success rate in root canal treatment, an ideal 

endodontic sealer should have excellent sealing capacity, good biocompatibility 

with surrounding tissue, superior antibacterial properties, and the ability to 

promote tissue regeneration (Song et al., 2021). 

The physicochemical properties of sealers, such as working and setting 

times, flowability, viscosity, film thickness, particle size and composition are 

important characteristics to achieve an effective sealing of the root canals, since 

they may affect the intratubular penetration depth (Mokashi et al., 2021; Okşan 

et al.,1993). Furthermore, the number and diameter of dentinal tubules and the 

presence of smear layer may also influence the sealer penetration (De Deus et 

al., 2004; Kuçi et al., 2014; Ørstavik, 2005). 

There are different methods to evaluate the interaction between the 

dentine substrate and sealers (Toledano et al., 2013). Scanning electron 

microscopy (SEM) (Botelho et al., 2022; Jordani et al., 2024; Priyadarshini et 

al., 2016) and confocal laser scanning microscopy (CLSM) have been 

commonly used to analyze the intratubular penetration of the sealers (Alegre et 

al., 2022; Ferreira et al., 2023; Mokashi et al., 2021). Both techniques promote 

high-quality images of the analyzed structures (Alegre et al., 2022; Botelho et 

al., 2022; Ferreira et al., 2023; Jordani et al., 2024; Mokashi et al., 2021). 

Therefore, the best suitable method to evaluate the intratubular penetration of 

root canal sealers continues a topic of debate among researchers (Botelho et 

al., 2022; Jordani et al., 2024; Mokashi et al., 2021; Tedesco et al., 2018).  

In this context, this scoping review aimed to synthesize and map 

methods from studies that analyzed the endodontic sealers penetration into the 

dentinal tubules for better use of this method in future studies. Thus, the 

following exploratory research question was performed based on population-

concept-context (PCC) framework for scoping reviews: Which methods (C) are 
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used to determine the penetration of the endodontic sealers (P) into the dentinal 

tubules (C)?  

 

Method 

Protocol registration 

This study followed the recommendations of the Preferred Reporting Items for 

Systematic Review and Meta-analysis extension for Scoping Reviews 

(PRISMA-ScR) (Page et al., 2021; Tricco et al., 2018). This scoping review 

protocol was registered on 23 January 2024, and it is available on the Open 

Science Framework through the following link:  

https://osf.io/ar2w6/?view_only=8588ebb4ab144c788668bce859487fd6 

 

Inclusion and exclusion criteria 

The inclusion and exclusion criteria were established by consensus among the 

reviewers after a discussion considering the research question and possible 

methodological limitations. It was included studies that evaluated by any type of 

microscopies, the endodontic sealers penetration into the dentinal tubules 

(commercially available or experimental). There was no language or publication 

date restrictions.  

It was excluded studies that evaluated the intratubular penetration of 

other endodontic materials, did not mention the commercial name or country of 

origin of the sealer, or did not describe the method to analyze the intratubular 

penetration of sealers. Pilot studies, literature reviews, editorial letters, book 

chapters, guidelines, case reports and case series were also excluded. 

 

Search strategy  

An electronic search strategy was performed by two authors (MAB and SM) 

using the Medical Subject Headings terms (MeSH), Emtree terms, and Health 

Science Descriptors (Descritores em Ciências da Saúde - DeCS) related to the 

research question (Appendix 1). The search was performed on February 7, 

2024 in the following electronic databases: Cochrane Library, Embase, 

American and Caribbean Health Sciences (LILACS), PubMed/MEDLINE, 

Scopus, and the Web of Science. The grey literature was also searched in 

OpenGrey (http://www.opengrey.eu), Google Scholar, and ProQuest databases. 

https://osf.io/ar2w6/?view_only=8588ebb4ab144c788668bce859487fd6
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The Google Scholar had a pre-designated limit to 100 results, due to the large 

quantity of results (Rethlefsen et al., 2021). This website sorts the results by 

relevance, putting in the first place the documents where the terms used in the 

strategy appear most often (in title and abstract), so they are the ones most 

likely to be relevant to the review.  

 

Selection process 

After a systematic search in the databases, the studies retrieved were imported 

into Mendeley software (Elsevier, Amsterdam, The Netherlands). The 

duplicates were removed electronically. Then, two independent reviewers (MAB 

and SRSM) selected the studies by reading the titles and abstracts that met the 

eligibility criteria. Disagreements were solved by consensus consulting a third 

senior reviewer (MCLG). Afterwards, two independent reviewers (MAB and 

SRSM) had read and analyzed the full text of the selected studies. Additionally, 

the reference list of all identified papers was searched for additional sources. 

 

Data collection process 

Data collection was performed by two independent and blinded reviewers (MAB 

and SRSM) in a Word table (Microsoft Corporation, Redmond, WA, USA) with 

data regarding the author’s name, year of publication, published journal, sample 

(tooth/number), root canal sealer(s) tested (commercial name/country of origin), 

the storage time prior to the evaluation, research method, dye used, image 

analysis software, intratubular penetration analysis method, and key findings 

related to the review question. After the initial data collection, a third reviewer 

(MCLG) double-checked all the retrieved data to avoid tabulation errors. This 

model was made in accordance with the recommendations for scoping reviews 

by the Joanna Briggs Institute (Peters et al., 2015) and was adjusted and 

previously tested by all the reviewers involved in this study with at least two 

included articles. No quality assessment of the included evidence was carried 

out, as the aim of this review was to synthesize and map the methodologies 

from studies that analyzed the endodontic sealers penetration into the dentinal 

tubules. 

 

Results 
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The systematic search (last conducted on February 7, 2024) retrieved 974 

potentially relevant studies. Figure 1 is a schematic flowchart that synthesizes 

the articles selection process according to the PRISMA 2020 Statement (Page 

et al., 2021). After removing duplicate records, 633 studies were screened by 

title and abstract using Mendeley software (Elsevier, Amsterdam, The 

Netherlands). A total of 511 studies did not meet the inclusion criteria and were 

excluded. Finally, 122 studies were selected for full-text analysis. Of the 122 

studies, 12 were excluded due to the following reasons: three evaluated the 

sealers penetration, but did not mention the commercial name and country of 

origin; five did not describe the method used to analyze the intratubular 

penetration; two were pilot studies, and two did not evaluate the penetration of 

the endodontic sealers. In total, 110 studies met the inclusion criteria and were 

included in this scoping review. The summary of data extracted from the studies 

is found in Appendix 2. 

 

Study characteristics 

Of the 110 studies that evaluated the intratubular penetration of endodontic 

sealers, 109 used human teeth. Premolars were the group of teeth most used 

as a sample, in 49 studies (Akcay et al., 2016; Aktemur et al., 2018; Almasri et 

al., 2024; Arikatla et al., 2018; Aydin et al., 2018; Basoglu et al., 2023; Bhalla et 

al., 2023; Bolbolian et al., 2022; Chandra et al., 2012; Cruz et al., 2017; Dasari 

et al., 2021; Demir et al., 2023; Egemen and Belli, 2022; Eid et al., 2021; 

Eskander et al., 2021; Garlapati et al., 2023; Gawdat et al., 2021; Gu et al., 

2017; Gülmez et al., 2023; Gunez et al., 2019; Hassan and Roshdy, 2023; 

Kanmaz and Altunbas, 2022; Kaplan and Erdemir, 2023; Kara and Tuncer, 

2012; Karobari et al., 2023; Kesim et al., 2018; Keskin and Ciloglu, 2021; 

Khader, 2016; Kim et al., 2019; Kok et al., 2012; Kuci et al., 2014; Martins et al., 

2022; Osiri et al., 2018; Ozasir et al., 2021; Ozdemir et al., 2021; Ozlek et al., 

2020; Patel et al., 2007; Ragab and Sharaan, 2022; Shekhar et al., 2023; 

Shenoy et al., 2014; Shieh et al., 2023; Song and Yang, 2022; Sonu et al., 

2016; Sreedev et al., 2020; Tedesco et al., 2019; Thomas et al., 2022; 

Uzunoglu-Özyürek et al., 2018; Yesildal et al., 2022; Zan et al., 2023), incisors 

were used in 17 studies (Abusteit, 2021; Aktemur et al., 2020; Amoroso-Silva et 

al., 2014; Ates et al., 2021; D’Costa et al., 2021; De-Deus et al., 2012; De-Deus 
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et al., 2017; Donnermeyer et al., 2021; El Hachem et al., 2018; Ermis et al., 

2020; Generali et al., 2016; Nikhil et al., 2015; Oksan et al., 1993; Schmidt et 

al., 2021; Tedesco et al., 2018; Villa et al., 2020; Wang et al., 2018), molars in 

11 studies (Alcalde et al., 2017; Carneiro et al., 2023; Coronas et al., 2020; De-

Deus et al., 2002; Eymirli et al., 2020; Ferreira et al., 2023; Moon et al., 2010; 

Moon et al., 2012; Pérez-Alfayate et al., 2021; Weis et al., 2004; Ylmaz et al., 

2020) and canines in three studies (Antunes et al., 2020; Bortolini et al., 2010; 

Pedrinha et al., 2021). Sixteen of the included studies did not inform the type of 

tooth (Balguerie et al., 2011; Barbero-Navarro et al., 2023; Bolles et al., 2013; 

Keles et al., 2023; Oliveira et al., 2017; Ordinola-Zapata et al., 2009; Ortiz-

Blanco et al., 2022; Piai et al., 2018; Pirani et al., 2021; Teoh et al., 2022; 

Turkel et al., 2017; Turkyilmaz and Erdemir, 2020; Vassiliadis et al., 1994; 

Wilkonski et al., 2023; Yang et al., 2021; 2023; Zhang et al., 2024). Other 13 

studies used more than one group of teeth (Caceres et al., 2020; Casino Alegre 

et al., 2022; Gharib et al., 2007; Giovarruscio et al., 2020; Jeong et al., 2017; 

Karadag et al., 2004; McMichael et al., 2016; Mokashi et al., 2021; Pantoja et 

al., 2021; Reynolds et al., 2020; Rouhani et al., 2013; Sen et al., 1996; Sevimay 

and Dalat, 2003) and one study used bovine teeth (Furtado et al., 2020). 

 The studies investigated 48 commercial sealers, among seven different 

setting formations. The epoxy-resin based sealers were used in 15 different 

commercial compositions in a total of 100 studies: AH Plus, Dentsply DeTrey, 

Germany, was among all sealers and also among the resin-based sealers, the 

most evaluated (n = 69) (Akcay et al., 2016; Alcalde et al., 2017; Almasri et al., 

2024; Amoroso-Silva et al., 2014; Antunes et al., 2020; Arikatla et al., 2018; 

Basoglu et al., 2023; Balguerie et al., 2011; Barbero-Navarro et al., 2023; Bhalla 

et al., 2023; Bolbolian et al., 2022; Bortolini et al., 2010; Caceres et al., 2020; 

Carneiro et al., 2023; Chandra et al., 2012; Cruz et al., 2017; D’Costa et al., 

2021; De-Deus et al., 2002; De-Deus et al., 2012; De-Deus et al., 2017; Demir 

et al., 2023; Donnermeyer et al., 2021; Egemen and Belli, 2022; El Hachem et 

al., 2018; Eskander et al., 2021; Eymirli et al., 2020; Ferreira et al., 2023; 

Furtado et al., 2020; Garlapati et al., 2023; Giovarruscio et al., 2020; Gu et al., 

2017; Gülmez et al., 2023; Gunez et al., 2019; Kanmaz and Altunbas, 2022; 

Kaplan and Erdemir, 2023; Karobari et al., 2023; Kesim et al., 2018; Khader, 

2016; Kim et al., 2019; Kok et al., 2012; Mokashi et al., 2021; Moon et al., 2010; 
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Moon et al., 2012; Nikhil et al., 2015; Oliveira et al., 2017; Osiri et al., 2018; 

Ozasir et al., 2021; Ozdemir et al., 2021; Pantoja et al., 2021; Pedrinha et al., 

2021; Piai et al., 2018; Ragab and Sharaan, 2022; Rouhani et al., 2013; 

Schmidt et al., 2021; Shieh et al., 2023; Song and Yang, 2022; Sonu et al., 

2016; Sreedev et al., 2020; Tedesco et al., 2018; Tedesco et al., 2019; Thomas 

et al., 2022; Turkel et al., 2017; Turkyilmaz and Erdemir, 2020; Wang et al., 

2018; Wilkonski et al., 2023; Yang et al., 2021; Ylmaz et al., 2020; Zan et al., 

2023; Zhang et al., 2024); AH 26, Dentsply DeTrey, Germany (Aktemur et al., 

2018; Ermis et al., 2020; Kara and Tuncer, 2012; Karadag et al., 2004; Kuci et 

al., 2014; Sevimay and Dalat, 2003; Turkyilmaz and Erdemir, 2020; Uzunoglu-

Özyürek et al., 2018; Weis et al., 2004); TopSeal, Dentsply DeTrey, Germany 

(Generali et al., 2016); ThermaSeal, Dentsply Tulsa, OK (Abusteit, 2021); 

Acroseal, Septodont, India (Balguerie et al., 2011; Shenoy et al., 2014); Syntex, 

Cerkamed, Poland (Bolbolian et al., 2022); SimpliSeal, Discus Dental, CA 

(Bolles et al., 2013); EndoRez, Ultradent Products, USA (Bortolini et al., 2010; 

Chandra et al., 2012; Mokashi et al., 2021; Ozasir et al., 2021); RealSeal, 

SybronEndo, CA (Chandra et al., 2012; Gharib et al., 2007; Patel et al., 2007; 

Turkyilmaz and Erdemir, 2020); Epiphany, Pentron Clinical Technologies, 

Wallingford (D’Costa et al., 2021; Rouhani et al., 2013); QuickSet2, Avalon 

Biomed, FL (McMichael et al., 2016); Adseal, Meta Biomed, South Korea 

(Pedrinha et al., 2021); 2Seal, Roydent Dental Products, USA (Reynolds et al., 

2020); Diaket, Espe Gmbh, Germany (Oksan et al., 1993; Sen et al., 1996); 

Smartpastebio, Smartseal, UK (Jeong et al., 2017) to evaluate the penetration 

into dentinal tubules. The bioceramics based sealers were used in 14 different 

commercial formations. EndoSequence, Brasseler, USA was the most used 

among the bioceramic sealers (n=15) (Ates et al., 2021; Carneiro et al., 2023; 

Casino Alegre et al., 2022; Eid et al., 2021; El Hachem et al., 2018; Eskander et 

al., 2021; Furtado et al., 2020; Giovarruscio et al., 2020; McMichael et al., 2016; 

Ortiz-Blanco et al., 2022; Pérez-Alfayate et al., 2021; Reynolds et al., 2020; 

Shieh et al., 2023; Yang et al., 2021; Yesildal et al., 2022); iRoot, Innovative 

BioCeramix, Canada (Akcay et al., 2016; Karobari et al., 2023; Wang et al., 

2018; Yang et al., 2021); Dia-Root, DiaDent, Korea (Karobari et al., 2023); 

CeraSeal, Meta Biomed, Korea (Karobari et al., 2023; Ortiz-Blanco et al., 2022); 

BioRoot, Septodont, France (Aktemur et al., 2018; Arikatla et al., 2018; Dasari 
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et al., 2021; Donnermeyer et al., 2021; Garlapati et al., 2023; Karobari et al., 

2023; Kim et al., 2019; Shekhar et al., 2023; Thomas et al., 2022; Uzunoglu-

Özyürek et al., 2018); One-fil, Mediclus, Korea (Karobari et al., 2023); 

GuttaFlow, Coltene, Switzerland (Akcay et al., 2016; Ordinola-Zapata et al., 

2009; Ozlek et al., 2020; Pirani et al., 2021; Ragab and Sharaan, 2022; Sonu et 

al., 2016); AH Plus Bioceramic, Dentsply Sirona, USA (Almasri et al., 2024; 

Shieh et al., 2023); Total Fill, FKG Dentaire, Switzerland (Aktemur et al., 2020; 

Aydin et al., 2018; Donnermeyer et al., 2021; Ferreira et al., 2023; Hassan and 

Roshdy, 2023; Kaplan and Erdemir, 2023; Ortiz-Blanco et al., 2022; Osiri et al., 

2018; Schmidt et al., 2021; Turkel et al., 2017); Endoseal, Maruchi, Korea 

(Bolbolian et al., 2022; Kim et al., 2019; Song and Yang, 2022); Sealer Plus, 

MK Life, Brazil (Carneiro et al., 2023; Coronas et al., 2020; Furtado et al., 2020; 

Pedrinha et al., 2021; Piai et al., 2018); Bio C, Angelus, Brazil (Caceres et al., 

2020; Carneiro et al., 2023; Eid et al., 2021; Ferreira et al., 2023; Martins et al., 

2022; Villa et al., 2020); Well Root, Vericom Dental, Korea (Egemen and Belli, 

2022; Gawdat et al., 2021; Gülmez et al., 2023); Sure-Seal, Gyeonggi-do, 

South Korea (Keles et al., 2023). The zinc oxide-eugenol based sealers were 

used in 9 different commercial compositions: Endobtur, Septodont, France 

(Balguerie et al., 2011; Bhalla et al., 2023); Endofill, Dentsply Ind. Co., Brazil 

(De-Deus et al., 2002; Tedesco et al., 2018; Tedesco et al., 2019); Endoflas, 

Sanlor Laboratories, USA (D’Costa et al., 2021); Pulp Canal, Kerr Corporation, 

USA (De-Deus et al., 2002); Tubliseal, Kerr, Italy (Gharib et al., 2007; Khader, 

2016; Patel et al., 2007); Grossman, Roth International LTD Vassiliadis et al., 

1994); Endomethasone, Septodont, France (Sen et al., 1996); N2 Universal, 

Indrag Agsa SA, Switzerland (Oksan et al., 1993); SPAD, France (Oksan et al., 

1993). The mineral trioxide aggregate based sealers were used in four 

commercial formations: Endo CPM, Laboratório Egeo SRL, Argentina (Bortolini 

et al., 2010); MTA Fillapex, Angelus, Brazil (Akcay et al., 2016; Amoroso-Silva 

et al., 2014 Basoglu et al., 2023; Bhalla et al., 2023; Cruz et al., 2017; Egemen 

and Belli, 2022; Gülmez et al., 2023; Keskin and Ciloglu, 2021; Kuci et al., 

2014; McMichael et al., 2016; Mokashi et al., 2021; Nikhil et al., 2015; Ragab 

and Sharaan, 2022; Sonu et al., 2016; Tedesco et al., 2019; Teoh et al., 2022; 

Turkyilmaz and Erdemir, 2020; Zan et al., 2023); NeoMTA Plus, Avalon 

Biomed, FL (Aktemur et al., 2018; Arikatla et al., 2018; McMichael et al., 2016); 
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Tech BioSealer Endo, Isasan, Rovello Porro, Italy (Ozasir et al., 2021). The 

calcium hydroxide-based sealers were used in four commercial compositions: 

Sealapex, Kerr Corporation, USA (De-Deus et al., 2002; Mokashi et al., 2021; 

Ordinola-Zapata et al., 2009; Thomas et al., 2022; Zan et al., 2023); Apexit 

Plus, Ivoclar Vivadent, India (Khader, 2016); Sealer 26, Dentsply, Brazil 

(Ordinola-Zapata et al., 2009); CRCS, Hygenic, USA (Sen et al., 1996; Sevimay 

and Dalat, 2003). The least used setting formations were the silicone based: 

RoekoSeal, Coltene, Germany (Chandra et al., 2012) and the glass-ionomer 

based: Ketac-Endo, Espe Gmbh, Germany (Balguerie et al., 2011; Sen et al., 

1996) sealers in one commercial composition each. 

 The storage time prior to the evaluation was performed in 15 different 

periods. Three hours was applied by one study (Gharib et al., 2007). One day 

was applied by 9 studies (Bhalla et al., 2023; Gu et al., 2017; Kara and Tuncer, 

2012; Moon et al., 2010; Moon et al., 2012; Oliveira et al., 2017; Pantoja et al., 

2021; Shekhar et al., 2023; Zan et al., 2023). Two days of pre-assessment 

storage were used by six studies (Chandra et al., 2012; Kuci et al., 2014; Nikhil 

et al., 2015; Oksan et al., 1993; Patel et al., 2007; Shenoy et al., 2014). Three 

days were adopted by nine studies (Antunes et al., 2020; Barbero-Navarro et 

al., 2023; Bortolini et al., 2010; Coronas et al., 2020; Karobari et al., 2023; 

Kesim et al., 2018; Rouhani et al., 2013; Sen et al., 1996; Wilkonski et al., 2023) 

and four days by only one study (Bolles et al., 2013). Seven days was the most 

practiced time, applied in 42 studies (Abusteit, 2021; Akcay et al., 2016; 

Aktemur et al., 2018; Aktemur et al., 2020; Alcalde et al., 2017; Amoroso-Silva 

et al., 2014; Arikatla et al., 2018; Basoglu et al., 2023; Bolbolian et al., 2022; 

Carneiro et al., 2023; De-Deus et al., 2012; De-Deus et al., 2017; Demir et al., 

2023; Ermis et al., 2020; Furtado et al., 2020; Garlapati et al., 2023; Generali et 

al., 2016; Gülmez et al., 2023; Gunez et al., 2019; Kanmaz and Altunbas, 2022; 

Kaplan and Erdemir, 2023; Keles et al., 2023; Keskin and Ciloglu, 2021; Kim et 

al., 2019; Mokashi et al., 2021; Osiri et al., 2018; Ozasir et al., 2021; Ozdemir et 

al., 2021; Pedrinha et al., 2021; Piai et al., 2018; Ragab and Sharaan, 2022; 

Sevimay and Dalat, 2003; Shieh et al., 2023; Song and Yang, 2022; Sreedev et 

al., 2020; Tedesco et al., 2018; Tedesco et al., 2019; Turkel et al., 2017; Wang 

et al., 2018; Yang et al., 2021; Yesildal et al., 2022; Zhang et al., 2024). Ten 

days was employed by 2 studies (Almasri et al., 2024; Karadag et al., 2004). 
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The second most applied storage time was 14 days, used by 23 studies (Ates et 

al., 2021; Aydin et al., 2018; Balguerie et al., 2011; Caceres et al., 2020; Casino 

Alegre et al., 2022; De-Deus et al., 2002; Donnermeyer et al., 2021; Eid et al., 

2021; El Hachem et al., 2018; Eymirli et al., 2020; Gawdat et al., 2021; Jeong et 

al., 2017; Kok et al., 2012; McMichael et al., 2016; Ortiz-Blanco et al., 2022; 

Pirani et al., 2021; Reynolds et al., 2020; Sonu et al., 2016; Teoh et al., 2022; 

Thomas et al., 2022; Turkyilmaz and Erdemir, 2020; Weis et al., 2004; Ylmaz et 

al., 2020). Fifteen days of storage before intratubular penetration analysis was 

used by 4 studies (Cruz et al., 2017; Khader, 2016; Ozlek et al., 2020; 

Uzunoglu-Özyürek et al., 2018). Twenty-one days was applied in one study 

Egemen and Belli, 2022) and 28 days employed by two studies (Hassan and 

Roshdy, 2023; Teoh et al., 2022). Thirty days (Martins et al., 2022), 42 days 

(Teoh et al., 2022), 56 days (Schmidt et al., 2021) and 90 days (Donnermeyer 

et al., 2021) were applied in only one study each. A total of nine studies did not 

inform the time of storage of samples before evaluation (Dasari et al., 2021; 

D’Costa et al., 2021; Eskander et al., 2021; Ferreira et al., 2023; Giovarruscio et 

al., 2020; Ordinola-Zapata et al., 2009; Pérez-Alfayate et al., 2021; Vassiliadis 

et al., 1994; Villa et al., 2020). 

 Regarding the analyzes of the endodontic sealer’s penetration into the 

dentinal tubules, as presented in Figure 2, two methods of microscopy were 

found. The CLSM was used in 91 studies (Abusteit, 2021; Akcay et al., 2016; 

Aktemur et al., 2018; Aktemur et al., 2020; Alcalde et al., 2017; Almasri et al., 

2024; Amoroso-Silva et al., 2014; Antunes et al., 2020; Arikatla et al., 2018; 

Ates et al., 2021; Aydin et al., 2018; Basoglu et al., 2023; Barbero-Navarro et 

al., 2023; Bhalla et al., 2023; Bolles et al., 2013; Carneiro et al., 2023; Casino 

Alegre et al., 2022; Chandra et al., 2012; Coronas et al., 2020; Cruz et al., 

2017; Dasari et al., 2021; D’Costa et al., 2021; De-Deus et al., 2012; De-Deus 

et al., 2017; Demir et al., 2023; Egemen and Belli, 2022; Eid et al., 2021; El 

Hachem et al., 2018; Ermis et al., 2020; Eskander et al., 2021; Eymirli et al., 

2020; Ferreira et al., 2023; Furtado et al., 2020; Garlapati et al., 2023; Gawdat 

et al., 2021; Generali et al., 2016; Gharib et al., 2007; Giovarruscio et al., 2020; 

Gu et al., 2017; Gülmez et al., 2023; Gunez et al., 2019; Hassan and Roshdy, 

2023; Jeong et al., 2017; Kanmaz and Altunbas, 2022; Kaplan and Erdemir, 

2023; Kara and Tuncer, 2012; Karobari et al., 2023; Keles et al., 2023; Kesim et 
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al., 2018; Keskin and Ciloglu, 2021; Kim et al., 2019; Kok et al., 2012; Kuci et 

al., 2014; Martins et al., 2022; McMichael et al., 2016; Mokashi et al., 2021; 

Moon et al., 2010; Moon et al., 2012; Nikhil et al., 2015; Ordinola-Zapata et al., 

2009; Ortiz-Blanco et al., 2022; Osiri et al., 2018; Ozasir et al., 2021; Ozdemir 

et al., 2021; Ozlek et al., 2020; Pantoja et al., 2021; Patel et al., 2007; Pedrinha 

et al., 2021; Pérez-Alfayate et al., 2021; Piai et al., 2018; Pirani et al., 2021; 

Ragab and Sharaan, 2022; Reynolds et al., 2020; Shekhar et al., 2023; Shenoy 

et al., 2014; Shieh et al., 2023; Song and Yang, 2022; Sreedev et al., 2020; 

Tedesco et al., 2019; Teoh et al., 2022; Thomas et al., 2022; Turkel et al., 2017; 

Uzunoglu-Özyürek et al., 2018; Villa et al., 2020; Wang et al., 2018; Wilkonski 

et al., 2023; Yang et al., 2021; Yesildal et al., 2022; Ylmaz et al., 2020; Zan et 

al., 2023; Zhang et al., 2024). Another 16 studies used the SEM for the 

evaluation (Balguerie et al., 2011; Bolbolian et al., 2022; Bortolini et al., 2010; 

Caceres et al., 2020; De-Deus et al., 2002; Karadag et al., 2004; Khader, 2016; 

Oksan et al., 1993; Rouhani et al., 2013; Schmidt et al., 2021; Sen et al., 1996; 

Sevimay and Dalat, 2003; Sonu et al., 2016; Turkyilmaz and Erdemir, 2020; 

Vassiliadis et al., 1994; Weis et al., 2004). The combination of the two methods 

were used in three studies (Donnermeyer et al., 2021; Oliveira et al., 2017; 

Tedesco et al., 2018). 

 The magnifications applied in CLSM ranged from 4× to 400×, 

represented in Figure 3. Three studies (Aydin et al., 2018; Kanmaz and 

Altunbas, 2022; Turkel et al., 2017) used the 4× magnification and 12 studies 

used 5× (Ates et al., 2021; Bolles et al., 2013; Casino Alegre et al., 2022; Demir 

et al., 2023; El Hachem et al., 2018; Eskander et al., 2021; Keskin and Ciloglu, 

2021; McMichael et al., 2016; Reynolds et al., 2020; Song and Yang, 2022; 

Wang et al., 2018; Yesildal et al., 2022). Forty-one studies used the 10× 

magnification (Abusteit, 2021; Akcay et al., 2016; Aktemur et al., 2020; Alcalde 

et al., 2017; Almasri et al., 2024; Amoroso-Silva et al., 2014; Basoglu et al., 

2023; Coronas et al., 2020; Dasari et al., 2021; D’Costa et al., 2021; Egemen 

and Belli, 2022; Eid et al., 2021; Furtado et al., 2020; Gawdat et al., 2021; 

Generali et al., 2016; Giovarruscio et al., 2020; Gülmez et al., 2023; Gunez et 

al., 2019; Hassan and Roshdy, 2023; Kaplan and Erdemir, 2023; Karobari et al., 

2023; Kesim et al., 2018; Kim et al., 2019; Kok et al., 2012; Nikhil et al., 2015; 

Ortiz-Blanco et al., 2022; Osiri et al., 2018; Ozasir et al., 2021; Ozdemir et al., 



 
 

51 
 

2021; Pérez-Alfayate et al., 2021; Piai et al., 2018; Pirani et al., 2021; Ragab 

and Sharaan, 2022; Shekhar et al., 2023; Shenoy et al., 2014; Shieh et al., 

2023; Teoh et al., 2022; Thomas et al., 2022; Ylmaz et al., 2020; Zan et al., 

2023; Zhang et al., 2024) and three studies used 20× (Mokashi et al., 2021; 

Oliveira et al., 2017; Patel et al., 2007). Four studies combined 10× with 20× 

magnification (Ferreira et al., 2023; Garlapati et al., 2023; Jeong et al., 2017; 

Wilkonski et al., 2023). Only one study applied the 40× magnification (Sreedev 

et al., 2020) and three studies used 50× (Antunes et al., 2020; Moon et al., 

2010; Moon et al., 2012). Two studies used 100× along with 400× (Tedesco et 

al., 2018; Tedesco et al., 2019). 100× (Pedrinha et al., 2021); 50× and 70× (Gu 

et al., 2017); 10× and 40× (Gharib et al., 2007); 10× and 63× (Kuci et al., 2014); 

5×, 40× and 63× (Ordinola-Zapata et al., 2009) 99 were used in one study each. 

A total of 19 studies did not report the magnification used (Aktemur et al., 2018; 

Barbero-Navarro et al., 2023; Bhalla et al., 2023; Carneiro et al., 2023; Chandra 

et al., 2012; Cruz et al., 2017; De-Deus et al., 2012; De-Deus et al., 2017; 

Donnermeyer et al., 2021; Ermis et al., 2020; Eymirli et al., 2020; Kara and 

Tuncer, 2012; Keles et al., 2023; Martins et al., 2022; Ozlek et al., 2020; 

Pantoja et al., 2021; Uzunoglu-Özyürek et al., 2018; Villa et al., 2020; Yang et 

al., 2021). The magnifications applied in SEM ranged from 10× to 10000×, 

presented in Figure 4. One study applied 10× (Weis et al., 2004) and another 

one used between 50× and 2500× (Bolbolian et al., 2022). Two studies applied 

100× magnification (Tedesco et al., 2018; Tedesco et al., 2019) and one study 

between 150× and 10.000× (De-Deus et al., 2002). One study used the 350× 

magnification (Schmidt et al., 2021), another applied the magnification between 

500× and 1500× (Balguerie et al., 2011), and one study used 500× and 2500× 

(Turkyilmaz and Erdemir, 2020). One study used 600× magnification (Caceres 

et al., 2020) and another applied 1000× (Bortolini et al., 2010). Other study 

used three different magnifications: 1000×, 1500× and 2000× (Sevimay and 

Dalat, 2003). One study applied 1600× (Oksan et al., 1993) and another study 

used 2500× (Karadag et al., 2004). Six studies did not inform the magnification 

used (Khader, 2016; Oliveira et al., 2017; Rouhani et al., 2013; Sen et al., 1996; 

Sonu et al., 2016; Vassiliadis et al., 1994). 

Regarding the dyes, a total of six different types were used. Rhodamine 

B was used in 80 studies (Abusteit, 2021; Akcay et al., 2016; Aktemur et al., 
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2018; Aktemur et al., 2020; Alcalde et al., 2017; Almasri et al., 2024; Amoroso-

Silva et al., 2014; Arikatla et al., 2018; Ates et al., 2021; Aydin et al., 2018; 

Basoglu et al., 2023; Barbero-Navarro et al., 2023; Bhalla et al., 2023; Bolles et 

al., 2013; Casino Alegre et al., 2022; Chandra et al., 2012; Cruz et al., 2017; 

Dasari et al., 2021; De-Deus et al., 2012; De-Deus et al., 2017; Demir et al., 

2023; Donnermeyer et al., 2021; Eid et al., 2021; El Hachem et al., 2018; Ermis 

et al., 2020; Eskander et al., 2021; Eymirli et al., 2020; Garlapati et al., 2023; 

Gawdat et al., 2021; Generali et al., 2016; Gharib et al., 2007; Giovarruscio et 

al., 2020; Gu et al., 2017; Gülmez et al., 2023; Gunez et al., 2019; Kanmaz and 

Altunbas, 2022; Kaplan and Erdemir, 2023; Kara and Tuncer, 2012; Karobari et 

al., 2023; Keles et al., 2023; Kesim et al., 2018; Keskin and Ciloglu, 2021; Kim 

et al., 2019; Kok et al., 2012; Kuci et al., 2014; McMichael et al., 2016; Mokashi 

et al., 2021; Moon et al., 2010; Moon et al., 2012; Nikhil et al., 2015; Oliveira et 

al., 2017; Ordinola-Zapata et al., 2009; Ortiz-Blanco et al., 2022; Osiri et al., 

2018; Ozasir et al., 2021; Ozdemir et al., 2021; Ozlek et al., 2020; Pantoja et 

al., 2021; Patel et al., 2007; Pedrinha et al., 2021; Pérez-Alfayate et al., 2021; 

Piai et al., 2018; Pirani et al., 2021; Ragab and Sharaan, 2022; Reynolds et al., 

2020; Shekhar et al., 2023; Shenoy et al., 2014; Shieh et al., 2023; Song and 

Yang, 2022; Sreedev et al., 2020; Tedesco et al., 2018; Tedesco et al., 2019; 

Thomas et al., 2022; Turkel et al., 2017; Uzunoglu-Özyürek et al., 2018; Wang 

et al., 2018; Yang et al., 2021; Yesildal et al., 2022; Ylmaz et al., 2020) and nine 

used Fluo-3 from varied commercial brands (Carneiro et al., 2023; Coronas et 

al., 2020; Ferreira et al., 2023; Hassan and Roshdy, 2023; Jeong et al., 2017; 

Martins et al., 2022; Teoh et al., 2022; Villa et al., 2020). Sudan Black B (Poly 

Scientific R&D, Bay Shore, NY, USA) (Weis et al., 2004), Hydrophilic 

fluorescein (no information of commercial brand) (Wilkonski et al., 2023), 

Acridine orange (no information of commercial brand) (D’Costa et al., 2021), 

and CY5 (Bereket, Chemical Industry, Istanbul, Turkey) (Zhang et al., 2024) 

dyes were adopted by one study, respectively. Rhodamine B and Fluo-3 were 

used in two studies (Egemen and Belli, 2022; Furtado et al., 2020). A total of 17 

papers did not report the use of dyes for the analysis (Antunes et al., 2020; 

Balguerie et al., 2011; Bolbolian et al., 2022; Bortolini et al., 2010; Caceres et 

al., 2020; De-Deus et al., 2002; Karadag et al., 2004; Khader, 2016; Oksan et 

al., 1993; Rouhani et al., 2013; Schmidt et al., 2021; Sen et al., 1996; Sevimay 
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and Dalat, 2003; Sonu et al., 2016; Turkyilmaz and Erdemir, 2020; Vassiliadis 

et al., 1994; Zan et al., 2023). 

 Different softwares were used to analyze the images. Most of the studies 

used the Image J program (National Institutes of Health, Bethesda, USA) (n = 

33) (Akcay et al., 2016; Alcalde et al., 2017; Almasri et al., 2024; Amoroso-Silva 

et al., 2014; Ates et al., 2021; Aydin et al., 2018; Basoglu et al., 2023; Barbero-

Navarro et al., 2023; Bhalla et al., 2023; Caceres et al., 2020; Carneiro et al., 

2023; Dasari et al., 2021; Eid et al., 2021; El Hachem et al., 2018; Eskander et 

al., 2021; Generali et al., 2016; Kanmaz and Altunbas, 2022; Kesim et al., 2018; 

Keskin and Ciloglu, 2021; Martins et al., 2022; Oliveira et al., 2017; Ortiz-Blanco 

et al., 2022; Ozdemir et al., 2021; Pantoja et al., 2021; Piai et al., 2018; Ragab 

and Sharaan, 2022; Reynolds et al., 2020; Teoh et al., 2022; Wang et al., 2018; 

Wilkonski et al., 2023; Yang et al., 2021; Zan et al., 2023; Zhang et al., 2024). 

The Adobe Photoshop (Adobe Systems Inc., San Jose, USA) was used in 10 

studies (Arikatla et al., 2018; D’Costa et al., 2021; Demir et al., 2023; Ermis et 

al., 2020; Gharib et al., 2007; Gülmez et al., 2023; Kaplan and Erdemir, 2023; 

Kara and Tuncer, 2012; Pérez-Alfayate et al., 2021; Shieh et al., 2023) and the 

Leica confocal software (Leica, Microsystem GmbH, Germany) in another 10 

studies (Chandra et al., 2012; Giovarruscio et al., 2020; Jeong et al., 2017; 

Karobari et al., 2023; Ordinola-Zapata et al., 2009; Pedrinha et al., 2021; 

Shekhar et al., 2023; Sreedev et al., 2020; Tedesco et al., 2018; Ylmaz et al., 

2020). A total of 16 studies did not report which program was used (Antunes et 

al., 2020; Bolbolian et al., 2022; De-Deus et al., 2002; Egemen and Belli, 2022; 

Karadag et al., 2004; Khader, 2016; Oksan et al., 1993; Patel et al., 2007; 

Schmidt et al., 2021; Sen et al., 1996; Sevimay and Dalat, 2003; Sonu et al., 

2016; Tedesco et al., 2019; Thomas et al., 2022; Vassiliadis et al., 1994; Weis 

et al., 2004). The other 41 studies used a variety of programs for the same 

purpose.  

 Several methods were used to analyze the sealers penetration into the 

dentinal tubules. The method performed by Gharib et al. (2007) was the most 

widely used (n = 11) (Aktemur et al., 2020; Almasri et al., 2024; Aydin et al., 

2018; Basoglu et al., 2023; Barbero-Navarro et al., 2023; Carneiro et al., 2023; 

Gunez et al., 2019; Kara and Tuncer, 2012; Moon et al., 2010; Moon et al., 

2012; Turkel et al., 2017). In this study, each sample image was imported into 
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the analysis program. Then, the lasso tool was outlined and measured the canal 

circumference. Next, areas along the canal walls, where the sealer evaluated 

had penetrated into the dentinal tubules, were outlined and measured using the 

same method. The outlined distances were divided by the canal circumference 

to calculate the percentage of any canal wall sealer penetration. 

 The epoxy resin-based was the root canal sealer that obtained the most 

favorable results regarding the penetration into dentinal tubules in nine studies 

(Arikatla et al., 2018; Balguerie et al., 2011; Eskander et al., 2021; Karadag et 

al., 2004; Mokashi et al., 2021; Ozasir et al., 2021; Sevimay and Dalat, 2003; 

Tedesco et al., 2019; Thomas et al., 2022). This penetration showed more 

effective results through the use of agitation instruments and irrigation solutions 

in six studies (Alcalde et al., 2017; Antunes et al., 2020; Kaplan and Erdemir, 

2023; Keles et al., 2023; Oliveira et al., 2017; Pérez-Alfayate et al., 2021).  

Additionally, the coronal third presented a better sealer intratubular penetration 

when compared to the more apical thirds in eight studies (Aydin et al., 2018; 

Bolbolian et al., 2022; Casino Alegre et al., 2022; Chandra et al., 2012; Gharib 

et al., 2007; Oliveira et al., 2017; Shekhar et al., 2023; Sonu et al., 2016). 

 

Discussion 

The sealer penetration into the dentinal tubules is desired to obtain a successful 

three-dimensional sealing of the root canal system. A proper seal may prevent 

the infiltration of microorganisms and percolation of fluids, significantly 

influencing the success of the endodontic treatment (Mokashi et al., 2021; 

Estivalet et al., 2022). The sealer composition and physicochemical properties 

may affect the tubular penetration depth. Among the numerous setting 

formations, epoxy resin-based sealers are used as a reference for comparison 

to other compositions (Mokashi et al., 2021; Okşan et al.,1993; Viapiana et al., 

2016; Pirani and Camilleri, 2023).  

A wide variety of sealer composition is used to test the penetration into 

the dentinal tubules. The epoxy resin-based was the most frequently type of 

sealer evaluated in the studies included in this scoping review. Among them, 

AH Plus sealer (Dentsply/DeTrey GmbH) has been considered the gold 

standard in endodontic therapy (Giacomino et al., 2019). Bioceramic sealers 

have also been one of the most evaluated compositions. They have presented 



 
 

55 
 

promising results in recent years, due to their biocompatibility and superior 

physicochemical properties (Caceres et al., 2021; Reynolds et al., 2020).  

Regarding the microscopic methodologies used to assess the sealer 

penetration into the dentinal tubules, CLSM was the most used. This 

methodology is of great interest. It informs the distribution and penetration of 

sealers into the dentinal tubules when associated with fluorophores, as a result 

of their excitation by the laser source. The beams can diffuse through enamel, 

dentin, and biofilms, locate internal structures, and form bi and tridimensional 

images (Arikatla et al., 2018; Furtado et al., 2020; Silva et al., 2015). The other 

studies included in this review used SEM for the same purpose. This method 

provides accurate observation of the sealer flow into the dentinal tubules. The 

measurement of penetration depths is done through the image formed by the 

electron’s beams (De-Deus et al., 2002; Sonu et al., 2016). 

When evaluating the sealers intratubular penetration, the most frequent 

dye applied with the CLSM was Rhodamine B. It is a fluorophore water-soluble 

at room temperature and when diluted, it can produce fluorescence. This dye 

has been often used due to its small particle size that allows an excellent 

penetrability. Nevertheless, the results of dentin penetration may be amplified 

due to false-positive findings when used with hydrophilic sealers, such as 

calcium silicate-based (Jeong et al., 2017).  

As an alternative dye, Fluo-3 has been applied to trace calcium silicate 

penetration into the dentinal tubules using CLSM. When calcium silicate-based 

sealers are used, Fluo-3 binds with the calcium and promotes the fluorescence 

observed in the image (Jeong et al., 2017; Furtado et al., 2020). In the present 

review, all studies that used Fluo-3 dye evaluated bioceramic sealers, which 

corroborates with the literature. 

In the context of the software used to analyze the images obtained by 

microscope, the Image J program was the most applied program in the studies 

of this scoping review. This software has been a pioneer as open tool for the 

analysis of scientific images, advocating a free and simple interface for the user. 

To run Image J, a given system need only the operating system-specific Java 

runtime environment. It’s ability to open a wide diversity of proprietary image 

formats has long been an important feature. The data and the extra metadata 

are usually imported and include useful information, such as pixel size and 
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acquisition rate, both required for proper interpretation of the data (Collins, 

2007). Image J connectivity with other software programs also enable a variety 

of functionality ranging from automated screening and segmentation-based 

measurements to sophisticated signal processing analysis, thus extending the 

utility of Image J (Schneider et al., 2012). 

This study was carried out in an exploratory way to map the most 

commonly used methodologies to evaluate the intratubular penetration of 

endodontic sealers. Our results point to different options of methodology to 

perform this evaluation; however, we strongly recommend the development of 

more standardized methodologies, mainly for in vitro studies. 

This current review focused on methods of in vitro studies. In this sense, 

the researchers can choose the best methodology for the evaluation of 

intratubular penetration of a specific root canal sealer.  

 

Conclusions 

CLSM in a 10× magnification with Rhodamine B dye was the most used method 

to assess the intratubular penetration of endodontic sealers, followed by SEM. 

In the majority of the studies, the premolars were the most commonly used 

group of teeth as a sample, stored before assessment for 7 days. The epoxy 

resin-based was the most tested sealer. Image J was the most frequently 

software used for image analysis.  
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Appendix 1. Electronic databases and search strategy. 

PubMed 
07/02/2024 
(n = 102) 

("root canal filling materials"[MeSH Terms] OR "root canal filling materials"[Title/Abstract] OR "root canal filling"[Title/Abstract] OR 
"root canal sealants"[Title/Abstract] OR "root canal sealant"[Title/Abstract] OR "root canal sealer"[Title/Abstract] OR "endodontic 
sealer"[Title/Abstract] OR "sealer"[Title/Abstract]) 

AND ("dentin permeability"[MeSH Terms] OR "dentin permeability"[Title/Abstract] OR "intratubular penetration"[Title/Abstract] OR 
"dentin penetration"[Title/Abstract] OR "dentin tubules"[Title/Abstract] OR "radicular dentine penetration"[Title/Abstract] OR "tubule 
penetration"[Title/Abstract] OR "depth penetration"[Title/Abstract]) 

AND ("evaluation studies as topic"[MeSH Terms] OR "microscopy, confocal"[MeSH Terms] OR "microscopy confocal"[Title/Abstract] 
OR "evaluation studies as topic"[Title/Abstract] OR "Confocal Microscopy"[Title/Abstract] OR "Laser Scanning 
Microscopy"[Title/Abstract] OR "Confocal Laser Scanning Microscopy"[Title/Abstract] OR "Laser Microscopy"[Title/Abstract] OR 
"scanning electron microscope"[Title/Abstract] OR "Microscopy fluorescence"[Title/Abstract] OR "evaluation report"[Title/Abstract] 
OR "evaluation reports"[Title/Abstract] OR "evaluation research"[Title/Abstract] OR "evaluation methodologies"[Title/Abstract] OR 
"evaluation methodology"[Title/Abstract] OR "scanning electron microscopic"[Title/Abstract]) 

Scopus 
07/02/2024 
(n = 114) 

( ( TITLE-ABS-KEY ( "root canal filling materials" ) OR TITLE-ABS-KEY ( "root canal filling" ) OR TITLE-ABS-KEY ( "root canal 
sealants" ) OR TITLE-ABS-KEY ( "root canal sealant" ) OR TITLE-ABS-KEY ( "root canal sealer" ) OR TITLE-ABS-KEY 
( "endodontic sealer" ) OR TITLE-ABS-KEY ( sealer ) ) ) 

AND ( ( TITLE-ABS-KEY ( "dentin permeability" ) OR TITLE-ABS-KEY ( "intratubular penetration" ) OR TITLE-ABS-KEY ( "dentin 
penetration" ) OR TITLE-ABS-KEY ( "dentin tubules" ) OR TITLE-ABS-KEY ( "radicular dentine penetration" ) OR TITLE-ABS-KEY 
( "tubule penetration" ) OR TITLE-ABS-KEY ( "depth penetration" ) ) ) 

AND ( ( TITLE-ABS-KEY ( "evaluation studies as topic" ) OR TITLE-ABS-KEY ( "Microscopy, Confocal" ) OR TITLE-ABS-KEY 
( "Confocal Microscopy" ) OR TITLE-ABS-KEY ( "Laser Scanning Microscopy" ) OR TITLE-ABS-KEY ( "Confocal Laser Scanning 
Microscopy" ) OR TITLE-ABS-KEY ( "Laser Microscopy" ) OR TITLE-ABS-KEY ( "scanning electron microscope" ) OR TITLE-ABS-
KEY ( "Microscopy fluorescence" ) OR TITLE-ABS-KEY ( "evaluation report" ) OR TITLE-ABS-KEY ( "evaluation reports" ) OR 
TITLE-ABS-KEY ( "evaluation research" ) OR TITLE-ABS-KEY ( "evaluation methodologies" ) OR TITLE-ABS-KEY ( "evaluation 
methodology" ) OR TITLE-ABS-KEY ( "scanning electron microscopic" ) ) ) 
 

BBO/Lilacs 
07/02/2024 
(n = 10) 

("root canal filling materials") OR ("root canal sealants") OR ("root canal sealer") OR ("endodontic sealer") OR (sealer) AND ("dentin 
permeability") OR ("intratubular penetration") OR ("dentin penetration") OR ("dentin tubules") OR ("radicular dentine penetration") 
OR ("tubule penetration") OR ("depth penetration") 

AND ("evaluation studies as topic") OR ("Microscopy, Confocal") OR ("Confocal Microscopy") OR ("microscopy confocal") OR 
("laser scanning microscopy") OR ("confocal laser scanning microscopy") OR ("scanning electron microscope") OR ("microscopy 
fluorescence") OR ("evaluation report" ) OR ("evaluation reports") OR ("evaluation research") OR ("evaluation methodologies") OR 
("evaluation methodology") OR ("scanning electron microscopic") OR ("confocal laser scanning microscopy") 

Web of 
Science 
07/02/2024 

#1 “root canal filling materials” (All Fields) or “root canal filling” (All Fields) or “root canal sealants” (All Fields) or “root canal sealant” 
(All Fields) or “root canal sealer” (All Fields) or “endodontic sealer” (All Fields) or sealer (All Fields) 
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(n = 86) 

 #2 “dentin permeability” (All Fields) or “intratubular penetration” (All Fields) or “dentin penetration” (All Fields) or “dentin 
tubules” (All Fields) or “radicular dentine penetration” (All Fields) or “tubule penetration” (All Fields) or “depth 
penetration” (All Fields) 

 #3 “evaluation studies as topic” (All Fields) or “ Microscopy, Confocal” (All Fields) or “Confocal Microscopy” (All 
Fields) or “Laser Scanning Microscopy” (All Fields) or “Confocal Laser Scanning Microscopy” (All Fields) or “Laser 
Microscopy” (All Fields) or “scanning electron microscope” (All Fields) or “Microscopy fluorescence” (All 
Fields) or “evaluation report” (All Fields) or “evaluation reports” (All Fields) or “evaluation research” (All Fields) or “evaluation 
methodologies” (All Fields) or “evaluation methodology” (All Fields) or “scanning electron microscopic” (All Fields) 

 #1 AND #2 AND #3 

Embase 
07/02/2024 
(n = 67) 

#1 'root canal filling materials'/exp OR 'root canal filling materials' OR 'root canal filling':ti,ab,kw OR 'root canal sealants':ti,ab,kw 
OR 'root canal sealant':ti,ab,kw OR 'root canal sealer':ti,ab,kw OR 'endodontic sealer':ti,ab,kw OR sealer:ti,ab,kw 

#2 'dentin permeability'/exp OR 'dentin permeability' OR 'intratubular penetration':ti,ab,kw OR 'dentin penetration':ti,ab,kw OR 'dentin 
tubules':ti,ab,kw OR 'radicular dentine penetration':ti,ab,kw OR 'tubule penetration':ti,ab,kw OR 'depth penetration':ti,ab,kw 

#3 'evaluation studies as topic'/exp OR 'evaluation studies as topic' OR 'microscopy, confocal':ti,ab,kw OR 'confocal 
microscopy':ti,ab,kw OR 'confocal laser scanning microscopy':ti,ab,kw OR 'laser microscopy':ti,ab,kw OR 'scanning electron 
microscope':ti,ab,kw OR 'microscopy fluorescence':ti,ab,kw OR 'evaluation report':ti,ab,kw OR 'evaluation reports':ti,ab,kw 
OR 'evaluation research':ti,ab,kw OR 'evaluation methodologies':ti,ab,kw OR 'evaluation methodology':ti,ab,kw OR 'scanning 
electron microscopic':ti,ab,kw 

#1 AND #2 AND #3 

Cochrane 
07/02/2024 
(n = 24) 

“root canal filling materials” OR “root canal filling” OR “root canal sealants” OR “root canal sealant” OR “root canal sealer” OR 
“endodontic sealer” OR sealer 

 “dentin permeability” OR “intratubular penetration” OR “dentin penetration” OR “dentin tubules” OR “radicular dentine penetration” 
OR “tubule penetration” OR “depth penetration” 

 “evaluation studies as topic” OR “Microscopy, Confocal” OR “Confocal Microscopy” OR “Laser Scanning Microscopy” OR “Confocal 
Laser Scanning Microscopy” OR “Laser Microscopy” OR “scanning electron microscope” OR “Microscopy fluorescence” OR 
“evaluation report” OR “evaluation reports” OR “evaluation research” OR “evaluation methodologies” OR “evaluation methodology” 
OR “scanning  
 electron microscopic” OR “Confocal laser scanning microscopy” 

 “root canal filling materials” OR “root canal filling” OR “root canal sealants” OR “root canal sealant” OR “root canal sealer” OR 
“endodontic sealer” OR sealer AND “dentin permeability” OR “intratubular penetration” OR “dentin penetration” OR “dentin tubules” 
OR “radicular dentine penetration” OR “tubule penetration” OR “depth penetration” AND “evaluation studies as topic” OR 
“Microscopy, Confocal” OR “Confocal Microscopy” OR “Laser Scanning Microscopy” OR “Confocal Laser Scanning Microscopy” OR 
“Laser Microscopy” OR “scanning electron microscope” OR “Microscopy fluorescence” OR “evaluation report” OR “evaluation 
reports” OR “evaluation research” OR “evaluation methodologies” OR “evaluation methodology” OR “scanning electron microscopic” 
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OR “Confocal laser scanning microscopy” 

OpenGrey 
07/02/2024 
(n = 124) 

(“root canal filling materials” OR “root canal sealants” OR “root canal sealer” OR “endodontic sealer” OR sealer) 

 AND (“dentin permeability” OR “intratubular penetration” OR “dentin penetration” OR “dentin tubules” OR “radicular dentine 
penetration” OR “tubule penetration” OR “depth penetration”) 

 AND (“evaluation studies as topic” OR “Microscopy, Confocal” OR "Confocal Microscopy" OR “microscopy confocal” OR “laser 
scanning microscopy” OR “confocal laser scanning microscopy” OR “scanning electron microscope” OR “microscopy fluorescence” 
OR “evaluation report” OR “evaluation reports” OR “evaluation research” OR “evaluation methodologies” OR “evaluation 
methodology” OR “scanning electron microscopic” OR “confocal laser scanning microscopy”) 

Google 
Scholar 
07/02/2024 
(n = 100) 

#1 “root canal filling materials” OR “root canal sealants” OR “root canal sealer” OR “endodontic sealer” OR sealer 

 AND #2 “dentin permeability” OR “intratubular penetration” OR “dentin penetration” OR “dentin tubules” OR “radicular dentine 
penetration” OR “tubule penetration” OR “depth penetration” 

 AND #3 “evaluation studies as topic” OR “Microscopy, Confocal” OR "Confocal Microscopy" OR “microscopy confocal” OR “laser 
scanning microscopy” OR “confocal laser scanning microscopy” OR “scanning electron microscope” OR “microscopy fluorescence” 
OR “evaluation report” OR “evaluation reports” OR “evaluation research” OR “evaluation methodologies” OR “evaluation 
methodology” OR “scanning electron microscopic” OR “confocal laser scanning microscopy” 

ProQuest 
07/02/2024 
(n = 347) 

(“root canal filling materials” OR “root canal sealants” OR “root canal sealer” OR “endodontic sealer” OR sealer)  

 AND (“dentin permeability” OR “intratubular penetration” OR “dentin penetration” OR “dentin tubules” OR “radicular dentine 
penetration” OR “tubule penetration” OR “depth penetration”) 

 AND (“evaluation studies as topic” OR “Microscopy, Confocal” OR "Confocal Microscopy" OR “microscopy confocal” OR “laser 
scanning microscopy” OR “confocal laser scanning microscopy” OR “scanning electron microscope” OR “microscopy fluorescence” 
OR “evaluation report” OR “evaluation reports” OR “evaluation research” OR “evaluation methodologies” OR “evaluation 
methodology” OR “scanning electron microscopic” OR “confocal laser scanning microscopy”) 
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Fig. 1. Flowchart of the search strategy adapted from Page et al. (2021).

Records identified from: 
Databases (n = 403) 

PubMed: 102; Scopus: 114; 
Web of Science: 86; Embase: 
67; LILACS: 10; Cochrane: 24 

Records duplicated removed by 
automation tool (n = 252) Records screened 

(n = 403) 

Reports sought for retrieval 
(n = 151) 

Reports not retrieved from databases 
(n = 43):  

• out of theme (n = 37) 

• reviews (n = 4) 

• pilot studies (n = 2) 

Reports assessed for eligibility 
(n = 108) 

Reports excluded with reasons: (n= 12) 

• no commercial name/country 
origin of sealer (n = 3) 

• no description of method (n = 5) 

• pilot studies (n = 2) 

• no evaluation of intratubular 
penetration of sealer (n = 2) 
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Total studies included in review 
(n = 110) 

Identification of new studies via other 
methods 

Records identified from: 
Websites (OpenGrey, Google 

Scholar and ProQuest) 
(n = 571) 

 
Records duplicated removed 

manually (n = 89) 

Reports sought for 
retrieval 
(n = 482) 

Reports assessed for 
eligibility 
(n = 14) 
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Fig. 2. Maptree of the methods to analyze the sealer penetration. 
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Fig. 3. Maptree of the magnifications used in CLSM. 
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Fig. 4. Maptree of the magnifications used in SEM. 
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Appendix 1. Electronic databases and search strategy. 

PubMed 
06/26/2022 
(n = 287) 

((((((((((dentin[MeSH Terms]) OR (dentin)) OR ("dentin permeability"[MeSH Terms])) OR ("dentin permeability")) OR (dentins)) OR 
(dentines)) OR (dentine)) OR ("dentin permeabilities")) OR ("dentinal tubule")) OR ("dentinal tubules")) OR (tubular) 

(((("calcium hydroxide"[MeSH Terms]) OR ("calcium hydroxide")) OR (Ca(OH)2)) 

((depth) OR (dressing)) OR (penetration) 

((((((((((dentin[MeSH Terms]) OR (dentin)) OR ("dentin permeability"[MeSH Terms])) OR ("dentin permeability")) OR (dentins)) OR 
(dentines)) OR (dentine)) OR ("dentinal tubule")) OR ("dentinal tubules")) OR (tubular)) AND ((((("calcium hydroxide"[MeSH Terms]) 
OR ("calcium hydroxide")) OR (Ca(OH)2))) AND (((depth) OR (dressing)) OR (penetration)) 

Scopus 
06/26/2022 
(n = 316) 

#1( TITLE-ABS-KEY ( dentin* )  OR  TITLE-ABS-KEY ( "dentin permeability*" )  OR  TITLE-ABS-KEY ( "dentinal tubules" )  OR  
TITLE-ABS-KEY ( tubular ) ) 

#2 TITLE-ABS-KEY ( "calcium hydroxide" ) 

#3 ( TITLE-ABS-KEY ( depth )  OR  TITLE-ABS-KEY ( dressing )  OR  TITLE-ABS-KEY ( penetration ) ) 

#1#2#3 ( ( TITLE-ABS-KEY ( dentin* )  OR  TITLE-ABS-KEY ( "dentin permeability*" )  OR  TITLE-ABS-KEY ( "dentinal tubules" )  
OR  TITLE-ABS-KEY ( tubular ) ) )  AND  ( TITLE-ABS-KEY ( "calcium hydroxide" ) )  AND  ( ( TITLE-ABS-KEY ( depth )  OR  
TITLE-ABS-KEY ( dressing )  OR  TITLE-ABS-KEY ( penetration ) ) ) 

Web of 
Science 
06/26/2022 
(n = 327) 

#1 (((TS=(dentin*)) OR TS=("dentin permeabilit*")) OR TS=("dentinal tubules")) OR TS=(tubular) 

#2 (TS=("calcium hydroxide")) OR TS=(Ca(OH)2) 

#3 ((TS=(depth)) OR TS=(dressing)) OR TS=(penetration)  

#1 AND #2 AND #3 

BBO/Lilacs 
06/26/2022 
(n = 57) 

(dentin) OR (dentina) OR ("dentinal tubules") OR (tubular) OR ("túbulos dentinários") OR ("dentin permeability") OR 
("permeabilidade dentinária") 

("calcium hydroxide") OR ("hidróxido de cálcio") OR (Ca(OH)2) OR (“pasta de hidróxido de cálcio”) 

(depth) OR (dressing) OR (penetration) OR (profundidade) OR ("curativo de demora") OR (penetração) 

((dentin) OR (dentina) OR ("dentinal tubules") OR (tubular) OR ("túbulos dentinários") OR ("dentin permeability") OR 
("permeabilidade dentinária")) AND (("calcium hydroxide") OR ("hidróxido de cálcio") OR (Ca(OH)2) OR (“pasta de hidróxido de 
cálcio”)) AND ((depth) OR (dressing) OR (penetration) OR (profundidade) OR ("curativo de demora") OR (penetração)) 

Embase 
06/26/2022 
(n = 345) 

#1 'root canal filling material'/exp OR 'root canal filling material':ti,ab,kw OR 'depth'/exp OR depth:ti,ab,kw OR 'penetration'/exp 
OR penetration:ti,ab,kw OR 'penetration depth'/exp OR 'penetration depth':ti,ab,kw OR 'dressing'/exp OR dressing:ti,ab,kw 

#2 'calcium hydroxide'/exp OR 'calcium hydroxide':ti,ab,kw 

#3 'dentin'/exp OR dentin:ti,ab,kw OR 'dentin permeability'/exp OR 'dentin permeability':ti,ab,kw OR 'dentinal tubule'/exp OR 
'dentinal tubule':ti,ab,kw 

#1 AND #2 AND #3 
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Appendix 2. Data collection of the studies included in the scoping review 
Author/Year Journal of 

publication 
Aims Sample 

(tooth/number) 
Tested sealers 
(commercial 

name/country of 
origin) 

Pre-
assessment 

storage 

Research method Dye Image analysis 
software 

Penetration 
analysis method 

Key findings related to the review 
question 

Abusteit, 
2021 

 
 

Australian 
Endodontic 

Journal 

Assess the depth of 
sealer penetration 

into dentinal tubules 
following different 
final rinses and 

indirectly evaluate 
precipitation of 

irrigating solutions 

52 maxillary 
incisors 

ThermaSeal Plus 
RIBBON (DENTSPLY 
Tulsa Dental, Tulsa, 

OK) 

7 days CLSM 
 (Carl Zeiss LSM 510 

Meta; Carl Zeiss 
Mikroskopie, Jena, 

Germany)  
Wavelength 570 nm 
Magnification 10× 

Rhodamine B 
isothiocyanate 
dye (Sigma-
Aldrich, St. 
Louis, MO) 

Fiji ImageJ 
software (National 
Institute of Health, 

Bethesda, MD) 

Maximum depth of 
sealer penetration 
was measured in 

micrometers 
circumferentially at 4 

locations (buccal, 
lingual, mesial and 

distal) 

Recently developed final rinses 
produced higher sealer penetration 
and more patent dentinal tubules 

than using EDTA and chlorhexidine 
sequentially 

Akcay et al., 
2016 

Lasers in 
Surgery and 

Medicine 

Use a laser scanning 
confocal microscope 

to assess the 
dentinal tubules 
penetration of 

various sealers after 
the application of 

different final 
irrigation techniques 

156 single-
rooted 

mandibular 
premolars 

AH Plus (Dentsply 
DeTrey GmbH, 

Konstanz, Germany) + 
iRoot SP (Innovative 

BioCeramix Inc., 
Vancouver, Canada) + 
MTA Fillapex (Angelus 

dental solutions, 
Londrina, PR, Brazil) + 
GuttaFlow 2 (Coltene 

Whaledent, GmBHþCo 
KG, Langenau, 

Switzerland) 

7 days CLSM Leica TCS-SPE  
(Leica, Mannheim, 

Germany) 
Wavelength 560/600 

nm  
Magnification 10× 

0.1% 
Rhodamine B 
isothiocyanate 

(Bereket 
Chemical 
Industry, 
Istanbul, 
Turkey) 

ImageJ program 
(ImageJ software, 

NIH) 

The dentinal tubule 
penetration area was 

measured as 
micrometers (mm) 
and converted to 

square millimeters 
(mm2 ) 

The dentinal tubule penetration area 
was significantly affected by the 

selection of root canal sealer, final 
irrigation procedure, and root canal 
third. Use of iRoot with PIPS tip or 

PUI seems advantageous in dentinal 
tubule penetration 

Aktemur et 
al., 2018 

Journal of 
Dental 

Research, 
Dental 
Clinics, 
Dental 

Prospects 

Determine the effect 
of the smear layer on 

the adhesion and 
penetration depth of 
two calcium silicate-
based sealers and 

the correlation 
between these two 

tests 

90 single-rooted 
human 

mandibular 
premolars 

AH26 (Dentsply DeTrey 
GmbH, Konstanz, 

Germany) + BioRoot 
RCS (Septodont, 

St.Maur-desFosses, 
France) + MTA Plus 
(Avalon Biomed Inc., 
Bradenton, FL, USA) 

7 days CLSM  
(Zeiss LSM 510; Carl 

Zeiss, Jena, Germany) 
Wavelength 540/590 

nm  
Magnification (NI) 

 

0.1% 
Rhodamine B 
dye (Sigma 

Aldrich Co., St 
Louis, MO, 

USA) 

CLSM Image 
Browser (Carl 

Zeiss) 

The images were 
evaluated according 
to the method used 

by Deniz Sungur et al 
2016 

BioRoot RCS showed the lowest 
penetration depth when the smear 
layer was removed. Dentinal tubule 

penetration of root canal sealers had 
a limited effect on their adhesion to 

root canal wall 

Aktemur et 
al., 2020 

Microscopy 
Research 

and 
Technique 

Compare the effects 
of different obturation 

techniques on the 
dentinal tubule 

penetration of Total 
Fill BC sealer in the 

presence of an 
apically separated 

instrument 

48 mandibular 
human incisors 
with single root 

canals 

Total Fill BC sealer 
(FKG, La Chaux-de-
Fonds, Switzerland) 

7 days CLSM  
(LSM 510, Carl Zeiss, 

Oberkochen, Germany) 
Wavelength 543 nm 
Magnification 10× 

 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St 
Louis, MO) 

LSM Image 
Browser (Carl 

Zeiss; Zeiss LSM 
Image Browser 

Version 4.2.0.121) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

The obturation technique may 
present a significant effect on sealer 
penetration. At the 3 mm level, all the 
obturation techniques showed similar 

penetration depths 

Alcalde et al., 
2017 

Journal of 
Applied Oral 

Science 

Evaluate the 
influence of 

ultrasonic activation 
of AH Plus to 

improve canal and 
isthmus filling and 

analyze the 
antimicrobial effect 
against E. faecalis 

within 

30 mesial roots 
of mandibular 

first molars 

AH Plus (Dentsply 
Maillefer, Ballaigues, 

Switzerland) 

7 days CLSM Leica TCS-SPE 
(Leica Microsystems 
GmbH, Mannheim, 

Germany) 
Wavelength 
540/590nm 

Magnification 10× 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St 
Louis, MO) 

Image J V1.46r 
software (National 
Institutes of Health, 

Bethesda, MD, 
USA) 

The areas in 
segments where the 
sealer penetrated the 
dentinal tubules, and 

where gaps 
appeared at the 
sealer/dentine 
interface were 
obtained and 
converted into 

Ultrasonic activation of the AH Plus 
sealer promoted a better quality of 
root canal filling and increased the 
intratubular penetration of sealer, 

especially in the isthmus area 
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dentinal tubules percentages 

Almasri et al., 
2024 

Applied 
Science 

Assess the 
penetration of AH-
Plus and AH-Plus 

Bioceramic sealers 
into dentinal tubules 

after different 
irrigation activation 

protocols 

150 single-
rooted 

mandibular 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) + AH Plus 
Bioceramic (Dentsply 
Sirona, Charlotte, NC, 

USA) 

10 days CLSM  
(Leica SPEII; Leica 

Microsystems, 
Mannheim, Germany) 
Wavelength 543nm 
Magnification 10× 

0.1% 
Rhodamine B 

fluorescent 
dye (Merck, 
Darmstadt, 
Germany) 

ImageJ (ImageJ 
software; V1.54d, 

NIH) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

Both sealers statistically presented 
similar penetration properties. Laser-

activated irrigation presented a 
higher sealer penetration compared 

to the other techniques 

Amoroso-
Silva et al., 

2014 

Microscopy 
Research 

and 
Technique 

Analyzed the quality 
of obturation and 

physical properties of 
MTA Fillapex and AH 

Plus sealer 

30 human 
maxillary central 

incisors 

AH Plus (Dentsply 
Maillefer, Konstanz, 
Germany) + MTA 
Fillapex (Angelus, 
Londrina, Parana, 

Brazil) 

7 days CLSM Leica TCS-SPE 
(Leica Microsystems 
GmbH, Mannheim, 

Germany) 
Wavelength 
540/590nm 

Magnification 10× 

0.1% 
Rhodamine-B 

dye 
(SigmaAldrich, 

St Louis, 
USA) 

ImageJ V1.46r 
software (US 

National Institutes 
of Health, 

Bethesda, USA) 

To obtain the 
percentage of sealer 

penetration the 
circumference of the 

root canal was 
measured and the 
sections along the 
canal wall in which 

the sealer penetrated 
the dentinal tubules 
were outlined and 

measured 

The MTA Fillapex presented 
flowability and intratubular 

penetration similar to the AH Plus 

Antunes et 
al., 2020 

Journal of 
Applied Oral 

Science 

Compared the effects 
of final canal 
irrigation with 

chitosan and EDTA 
on dentin 

microhardness, 
sealer dentin tubules 
penetration capacity, 

and push-out 
strength 

50 canine roots AH Plus (Dentsply, 
DeTrey, Konstanz, 

Germany) 

3 days CLSM  
(Lext OLS 4000, 

Olympus, Waltham, 
USA) 

Wavelength 257nm 
Magnification 50× 

(NI) (NI) Depth of penetration 
was performed in 4 

quadrants: upper left, 
upper right, lower 

left, and lower right. 
Started from the wall 

of the root canal, 
following the 

trajectory of the 
dentinal canaliculus 

to the maximum point 
of penetration of the 
endodontic sealer 

Sealer penetration through dentin 
was significantly greater in the group 
with irrigation with Endovac with 5 mL 

of 15% EDTA 

Arikatla et al., 
2018 

Journal of 
Conservativ
e Dentistry 

Evaluate the 
interfacial adaptation 

and penetration 
depth of Bioroot RCS 

and MTA Plus 
sealers to root dentin 

60 single-rooted 
mandibular 
premolar 

AH Plus (Dentsply, 
Germany) + Bioroot 

RCS (Septodont, 
Louisville, USA) + MTA 
plus (Avion Biomed Inc., 

Bradenton, USA) 

7 days CLSM  
(CLSM 880, Carl Zeiss, 

Germany) 
 

0.1% 
Rhodamine 

dye (Macsen 
Labs Pvt Ltd., 

Rajasthan) 

Adobe Photoshop 
CS3 + LSM image 
browser software 

Depth of sealer 
penetration was 
measured and 

recorded at four 
standardized points 

(mesial, distal, 
buccal, and lingual) 

on each section 

At all root regions, AH plus sealer 
exhibited minimum gaps and more 
tubular penetration whereas MTA 

Plus sealer exhibited more gaps and 
less penetration 

Ates et al., 
2021 

Lasers in 
Medical 
Science 

Assess the efficacy 
of various irrigation 

protocols on the 
dentinal tubule 
penetration of a 

bioceramic-based 
endodontic sealer 

64 single-rooted 
extracted 
human 

mandibular 
incisors 

EndoSequence BC 
(Brasseler USA, 
Savannah, GA) 

14 days CLSM TCS-SPE (Leica, 
Mannheim, Germany) 
Wavelength 532 nm 

Magnification 5× 

0.1% 
Rhodamine B 

(Bereket 
Chemical 
Industry, 
Istanbul, 
Turkey) 

ImageJ software 
(NIH, Bethesda, 

MD) 

The sealer 
penetration area was 

calculated by 
subtracting the root 
canal area from the 

total area of that 
sealer penetrated 
inside the dentinal 
tubules. The SPA 
was measured in 

The choice of diferent final irrigation 
techniques can afect dentinal tubule 

penetration 
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square micrometers 
and converted to 

square millimeters 
(mm2) 

Aydin et al., 
2018 

Odontology Compare the efect of 
chitosan 

nanoparticle, QMix, 
and 17% EDTA on 

the penetrability of a 
calcium silicate-
based sealer into 
dentinal tubules 
using a confocal 
laser scanning 

microscope 

60 mandibular 
premolars 

Total Fill BC (FKG 
Dentaire) 

14 days CLSM  
(Carl Zeiss LSM 510; 

Carl Zeiss Microscopy, 
Jena, Germany) 

Wavelength 575 nm 
Magnification 4× 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

Image J analysis 
software (v. 1.44p; 
National Institutes 

of Health, 
Bethesda, MD, 

USA) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

Greater depth of sealer penetration 
was recorded at 5 mm as compared 
to 3 mm in all the groups. QMix and 
EDTA promoted sealer penetration 

superior to that achieved by chitosan 
nanoparticle 

Basoglu et al., 
2023 

Australian 
Endodontic 

Journal 

To compare the 
penetration of Ah 

Plus and MTA 
Fillapex after 

irrigation activation 
with sonic, passive 

ultrasonic, SWEEPS 
and XP-Endo 
Finisher using 

confocal microscopy 

160 mandibular 
premolars 

AH Plus (Dentsply 
DeTrey GmbH) + MTA 

Fillapex (Angelus 
Soluçoes 

Odontologicas) 

7 days CLSM  
(LSM 510, Carl Zeiss) 

Wavelength 
543/740nm 

Magnification 10× 

0.1% 
Rhodamine B 

(Sigma 
Aldrich) 

ImageJ software 
(NIH) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

Sealers presented similar results 
when evaluated independently of the 

region. The use of SWEEPS for 
irrigation activation is promising in 

terms of tubule penetration 

Balguerie et 
al., 2011 

Journal of 
Endodontics 

Assess in vitro the 
tubular penetration 
depth in the apical, 
middle, and coronal 
third of 5 different 
sealers and their 
adaptation to the 
walls of the root 

canal and dentinal 
tubules in 

combination with a 
softened gutta-

percha cone 

52 single-rooted 
permanent 

human teeth 

Acroseal (Septodont, 
Saint-Maur, France) + 

Endobtur + Ketac-Endo 
+ AH Plus (Dentsply De 

Trey, Konstanz, 
Germany) + RSA 

(Roeko Dental Product, 
Langenau, Germany) 

14 days SEM 
(JEOL JSM–840A; 

JEOL, Tokyo, Japan) 
Magnification between 

500× and 1.500× 

(NI) Fishers protected 
least significant 

difference (PLSD) 
(Statview 5.0.1; 

SAS Institute Inc, 
Cary, NC). 

The Fisher’s PLSD 
test was used to 

compare the 
penetration depth 

between the different 
sealers and the 3 

levels 

The tubular penetration and 
adaptation varies with the different 
physical and chemical properties of 
the sealers used. AH Plus showed 

the most optimal tubular penetration 
and adaptation to the root canal wall 

of the sealers tested 

Barbero-
Navarro et al., 

2023 

Journal of 
Functional 

Biomaterials 

Compare the 
maximum 

penetration depth 
and the percentage 

of sealant 
penetration of an 
endodontic sealer 

into dentine tubules 
using cold lateral 

condensation, 
continuous wave, 

and hybrid 
techniques, and to 

contrast the 
effectiveness of two 

different tapered 
gutta-percha master 

60 human teeth 
with single, 

straight canals 

AH plus (DeTrey 
Dentsply, Konstanz, 

Germany) 

3 days CLSM Leica TCS-SP2  
(Leica, Mannheim, 

Germany) 
Wavelength 543nm 
Magnification (NI) 

 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

Image J software 
(Rasband WS, 

ImageJ, 1.54; US 
National Institute of 
Health, Bethesda, 

MD, USA) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

The hybrid technique a had higher 
maximum sealer penetration than the 
continuous wave in the apical third, 

and the coronal third hybrid and 
continuous wave had a higher 
penetration than cold lateral 

condensation 
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cones 

Bhalla et al., 
2023 

World 
Journal of 
Dentistry 

To assess the 
influence of irrigation 

sequence on 
penetration and 
push-out bond 

strength of three root 
canal sealers into 

radicular dentin and 
their chemical 
interaction by 
confocal laser 

scanning microscopy 

90 caries-free 
single-rooted 
mandibular 
premolars 

AH plus (Dentsply 
DeTrey, Konstanz, 

Germany) +  Endobtur 
(Septodont, Saint-Maur, 
France) + MTA Fillapex 

(Angelus, Londrina, 
Parana, Brazil) 

1 day CLSM Leica TCS-SPE 
Magnification (NI) 

  

0.1% 
Rhodamine B 

ImageJ software For measuring the 
depth of penetration, 
the point of deepest 

penetration was 
measured from the 

canal wall to the 
point of maximum 
sealer penetration 

The irrigation regime followed is 
important in achieving disinfection as 

well as smear layer removal. This 
directly influences the sealer 

penetration percentage and has a 
positive effect on sealer penetration 

depth 

Bolbolian et 
al., 2022 

Folia 
Medica 

To compare the 
dentin penetration of 
AH Plus, Endoseal 
MTA, and Syntex 

endodontic sealers in 
the presence and 

absence of the 
smear layer 

30 human 
single-canal 

maxillary central 
incisors and 
mandibular 
premolars 

AH Plus (Dentsply 
Sirona, New York) + 
Syntex (Cerkamed, 
Poland) + Endoseal 

MTA (Maruchi, Korea) 

7 days SEM 
(Vega II x mu, Tescan, 

Czech Republic) 
Magnification between 

50× and 2.500× 

(NI) (NI) The sealers’ 
penetration depths 
were determined at 
four points in each 
cross-section (in 
each area of the 

surfaces mentioned, 
the sealers’ dentin 
penetration was 

evaluated at three 
levels 

Elimination of smear layer increased 
three sealers’ dentin penetration 

depth, with the deepest penetration 
for the AH Plus sealer in the coronal 

section without the smear layer 

Bolles et al., 
2013 

Journal of 
Endodontics 

Compare the effect 
of different irrigation 
systems on sealer 

penetration into 
dentinal tubules of 
extracted single-

rooted teeth 

50 single-rooted 
straight human 

teeth 

SimpliSeal (Discus 
Dental, Culver City, CA) 

4 days CLSM  
(SP5 Leica, Mannheim, 

Germany)  
Magnification 5× 

Rhodamine B 
isothiocyanate 

(Sigma-
Aldrich, St 
Louis, MO) 

NIS-Elements Br 
3.0 imaging 

software (Nikon, 
Tokyo, Japan) 

The circumference of 
the root canal wall, 

areas along the canal 
walls into which the 

sealer penetrated the 
dentinal tubules were 

outlined and 
measured. The 

outlined distances 
were divided by the 
canal circumference 

to calculate the 
percentage of sealer. 
The point of deepest 

penetration was 
measured from the 

canal wall to the 
point of maximum 
sealer penetration 

The use of sonic activation with either 
the EndoActivator or Vibringe did not 

significantly improve the sealer 
penetration when compared with 

conventional irrigation 

Bortolini et al., 
2010 

Indian 
Journal of 

Dental 
Research 

Evaluate the 
intratubular 

penetration and 
permeability of the 
endodontic sealers 
AHPlus, EndoRez, 

and Endo CPM-
sealer to E. faecalis 
by microbiological 

34 human 
canines 

EndoRez (Ultradent 
Products, South Jordan, 
UT, USA) + Endo CPM 
(Laboratório Egeo SRL, 

Argentina) + AHPlus 
(Dentsply, Detrey, 

Konstanz, Germany) 

3 days SEM 
Magnification 1000× 

(NI) Fotoscore Program The scores used to 
evaluate the 
intratubular 

penetration of the 
endodontic sealers 
were as follows: 2 

(none or low 
penetration), 3 

(regular penetration), 

Endo CPM-sealer showed greater 
permeability to E. faecalis and 
EndoRez showed increased 

intratubular penetration 
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analysis and 
scanning electronic 

microscopy 

and 4 (good 
penetration) 

Caceres et 
al., 2020 

European 
Endodontic 

Journal 

Compare and 
evaluate the dentinal 

tubule penetration 
and adaptation of a 

premixed bioceramic 
sealer and an epoxy-
resin based sealer in 

the three radicular 
thirds 

30 palatal roots 
of maxillary 

molars, distal 
roots of 

mandibular 
molars and 

roots of 
maxillary 
incisors 

AH Plus (Dentsply 
DeTrey, Konstanz, 
Germany) + Bio-C 
Sealer (Angelus, 
Londrina, Brazil) 

14 days SEM 
(Zeiss EVO 10 (Carl 

Zeiss Microscopy 
GmbH, Jena, Germany) 

Magnification 600× 

(NI) ImageJ software 
(National Institute 

of Health, 
Washington DC, 

USA) 

Demarcated the 
dentinal tubules full 
of sealer in each of 

the images and by a 
pixel count, the total 
percentage of sealer 

occupation with 
respect to the 

dentine area was 
calculated 

The results obtained by the SEM 
images show a better intratubular 

performance of Bio-C Sealer 
compared to AH-Plus in the three 

thirds of the root canal 

Carneiro et 
al., 2023 

Australian 
Endodontic 

Journal 

Evaluate the 
influence of UA of 

silicate-based 
endodontic sealers 
EndoSequence BC 
sealer, Sealer Plus 

BC and Bio-C Sealer 
on the marginal 

adaptation, 
intratubular 

penetration and bond 
strength in 

comparison with AH 
Plus 

96 maxillary 
molars 

EndoSequence BC + 
Sealer Plus BC + Bio-C 

Sealer + AH Plus 
(Dentsply, DeTrey) 

7 days CLSM  
(Leica DMI 4000 B; 
Leica Microsystems 

GmbH) 
Magnification (NI) 

 

0.1% Fluo-3 
(Pentapotassi

um Salt; 
Thermo Fisher 

Scientific) 

Image J software 
(National Institute 

of Health) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

The tested bioceramic cements 
demonstrated marginal adaptation, 
intratubular penetration and bond 

strength patterns very similar to each 
other and to AH Plus 

Casino Alegre 
et al., 2022 

Heliyon Evaluate the 
intratubular 

penetration area of a 
calcium silicate-

based sealer, using 
two warm obturation 

techniques, 
continuous wave and 
vertical condensation 

with two different 
types of gutta-percha 

and also SC 
technique with BG in 
different root thirds 

150 human 
teeth with a 
single root 
(including 
incisors, 

canines, and 
premolars) 

EndoSequence BC 
Sealer + HiFlow 

(Brasseler USA®, 
Savannah, GA, USA) 

14 days CLSM 
(Leica TCS SP8 

Confocal Microscope)  
Magnification 5× 

0.1% 
Rhodamine 

BTM (Sigma-
Aldrich Corp., 

USA) 

AutoCad® 
Software 

AutoCad tool function 
was applied to the 

area of tubular sealer 
penetration and the 
canal area, to obtain 
the penetration area. 
The penetration area 

was calculated by 
adding the sealer 

penetration area in 
the tubules plus the 

canal area 

For each type of gutta-percha and 
technique, dentinal tubule 

penetration was higher in the coronal 
section than in the apical section 

Chandra et 
al., 2012 

Journal of 
Endodontics 

Evaluate the depth of 
penetration of 4 

different endodontic 
resin sealers into the 

radicular dentinal 
tubules with the aid 

of confocal 
microscopy 

80 recently 
extracted, 
caries-free 

human, single-
rooted 

mandibular 
premolars 

AH Plus (Dentsply 
Maillifer) + RealSeal 

(SybronEndo, Orange, 
CA) + EndoRez 

(Ultradent, South 
Jordan, UT) + 

RoekoSeal 
(Coltene/Whaledent, 
Langenau, Germany) 

2 days CLSM Leica TCS SP5 
(Leica, Mannheim, 

Germany) 
Wavelength 543nm 
Magnification (NI) 

 

Rhodamine B 
dye (Mayor 
Diagnostics, 

Mumbai, 
India) 

Leica 
Microsystems 

software (LAS-AF) 

The canal wall 
served as the starting 

point, and sealer 
penetration was 
measured to the 
outer limit of the 
visible field in the 
microscope. The 

data were averaged 
to obtain a single 

value for each 
section 

The maximum penetration of the 4 
resin sealers was seen in the coronal 
third, followed by the middle third and 

least in the apical third 
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Coronas et 
al., 2020 

Brazilian 
Dental 
Journal 

Evaluate penetrability 
on dentinal tubule of 

a new bioceramic 
sealer through 
confocal laser 

scanning microscopy 

40 human teeth 
of superior 
molars with 

three distinct 
roots 

Sealer Plus BC (MK 
LIFE, Porto Alegre, 

Brazil) 

3 days CLSM Olympus 
Fluoview 100 (Olympus 

Corporation, Tokyo, 
Japan) 

Wavelength 559 nm 
Magnification - 10× 

0.1% Fluo-3 
(Thermo 
Fisher 

Scientific, 
USA) 

FluoView 10-ASW 
4.2 program 
(Olympus 

Corporation, 
Tokyo, Japan) + 

Adobe Photoshop 
CC2018 

Total area of the 
images and root 

canal circumference 
and area were 

measured. The root 
canal measures were 
subtracted from the 
total area measures, 
and the result was 
the dentinal area 
which could be 
infiltrated by the 

sealer. The same 
procedures were 

carried out to 
calculate dentinal 
tubule area which 

was invaded by the 
sealer. Then, 

percentage of the 
sealer penetration 
area was obtained 

Penetration of bioceramic and epoxy 
resin based sealers occurred 
unimpressively. The type of 
instrument used to activate 

bioceramic sealer did not affect 
penetrability 

Cruz et al., 
2017 

European 
Endodontic 

Journal 

Evaluate the effect of 
a calcium 

hydroxidedressing on 
the tubular 

penetration of two 
endodontic sealers, 
AH Plus and MTA 

Fillapex 

72 mandibular 
premolars with a 
single root canal 

AH Plus (Dentsply 
Maillefer, Ballaigues, 
Switzerland) + MTA 
Fillapex (Angelus, 
Londrina, Brazil) 

15 days CLSM  
(Olympus Fluoview 

1000; Olympus 
Corporation, Tokyo, 

Japan) 
Wavelength 
540/590nm 

Magnification (NI) 
 

0.1% 
Rhodamine B 

Image Tool 3.0 
software 

(University of 
Texas Health 

Science Center at 
San Antonio-

UTHSCSA, San 
Antonio, Texas, 
USA) + Adobe 

Photoshop CS6 
software (Adobe 
Systems, San 

Jose, CA) 

The segments along 
the canal 

circumference in 
which there was 

sealer penetration 
into the dentinal 

tubules were 
measured; the total 
area of the image 
was acquired in 

pixels; the root canal 
area was 

subsequently 
measured with the 

‘lasso’ tool and 
subtracted from the 

total area of the 
image, which defined 
the total dentin area 

MTA Fillapex presented higher 
tubular penetration than AH Plus. CH 

dressing did not affect the apical 
tubular penetration of each sealer. 
CH dressing reduced the tubular 

penetration of AH Plus in the middle 
third 

Dasari et al., 
2021 

Journal of 
Conservativ
e Dentistry 

Compare the two 
thermoplastics 

techniques and to 
evaluate which 

technique is better in 
terms of good sealer 

penetration 

90 caries-free, 
single-rooted 
mandibular 
premolars 

BioRoot RCS 
(Septodont, Saint-Maur-

des-Fosses Cedex, 
France) 

(NI) CLSM  
(CSLM 890, Carl Zeiss, 

Germany) 
Magnification - 10× 

Rhodamine 
dye 

Image J software The penetration 
depth was measured 

in predetermined 
regions. To obtain a 
single mean value of 
penetration depth of 

each section, an 
average of all the 

four measured 
readings (buccal, 

lingual, mesial, and 
distal) is taken to 

gain one mean value 
for each section in 

Highest depth of penetration and 
adaptation of BioRoot RCS to root 

dentin in the warm vertical 
condensation technique followed by 
injectable GP technique and lateral 

condensation technique 
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millimicrons 

D’Costa et al., 
2021 

Journal of 
Pharmacy 
Bioallied 
Sciences 

Evaluate the 
percentage and 
average depth of 

penetration of 
Endoflas F. S., AH 
Plus, and Epiphany 
sealers into dentinal 
tubules among the 

coronal, middle, and 
apical thirds of the 

roots following 
obturation with a 

lateral compaction 
technique using 
Confocal Laser 

Scanning Microscopy 

30 central 
incisors 

Endoflas FS (Sanlor 
Laboratories, USA) + 
AH Plus (Dentsply, 

Maillefer) + Epiphany 
(Pentron Clinical 
Technologies, 
Wallingford) 

(NI) CLSM Zeiss Pascal 
(Carl Zeiss, Germany) 
Magnification - 10× 

0.1% Acridine 
orange 

fluorescent 
dye 

Adobe Photoshop 
CS3 

A lasso tool was 
used to determine 

the circumference of 
the canal. The area 

along the canal walls 
was measured, in 

which sealer 
infiltrated. The ratio 
of sealer penetration 
was analyzed using 

the outlined 
distances by the 

canal circumference 

The superior flow and enhanced 
setting time Epihany sealers provide 

better percentage and depth of 
penetration than AH Plus and 

Endoflas FS 

De-Deus et 
al., 2002 

Pesquisa 
Odontológic
a Brasileira 

Evaluate the capacity 
of penetration of four 
endodontic sealers 
into dentinal tubules 

72 human 
maxillary 

anterior teeth 

Endo Fill (Dentsply, 
Brasil) + AH Plus 

(Dentsply, Alemanha) + 
Sealapex (Kerr 

Corporation, USA) + 
Pulp Canal Sealer (Kerr 

Corporation,USA) 

14 days SEM 
Magnification between 

150× and 10.000× 

(NI) (NI) Using the resources 
present in the SEM, 
the measurement of 

the peaks that 
represented the 

lowest and highest 
depths of penetration 

of the sealers 

Pulp Canal Sealer presented the 
highest intratubular penetration and 
Sealapex the lowest. Smear layer 

had a negative influence in the 
penetration capacity of the sealers 

De-Deus et 
al., 2012 

International 
Endodontic 

Journal 

To determine the 
correlation between 
leakage and sealer 

penetration into 
dentinal tubule 

60 mandibular 
central incisor 

teeth 

AH Plus (Dentsply De 
Trey, Konstanz, 

Switzerland) 

7 days CLSM  
(Carl Zeiss) 

Wavelength 568 nm 
Magnification (NI) 

 

0.1% 
Rhodamine B 

dye 
(SigmaAldrich, 
St. Louis, MO, 

USA) 

AxioVision 
software 4.11 (Carl 

Zeiss, Jena, 
Germany) 

Sealer penetration 
values were then 
transformed into 

percentage of sealer 
penetration into 

dentinal tubules by 
calculating from the 
total cross-sectional 

area of the canal wall 
previously obtained 

in the high-resolution 
stereomicroscope 

There was no significant correlation 
between sealability sealer 

penetration into dentinal tubules 

De-Deus et 
al., 2017 

European 
Endodontic 

Journal 

Evaluate the effect of 
the penetration of an 
epoxy resin-based 

root canal sealer into 
dentin tubules on the 

force required to 
dislodge the root 

canal filling 

60 human 
central incisors 

with single 
canals 

AH Plus (Dentsply De 
Trey, Konstanz, 

Switzerland) 

7 days CLSM  
(Carl Zeiss, Jena, 

Germany) 
Magnification (NI) 

 
 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, Saint 
Louis, USA) 

AxioVision 
software (Carl 

Zeiss, 
MicroImaging 

GmbH, Munich, 
Germany) 

The areas along the 
canal walls in which 

the sealer penetrated 
the dentin tubules 
were outlined and 

measured. The 
percentage of sealer 
penetration into the 

dentin tubules in 
each section was 

calculated using the 
total canal wall area 
obtained from the 

high-resolution 
stereomicroscopic 

Root canal sealers have been shown 
to extensively penetrate the dentin 
tubules of root-filled teeth. To date, 
no strong evidence exists proving 

that tubular dentin sealer penetration 
influences intracanal resistance to 

the dislodgement of root fillings. The 
ability of AH Plus sealer in 

penetrating dentin tubules has no 
correlation to the force required to 

dislodge the root canal filling 
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images 

Demir et al., 
2023 

ODOVTOS 
International 
Journal of 

Dental 
Sciences  

Compare the effect 
of cold lateral 
condensation, 

continuous wave 
obturation and core-

carrier based 
techniques on sealer 

penetration 

60 mandibular 
premolars 

AH Plus (Dentsply 
Sirona, York, PA, USA) 

7 days CLSM  
(Leica, Mannheim, 

Germany) 
Wavelength 
565/600nm 

Magnification 5× 

0.1% 
Rhodamine B 

(Merck, 
Darmstadt, 
Germany) 

Adobe Photoshop 
Software program 
(Adobe Systems 

Inc., San Jose, CA, 
USA) 

For the depth of 
penetration, the 
deepest point of 
penetration was 

measured from the 
canal wall to the 

point of the maximum 
material penetration. 
Also, to calculate the 

penetration 
percentage, the 

penetration depth 
was divided by the 

circumference of the 
root canal 

Sealer penetration into dentinal 
tubules is independent of obturation 

techniques 

Donnermeyer 
et al., 2021 

Materials Investigate the 
suitability of 

rhodamine B dye 
staining of an epoxy 

resin sealer and 
calcium-silicate-
based sealers to 

represent the 
penetration depth of 

the sealers into 
dentinal tubules after 
root canal obturation 

9 central upper 
incisors 

AH Plus (Dentsply 
Sirona, York, PA, USA) 

+ Total Fill BC (FKG 
Dentaire, La Chaux-de-
Fonds, Switzerland) + 

BioRoot RCS 
(Septodont, St. Maur 
des Fossés, France) 

3 months 
 

+ 
 

14 days 

SEM 
 (JSM 6510 LA, JEOL, 

Freising, Germany) 
+ 

CLSM  
(LSM 700, Zeiss, 

Oberkochen, Germany) 
Wavelength 555nm 
Magnification (NI) 

 

0.1% 
Rhodamine B 

(Merck, 
Darmstadt, 
Germany) 

SEM Control User 
Interface (version 

3.13) 
+ 

JEOL; ZEN2011 
(version 

7.0.7.288), Zeiss, 
Aalen, Germany) 

All sealers could be 
detected via EDX 

(Energy-dispersive 
X-ray spectroscopy) 

analysis for 
zirconium oxide, 

which is a 
radiopaque 

ingredient in all three 
sealers. The furthest 

penetration depth 
was measured using 
the software tools of 
the two microscopes, 
and the values were 

compared 

No correlation was observed 
between sealer penetration in SEM 

and rhodamine B penetration in 
CLSM. Staining of sealers using 
rhodamine B is an inadequate 

method with which to evaluate sealer 
penetration depth into dentinal 
tubules, as it overestimates the 

penetration of sealers into root dentin 
tubules 

Egemen and 
Belli, 2022 

Journal of 
Endodontics 

Evaluate the effect of 
previous root canal 

treatment on dentinal 
tubule penetration of 

calcium silicate–
based sealers during 

endodontic 
retreatment and to 
compare 2 different 
tubule penetration 

depth measurement 
techniques 

96 human 
permanent 
mandibular 

premolar teeth 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) + WellRoot 
ST (WRST, injectable; 

Vericom, Korea) + MTA 
Fillapex (Angelus, 
Londrina, Brazil) 

21 days CLSM 
Wavelength (Rhod-2 

dye) 557/581 nm 
Wavelength (Fluo-3 

dye) 506/526 nm  
Magnification 10× 

0.1% Rhod-2 
dye dissolved 

in dimethyl 
sulfoxide 

liquid (Merck, 
Darmstadt, 
Germany) 

+ 
Fluo-3 

(Sigma-
Aldrich, St 
Louis, MO) 

(NI) The penetration 
lengths of the sealers 
were measured at 8 
points with 45 angles 
either for the initial or 

the retreatment 
sealer. The mean 

penetration depth of 
the sealers was then 
calculated by dividing 
the total value by 8 
for percentage was 
then obtained by 
multiplying the 
number by 100 

Previous root canal treatment affects 
the penetration depth of calcium 

silicate–based sealers. The use of 
AH Plus and MTA Fillapex during the 

retreatment process showed an 
advantage. Both measurement 

techniques showed similar 
performances at the apical region, 
whereas the results varied at the 
coronal and midcoronal regions; 
therefore, a more stable sealer 

penetration measurement technique 
is still necessary 

Eid et al., 
2021 

Materials Evaluate the dentinal 
tubule penetration of 
two calcium silicate-
based sealers used 

in warm vertical 

44 mandibular 
single-rooted 

premolars 

Bio-C Angelus 
(Londrina, PR, Brazil) + 

HiFlow (Brasseler, 
Savannah, GA, USA) 

14 days CLSM  
(Zeiss LSM 710, 

Wetzlar, Germany) 
Wavelength 561 nm  
Magnification 10× 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, St. 
Louis, MO, 

ImageJ software 
(NIH) 

Measure the 
maximum sealer 

penetration depths 
(µm) in the dentinal 

tubules at 4 

Warm vertical compaction enhanced 
the penetration of calcium silicate-

based sealers into the dentinal 
tubules in comparison with the single 

cone technique at both levels 
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compaction 
obturation technique 
in comparison with 

the single cone 
technique by 
confocal laser 

scanning microscopy 

USA) circumferential points 
(12, 3, 6, and 9 

o’clock). The tool 
“distance” was 

applied from the root 
canal surface to the 

deepest extent of the 
visible sealer 

El Hachem et 
al., 2018 

Clinical Oral 
Investigatio

ns 

Assess the dentinal 
tubule penetration of 

three different 
sealers 

96 human 
maxillary central 

incisors 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) + 
EndoSequence BC 

(Brasseler USA, 
Savannah, GA, USA) + 

NTS-based sealer 

14 days  CLSM Zeiss  
(Zeiss, LSM 780, 

Germany) 
Wavelength 514 nm  

Magnification 5× 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

ImageJ software 
program (NIH) 

The images were 
evaluated according 
to the method used 

by Bolles et al., 2013 

BC Sealer and NTS demonstrated 
better tubule penetration results than 

the AH Plus sealer 

Ermis et al., 
2020 

Brazilian 
Dental 

Science 

To evaluate the 
influence of root 

canal filling 
techniques on the 
penetration of an 
endodontic sealer 

into dentinal tubules 
and the Guta 

Percha/sealer ratio 

50 human 
maxillary 
incisors 

AH 26 (Dentsply, 
DeTrey/Germany) 

7 days CLSM (N.I) 
Wavelength 565 nm 

and 605 nm 
Magnification (NI) 

 

0.01% 
Rhodamine 
B (Bereket 

Chemistry Co 
Ltd., Turkey) 

Adobe 
Photoshop 6.0 

software + Image J 
software 

A measurement 
scale LAS-AF 
microscopic 

software (Leica, 
Buffalo Grove, IL, 

USA) at four different 
points in each 

section: canal wall as 
starting point, and 

the deepest 
penetration of the 

sealer as maximum 
depth penetration 

Single cone technique resulted in 
lower sealer penetration than the 

other techniques, which did not differ 
significantly from each other 

Eskander et 
al., 2021 

Australian 
Endodontic 

Journal 

To assess influence 
of 1% phytic acid and 

17% EDTA on the 
dentinal tubules 
penetration of 

EndoSequence 
BC bioceramic-based 

and AH Plus resin-
based sealers 

40 human 
mandibular 

single-rooted 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) + 
EndoSequence BC 
Sealer (Brasseler, 

Savannah, GA, USA) 

(NI) CLSM Leica 
 (TCS-SPII, Germany) 

10 µm sub-surface 
Wavelength 543 and 

590 nm 
Magnification 5x 

 

0.1% 
Rhodamine B 
dye (Sigma-

Aldrich, 
St. Louis, MO, 

USA) 

Image J1.46r 
software 
(USA) 

Measure maximum 
depth of sealer 

penetration using the 
measuring tool at 

four fixed points for 
each specimen, start 
from the canal to its 

maximum 
penetration depth 

Deep sealer penetration is 
achievable with AH Plus and EDTA. 
Phytic acid groups have moderate 

tubular penetration ability 

Eymirli et al., 
2020 

Clinical Oral 
Investigatio

ns 

To evaluate the 
effects of separated 

file fragments of 
nickel-titanium rotary 

systems with 
different cross-

section, taper and 
motion 

characteristics on the 
apical sealer 
penetration 

Distal roots of 
human 

mandibular 
molar  

AH plus (Dentsply De 
Trey, 

Konstanz, Germany) 

14 days CLSM  
(Zeiss LSM 510; Carl 

Zeiss, Jena, Germany) 
Wavelength (NI) 

Magnification (NI) 
 

0.1% 
Rhodamine B 

(Sigma-
Aldrich) 

LSM image 
software 

The sealer 
penetration depths 

into the dentinal 
tubules were 

evaluated for each 
specimen at the 
maximum depth 

using the method 
described by Bolles 

et al., 2013 

In the 1st mm, separated fragments 
ofany system did not allow the 

penetration of the sealer, while it was 
observed 

that the files with constant taper 
showed more positive results in 

terms of sealer penetration at apical 
3rd and 5th mm. 

Ferreira et al., 
2023 

Australian 
Endodontic 

Journal 

To assess by 
confocal laser 
microscope the depth 
of dentinal 
tubule penetration of 

two tricalcium 
silicate-­based 

60 mandibular 
first molars 

AH Plus (Dentsply De 
Trey, 

Konstanz, Germany) + 
Total Fill (Hersteller 

BUSA) + 
Bio-C (Angelus, 

Londrina, PR, Brazil) 

(NI) CLSM  
(LSM 880; Carl Zeiss, 

Oberkochen, 
Germany)  

Wavelength NI 
Magnification 10× and 

20×  

Fluo-3 (ref. 
46393; Sigma-
­Aldrich Brasil, 
Cotia, Brazil) 

Zen.2 
software (Carl 

Zeiss).  
 

The measurement 
was made starting 
from the outer wall of 
the canal to the 
deepest point in 

the dentinal tubule 
where the sealer 

The penetration of Total Fill was 
significantly greater (p < 0.05). The 

CW technique promoted greater 
intratubular penetration, except for 

the BC sealer 
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sealers promoted by 
two obturation 

techniques in curved 
canals compared 

with AHPlus 

could be visualized 

Furtado et al., 
2020 

Microscopy 
Research 
Technique 

To evaluate if 
fluorophore 
(Rhodamine or Fluo-
3) influences the 
CLSM images of 
intratubular 
penetration of four 
endodontic sealers 

80 mandibular 
bovines 

teeth 

AH Plus (Dentsply De 
Trey, Konstanz, 

Germany) + Sealer Plus 
BC (MK Life, Brazil) + 

Endosequence 
(Brasseler, USA) 

 

7 days CLSM Olympus 
Fluoview FV1000 

 (Olympus Corporation, 
Tokyo, Japan) 

Wavelength 494nm 
and 540nm (Rhodamine 

B) 
526 nm and 506 nm 

(Fluo-3) 
Magnification 10×  

Rhodamine B 
(RITC; 

Sigma-Aldrich, 
St. Louis, 

MO); 
Fluo-3 

(Invitrogen, 
Carlsbad) 

 

FluoView 10-ASW 
4.2 program 
(Olympus 

Corporation, 
Tokyo, Japan) 

The total image's 
area was obtained. 

Second, canal 
circumference was 
outlined, and the 
canal area was 

obtained. Then, the 
root canal area 

was subtracted from 
the total image area 

The type of fluorophore influences 
the 

calcium silicate sealers' tubular 
penetration but not of epoxy resin-

based ones using CLSM. Bioceramic 
sealers should not be used 

associated with Rhodamine for 
CLSM 

evaluation 

Garlapati et 
al., 2023 

Journal of 
Conservativ
e Dentistry 

To assess the impact 
of 

nonthermal 
atmospheric plasma 

on the dentinal tubule 
penetration of 

bioceramic and 
epoxy resin-based 
root canal sealers 

40 human 
mandibular 
premolars 

AH Plus (Dentsply De 
Trey, Konstanz, 

Germany) + BioRoot 
RCS 

7 days CLSM  
(Carl Zeiss, 
Germany)  

Wavelength NI 
Magnification 10× and 

20× 

0,1% 
Rhodamine B 

(Sigma-
Aldrich, USA) 

Zeiss Zen software Maximum depth of 
root canal sealer 
penetration was 

measured in 
micrometers (μm) 
from the root canal 
wall to the point of 

deepest sealer 
penetration. 

Nonthermal atmospheric plasma 
application increased the dentinal 

tubule penetration of bioceramic and 
epoxy resin- 

based sealers in comparison to 
groups without nonthermal 

atmospheric plasma application 

Gawdat et al., 
2021 

Australian 
Endodontic 

Journal 

To evaluate the 
sealer penetration 
after applying dual 

rinse irrigant in 
compar- 

ison with sodium 
hypochlorite and 

17% EDTA 

42 human 
mandibular 
premolars 

Well-Root ST (Vericom, 
Gangwon- 
Do, Korea) 

14 days CLSM  
(LSM 800 

with Airyscan; Carl 
Zeiss Microscopy 
GmbH, Jena, Ger- 

many) 
Wavelength 558 and 

575 nm 
Magnification 10× 

Rhodamine B 
dye (Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

LSM Image 
Examiner Software 

(Carl 
Zeiss Micro; 

Imaging GmbH, 
Jena, Germany) 

The sealer 
penetration area was 

calculated by 
subtracting the 

amount of 
root canal space 

from the total area of 
the sealer 

penetration 

NaOCl/Dual Rinse) displayed better 
sealer penetration inside the dentinal 
tubules than Group (NaOCl/EDTA), 
while Group (NaOCl) showed the 

lowest sealer penetration 

Generali et 
al., 2016 

Clinical Oral 
Investigatio

ns 

To evaluate the 
possible correlation 

between sealer 
penetration into 

dentinal 
tubules and sealing 

ability both in 
presence and 

absence of 
smear layer. 

40 maxillary 
central incisors 

Topseal (Dentsply, 
Maillefer) 

7 days CLSM  
(Leica TCS SP2 AOBS, 
Mannheim, Germany) 
Wavelength 540 and 

590 nm 
Magnification 10× 

 

Rhodamine B 
(Carlo Erba 
Reagenti, 

Arese, Italy) 

ImageJ software 
(U.S. National 

Institutes of Health, 
Bethesda, MD, 

USA) 

Making a straight-line 
tool 

of ImageJ software at 
8 standardized points 

starting from the 
inner side of canal 

wall; The percentage 
of sealer penetration 

was calculated by 
measuring the 

rhodamine B-stained 
surfaces of the canal 

wall and dividing 
these values for the 
circumference of the 

root canal itself 

Sealer penetration at 3 and 5mm 
levels was not 

influenced by smear layer while it 
was significantly reduced at 8mm 
level. Fluid filtration rate was not 

correlated either with depth of calcein 
penetration nor with sealer 

penetration into 
dentinal tubules 

Gharib et al., 
2007 

Journal of 
Endodontics 

To assess the sealer- 
dentin interface and 

compare the 
percentage and av- 

erage depth of 
dentinal tubule sealer 

10 maxillary and 
mandibular 

single-rooted 
teeth 

RealSeal (SybronEndo, 
Orange, CA); Tubliseal 

(Kerr, Scafati, Italy) 

3 hours CLSM Zeiss Pascal 
(Carl Zeiss, Göttingen, 

Germany) 
Wavelength 543nm 

Magnification 10× and 
40x 

Rhodamine B 
 (RITC; 

Sigma-Aldrich, 
St Louis, MO) 

Adobe Photoshop 
7.0 (Adobe 
Systems, 

San Jose, CA) 

Sealer penetration 
was measured at 
four standardized 

points on each 
section in a method 
similar to that used 

There was a statistically significant 
lower per- 

centage ofRITC-sealer penetration in 
the apical sections compared with the 
middle and coronal sections and also 
a significantly lower average depth of 
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penetration in the 
coronal, middle and 

apical thirds 

 by Bitter et al. RITC-sealer penetration in the apical 
sections compared with the middle 

and coronal sections. 

Giovarruscio 
et al., 2020 

Iranian 
Endodontic 

Journal 

To compare bacterial 
percolation and 

sealer penetration 
with different 

obturation techniques 

80 human single 
rooted teeth 

AH Plus (Dentsply De 
Trey, Konstanz, 

Germany) + 
Endosequence BC 

(Brassler USA, 
Savannah, GA, USA) 

(NI) CLSM  
(Leica TCS SP, 

Mannheim, Germany) 
Wavelength 540 and 

590 nm 
Magnification 10× 

 

0,1% 
Rhodamine B 

(Sigma-
Aldrich, 

Química SA 
de CV, 
Toluca, 
Mexico) 

LAS AF (Leica, 
Mannheim, 
Germany) 

The penetration of 
the sealer was 

measured from the 
canal wall to a 

maximum depth of 
1000 µm 

The bioceramic showed the deepest 
sealer penetration but did not fully 

prevent bacterial leakage. 

Gu et al., 
2017 

Photomedici
ne and 
Laser 

Surgery 

To compare the 
effectiveness of five 
intracanal agitation 
techniques on the 

penetration of irrigant 
and sealer into 
dentinal tubules 

60 human 
single-rooted 

maxillary 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) 

1 day CLSM  
(Zeiss LSM-Pascal; Carl 

Zeiss, Go¨ttingen, 
Germany) 

Wavelength 543 and 
642 nm 

Magnification 50× and 
70x 

 

0.1% 
fluorescein 

isothiocyanate 
(FITC; Sigma-

Aldrich)  

Zeiss LSM Image 
Examiner software 

(Carl Zeiss) 

Sealer penetration 
into 

dentinal tubules (x70) 
and the percentage 
of penetration into 

dentinal tubules (x50) 
were calculated by 

using a method 
described by Patel et 

al., 2007. 

Nd:YAP laser was superior to other 
agitation techniques in dentinal 

tubule 
penetration of irrigant and sealer at 
one or more sectioned levels from 

the apex. 

Gülmez et al., 
2023 

Endodontol
ogy 

To compare three 
different root canal 
sealers in terms of 
depth, area, and 

percentage of 
penetration into 
dentinal tubules 

60 human 
mandibular 
premolars 

AH Plus (Dentsply  
De Trey, Konstanz, 
Germany) + MTA  
Fillapex (Angelus, 
Londrina, Parana, 
Brazil) + Well Root  

ST (Vericom Dental, 
Korea) 

7 days CLSM (NI) 
Wavelength NI 

Magnification 10× 
 

0.1% 
rhodamine B. 

(Ateks 
Chemistry,  
Istanbul, 
Turkey). 

Photoshop (Adobe 
Systems, Inc., San 

Jose, CA, USA) 

The point from the  
root canal wall to the 

deepest point at 
which sealer could 
be observed was 
measured at four 
predetermined 

points. The total 
penetration depth 
was calculated by 

averaging the data. 
The percentage of 

penetration (%) into 
the dentinal tubules,  

the entire 
circumference of the 

root canal was 
outlined in the 
software and 

measured 

The sealers presented similar 
dentinal penetration area, depth, and 
percentage on the middle and apical 

sections. In the coronal  
section, the values were high within 

three parameters. 

Gunez et al., 
2019 

Microscopy 
Research 
Technique 

To evaluate the 
effect of nonthermal 

plasma 
on dentinal tubule 
penetration of root 
canal sealers using 

confocal laser 
scanning microscopy 

40 mandibular 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) 

7 days CLSM  
(Zeiss LSM 800, Jena, 

Germany) 
Wavelength NI 

Magnification 10× 
 

0.1% 
Rhodamine B 
dye (Merck, 
Germany) 

Zeiss Zen software 
2.3 (Carl Zeiss) 

The maximum depth 
of sealer 
penetration was 
measured from the 
root canal wall to the 
point of deepest 
sealer penetration in 
µM. The percentage 
of sealer penetration 
was measured 
according to the 
method described by 
Gharib et al. 2007 

Endosequence-BC sealer showed 
higher 

maximum tubule penetration values 
than AH-Plus after NP treatment. 

Percentage of dentinal 
tubule penetration values of 

experimental groups was similar. 
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Hassan and 
Roshdy, 2023 

BMC Oral 
Health 

Evaluate the effect of 
various irrigation 
protocols on the 

penetration depth of 
a calcium silicate–
based sealer into 
dentinal tubules 

using confocal laser 
scanning microscopy 

20 single-rooted 
mandibular 
premolars 

TotalFill HiFlow BC 
sealer (FKG Dentaire) 

28 days CLSM (CLSM 880, Carl 
Zeiss, GmbH, Jena, 

Germany) 
Wavelength 559nm 
Magnification 10× 

Fluo-3 
(Thermo 
Fisher 

Scientific, 
USA) 

LSM image 
browser software 
(Carl Zeiss Micro; 
Imaging GmbH, 
Jena, Germany) 

Using the ruler tool in 
the LSM image 
browser software 
package (Carl Zeiss 
Micro; Imaging 
GmbH, Jena, 
Germany), the 
percentage of the 
sealer penetration 
area was calculated 
by subtracting the 
amount of root canal 
space from the total 
area that the sealer 
penetrated; then, the 
values were 
converted into 
percentages. The 
maximum depth of 
penetration (µm) was 
measured from the 
canal wall to the 
point of maximum 
sealer penetration 

With both types of irrigation used, 
dentinal tubule penetration was 

higher in the coronal section than in 
the apical section. Continuous 

chelation using NaOCl/Dual Rinse 
HEDP performed better in the 

coronal segments, while irrigation 
using NaOCl+EDTA promoted a 

higher percentage of sealer 
penetration in the apical segment 

Jeong et al., 
2017 

Journal of 
Endodontics 

Investigate the 
depths of penetration 
of a calcium silicate–

based sealer in 
dentinal tubules by 

using 3 different 
obturation methods 

100 human 
permanent 

anterior teeth 

Smartpastebio 
(Smartseal, Stamford, 

UK) 

14 days CLSM (Leica TCS SP5, 
Wetzlar, Germany) 

Magnification 10× and 
20× 

1 mg Fluo-3 
pentaamonim 

salt (Life 
Technologies, 
Carlsbad, CA) 

LAS AF Software 
(Leica) 

The sealer 
penetration depths in 
the dentinal tubules 
were measured at 

their maximum depth 
and at 4 

circumferential points 
(12, 3, 6, and 9 

o’clock) 
buccolingually and 
mesiodistally for 
each specimen 

The choice of the obturation 
technique used with a calcium 
silicate–based sealer may not 
necessarily influence sealer 

penetration in the apical portion of 
the root canal. Sealer penetration into 

the dentinal tubules occurred 
independent of the obturation 

technique 

Kanmaz and 
Altunbas, 

2022 

Australian 
Endodontic 

Journal 

Evaluate sealer 
penetration after 

calcium hydroxide 
removal from the root 

canals 

60 single-rooted 
mandibular 
premolars 

AH Plus (Dentsply 
DeTrey, GmbH, 

Konstanz, Germany) 

7 days CLSM (Zeiss LSM 510, 
Carl Zeiss MicroImaging 

GmbH, Gottingen, 
Germany) 

Wavelength 543 nm  
Magnification 4× 

0.1% 
fluorescent 

Rhodamine B 
isothiocyanate 

(Merck, 
Darmstadt, 
Germany) 

ImageJ program 
(ImageJ software, 

NIH) 

The maximum depth 
of sealer penetration 
was determined by 

measuring the 
distance from the 
canal wall to the 

deepest penetration 
point along the 

dentinal tubule. The 
sealer penetration 

area was calculated 
by subtracting the 

root canal area from 
the area measured 
by drawing around 
the dentin area in 
which the sealer 
penetrated. The 

percentage of sealer 

EA was significantly more effective 
than PUI in the coronal section for 

the percentage of sealer penetration 
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penetration was 
calculated from the 

ratio of the perimeter 
of the canal wall 

where the sealer had 
penetrated to the 
entire canal wall 
circumference 

Kaplan and 
Erdemir, 2023 

Microscopy, 
Research 

and 
Technique 

Evaluate the effect of 
different irrigation 

activation techniques 
on the dentin tubules 

penetration of two 
different sealers by 

confocal laser 
scanning microscope 

100 premolars AH Plus (Dentsply 
DeTrey GmbH, 

Konstanz, Germany) + 
Totalfill BC (FKG 

Dentaire, La-Chaux-de-
Fonds, Switzerland) 

7 days CLSM Leica TCS-SPE 
(Leica, Mannheim, 

Germany)  
Wavelength 565/605 

nm  
Magnification 10× 

0.1% 
rhodamine B 

(Interlab 
Laboratory 

Products San. 
Ve Tic. A.Ş., 

Istanbul, 
Turkey) 

Photoshop (Adobe 
Systems Inc., San 
Jose, CA, USA) 

The maximum 
penetration 

technique: the 
deepest point of 
penetration was 

measured from the 
root canal wall to the 

point of maximum 
sealer penetration. 

The average 
penetration depth 

was calculated with 
the average of four 

lengths. The 
penetration 
percentage 

technique: The whole 
circumference of the 
root canal wall and 

the areas with sealer 
penetration were 

outlined and 
measured. The 

penetration area of 
the sealer was 
computed by 

subtracting the area 
of root canal space 
from the whole area 

with sealer 
penetration 

While the use of resin or bioceramic-
based root canal sealers did not 

affect dentin tubule penetration, the 
use of activation techniques 

positively affect the dentin tubule 
penetration. The average tubule 
penetration and penetration area 

assessment techniques are suitable 
methods for the investigation of 

dentinal tubule penetration 

Kara and 
Tuncer, 2012 

Journal of 
Endodontics 

Evaluate the effects 
of different solutions 

used for final 
irrigation on sealer 

penetration into 
dentinal tubules 

32 human 
mandibular 
premolars 

AH 26 (Dentsply; 
DeTrey, Konstanz, 

Germany) 

1 day CLSM Leica TCS-SPE 
(Leica, Mannheim, 

Germany) 
Magnification (NI) 

 

0.1% 
fluorescent 

rhodamine B 
isothiocyanate 

(Bereket 
Chemical 
Industry, 
Istanbul, 
Turkey) 

Photoshop (Adobe 
Systems, Inc, San 

Jose, CA) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

Final irrigation with EDTA, MA, and 
CA after the use of NaOCl affected 

sealer penetration 

Karadag et 
al., 2004 

Journal of 
Contempora

ry Dental 
Practice 

Compare the 
cleaning efficacy of 
passive ultrasonic 
activation using an 

ethylenediamine tetra 
acetic acid chelating 
agent and to discuss 

42 single-rooted 
anterior human 

teeth 

AH 26 (De-Trey, 
Switzerland) + Endion 

(Voco-Germany) 

10 days SEM 
 (Jeol 6400, Noran 

Instruments)  
Magnification 2500× 

(NI) (NI) Low and high power 
electron 

photomicrographs 
were obtained of the 
coronal, middle, and 
apical thirds of each 
root. The focus of 

The resin-based sealer penetrated 
into dentinal tubules better then the 

glass ionomer sealer 
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the dentin tubule 
penetration of two 
different sealers 

observation was the 
interface between the 
dentin and the sealer 

material 
Karobari et 
al., 2023 

Public 
Library of 
Science 

One 

Analyse the dentinal 
tubule penetration 

and adhesive 
pattern, including the 

push-out bond 
strength of six 
commercially 

available root canal 
sealers 

84 mandibular 
first premolars 

iRoot SP (Innovative 
BioCeramix, North 

Fraser Way Burnaby, 
Canada) + Dia-Root 

(DiaDent, 
Chungcheongbuk-do, 

Korea) + CeraSeal 
(Meta Biomed, Korea) + 

BioRoot RCS 
(Septodont, Saint-Maur-

des-Fosse´s Cedex, 
France) + One-fil 

(Mediclus, Chungbuk, 
Korea) + AH Plus 

(Densply, Konstanz 
Germany) 

3 days CLSM  
(Leica, Microsystem 

Heidel GmbH, Version 
2.00 build 0585, 

Germany) 
Magnification 10× 

1% of 
rhodamine B 
dye (Sigma 

Aldrich Co., St 
Louis, MO, 

USA) 

Leica 
(Microsystem 
Heidel GmbH, 

Version 2.00 build 
0585, Germany) 

software 

Penetration of sealer 
in the dentinal tubule 

was measured in 
each sample using 
Leica software to 
measure the most 

extended penetration 
depth of sealer in 

each sample 

The highest dentinal tubule 
penetration was shown by One-Fil 

compared to other groups 

Keles et al., 
2023 

Australian 
Endodontic 

Journal 

Evaluate the 
influence of different 
activation techniques 

on dentin tubule 
penetration of root 

canal sealer 

75 teeth with 
single canals 

Sure-Seal RootTM 
(Gyeonggi-do, South 

Korea) 

7 days CLSM (LSM Pascal, 
Carl Zeiss, Jena, 

Germany) 
Magnification (NI) 

 

0.1% 
Rhodamine B 

dye 

LSM Image 
Examiner 

(Carl Zeiss, 
Germany) 

To measure the 
percentage of sealer 

penetration, four 
different depth levels; 
50, 100, 200 and 500 

μm from the canal 
wall to the cementum 
were determined and 
the circumference of 
sealer penetration 
areas were drawn 
with the software 
program for every 

level of depth 

XP-Endo Finisher can be 
recommended for activation during 

sealer placement for better 
penetration into dentin tubules 

Kesim et al., 
2018 

Naregian 
Journal of 

Clinical 
Practice  

Compare the 
effectiveness of final 

irrigation with 
chitosan, 

ethylenediaminetetra
acetic acid, and citric 
acid on a resin-based 

sealer penetration 
into dentinal tubules 
using confocal laser 
scanning microscopy 

70 human 
mandibular 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) 

3 days CLSM (Zeiss LSM 700, 
Oberkochen, Germany) 

Magnification 10× 

0.1% 
rhodamine B 

isothiocyanate 
(Bereket 
Chemical 
Industry, 
Istanbul, 
Turkey) 

ImageJ software 
(National Institutes 

of Health, 
Bethesda, MD, 

USA) 

The circumference of 
the root canal wall 
was outlined and 

measured with the 
ImageJ software 
measuring tool. 

Then, areas along 
the canal walls in 
which the sealer 

penetrated dentinal 
tubules were outlined 

and measured 

Chitosan, EDTA, and CA significantly 
improved the percentage of sealer 

penetration for coronal thirds 

Keskin and 
Ciloglu, 2021 

Photodiagn
osis and 

Photodyna
mic Therapy 

Evaluate the efficacy 
of aPDT and LAI on 

dentinal tubule 
penetration of MTA-

based root canal 
sealer 

40 single-rooted 
mandibular 
premolars 

MTA Fillapex (Angelus 
Dental Solutions, 

Londrina, PR, Brazil) 

7 days CLSM (Leica TCS SPE; 
Leica Microsystems 
GmbH, Mannheim, 

Germany) 
Wavelength 540/590 

nm  
Magnification 5× 

0.1% 
Rhodamine B 
dye (Merck, 
Darmstadt, 
Germany)  

Image J software 
(National Institutes 

of Health, 
Bethesda, MD, 

USA) 

Maximum depths of 
sealer penetration 

were recorded, and 
the mean depth of 
penetration was 
calculated at four 

circumferential points 
(3, 6, 9, and 12 
o’clock) for each 

Antimicrobial photodynamic therapy 
(aPDT) could enhance the 

penetration of MTA-based root canal 
sealer into dentin tubules 
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specimen. The 
percent of sealer 

penetrated area was 
calculated based on 
the total area of the 

slice 
Khader, 2016 Journal of 

International 
Oral Health 

Compare the 
penetration depth of 

three root canal 
sealers most 

commonly available 
with different 

compositions using 
SEM 

30 single-rooted 
mandibular 
premolars 

AH Plus (Dentsply, New 
Delhi, India) + TubliSeal 
(Kerr Dental, New Delhi, 

India) + Apexit Plus 
(Ivoclar Vivadent, New 

Delhi, India) 

15 days SEM (NI)  
Magnification (NI) 

 

(NI) (NI) Three different sites 
on the middle third of 

the root were 
observed and the 

maximum 
penetration depth of 
the sealer into the 

dentinal tubules was 
measured at these 
sites and tabulated 

Zinc oxide eugenol-based sealer 
shows less depth of penetration as 
compared to the calcium hydroxide-
based sealer and resin-based sealer 

Kim et al., 
2019 

Materials Compare the 
penetration ability of 
calcium silicate root 
canal sealers and 

conventional resin-
based sealer using 

confocal laser 
scanning microscopy 

60 single-rooted 
human 

premolars 

AH Plus (Dentsply 
DeTrey GmbH, 

Konstanz, Germany) + 
BioRoot RCS 

(Septodont, Saint-Maur-
des-Fossés Cedex, 
France) + Endoseal 

MTA (Maruchi, Wonju, 
Korea) 

7 days CLSM  
(LSM 800 with Airyscan; 
Carl Zeiss Microscopy 

GmbH, Jena, Germany) 
Wavelength 
558/575nm  

Magnification 10× 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

ZEN imaging 
software (Carl 

Zeiss Microscopy 
GmbH) 

The deepest dentinal 
tubule penetration 

length of each sealer 
and the patterns of 

sealer penetration in 
dentinal tubules were 
calculated using ZEN 
lite 2012 (Carl Zeiss 
Microscopy GmbH, 

Jena, Germany) 

The maximum sealer penetration 
distance was higher at the apical 

third in the AH Plus group compared 
with BioRoot RCS and Endoseal 

MTA, and similar sealer penetration 
was observed at the middle and 
coronal third when comparing 

between AH Plus and BioRoot RCS 

Kok et al., 
2012 

Microscopy, 
Research 

and 
Technique 

Evaluate the 
penetration of 

endodontic sealer 
into the dentin 

tubules, the integrity 
of the sealer layer 
perimeter, and the 
sealer area at the 
apical third after 
different filling 
techniques by 
confocal laser 

scanning microscopy 

45 mandibular 
premolars 

AH Plus (Dentsply 
Maillefer, Ballaigues, 

Switzerland) 

14 days CLSM Olympus 
Fluoview 1000 

(Olympus Corporation, 
Tokyo, Japan) 

Magnification 10× 

0.1% 
Rhodamine B 
(RITC; Sigma-

Aldrich, St. 
Louis, MO) 

ImageTool 3.0 
software 

(UTHSCSA, 
Texas) 

To obtain the sealer 
area, the lasso tool 

outlined and 
measured the canal 

circumference; 
thereafter the same 

tool outlined and 
measured the gutta-

percha area. By 
subtracting these 
values, the sealer 

area was obtained. 
To analyze 

endodontic sealer 
penetration into 

dentinal tubules, the 
total dentin area 

(100%) was 
measured and, then, 

it was subtracted 
from the dentin 

nonimpregnated area 

The dentin-impregnated area was not 
dependent on the root canal filling 

technique. Single master cone, cold 
lateral condensation and Thermafil 

techniques presented integrity of the 
sealer perimeter close to 100% and 
Thermafil resulted in a significantly 

thinner sealer layer 

Kuci et al., 
2014 

Journal of 
Endodontics 

Test the dentinal 
tubule penetration of 

AH26 and MTA 
Fillapex in 

instrumented root 
canals obturated by 

using cold lateral 

45 single-rooted 
human 

mandibular 
premolars 

MTA Fillapex (Angelus, 
Londrina, PR, Brazil) + 

AH 26 (Dentsply 
DeTrey, Konstanz, 

Germany) 

2 days  CLSM  
(Carl Zeiss LSM 510 

Meta; Carl Zeiss 
Mikroskopie, Jena, 

Germany) 
Wavelength 575nm  

Magnification 10× and 

0.1% 
Rhodamine B 
(Alfa Aesar, 
Karlsruhe, 
Germany) 

ZEN 2008 software 
(Zen Software Ltd, 

Manchester, 
England) 

Considering the 
canal wall as the 
starting point, the 
maximum depth of 

sealer penetration in 
the dentinal tubules 
was measured and 

Greater sealer penetration could be 
achieved with either the MTA 

Fillapex–cold lateral compaction 
combination or with the AH26–warm 

vertical compaction combination 
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compaction or warm 
vertical compaction 
techniques in either 

the presence or 
absence of the 

smear layer 

63× recorded on 10 
different points in 

each mesial, distal, 
buccal, and lingual 

site 

Martins et al., 
2022 

Clinical Oral 
Investigatio

ns 

Investigate the 
penetration of 

endodontic sealers 
into the dentinal 

tubules after 
retreatment using 

two diferent 
obturation techniques 

30 mandibular 
premolars 

Bio-C (Angelus, 
Londrina, PR, Brazil) 

30 days CLSM (Leica TCS-SPE; 
Leica, Mannheim, 

Germany)  
Wavelength 559nm 
Magnification (NI) 

  
 

Fluo-3 
(Thermo 
Fisher 

Scientifc, 
Waltham, MA, 

USA) 

ImageJ v1.46r 
software (National 
Institutes of Health, 

Bethesda, MD, 
USA) 

The total 
circumference of the 
canal was measured. 
Then, the segments 
of this circumference 

whose dentinal 
tubules were 

penetrated by the 
Fluo-3-labeled sealer 
were measured as a 
proportion of the total 
circumference, and 

the values were 
converted to 

percentages. In 
addition, the 

maximum extent to 
which the sealer had 

penetrated the 
dentinal tubules was 
measured for each 

tooth segment 

The lateral condensation technique 
promoted a higher percentage of 

canal circumference penetrated by 
the sealer than the single-cone 

technique in the apical segment after 
endodontic retreatment 

McMichael et 
al., 2016 

Journal of 
Endodontics 

Measure the tubule 
penetration with 

sealers using 
continuous wave and 

single-cone 
obturation techniques 

80 single-rooted 
human teeth 

(including 
bicuspids, 

canines, and 
incisors) 

BC Sealer (Brasseler 
USA, Savannah, GA) + 
MTA Fillapex (Angelus, 

Londrina, Brazil) +  
NeoMTA Plus (Avalon 

Biomed, Bradenton, FL) 
+ QuickSet2 (Avalon 

Biomed, Bradenton, FL) 

14 days CLSM  
(TCS SP5; Leica, 

Mannheim, Germany)  
Magnification 5× 

Rhodamine 
dye 

NIS-Elements Br 
3.0 imaging 

software (Nikon, 
Tokyo, Japan) 

The images were 
evaluated according 
to the method used 

by Bolles et al., 2013 

The continuous wave and single-
cone techniques produced similar 

tubule penetration at both the 1-mm 
and the 5-mm level with the 

tricalcium silicate sealers BC Sealer, 
QuickSet2, and NeoMTA Plus 

 
 

Mokashi et 
al., 2021 

Journal of 
Conservativ
e Dentistry 

Evaluate and 
compare the depth of 

radicular dentinal 
tubule penetration of 

five root canal 
sealers using 
confocal laser 

scanning microscopy 

50 single-rooted 
maxillary 

anterior teeth 

ZOE (Prime Dental 
Products) + EndoREZ 
(Ultradent) + Sealapex 

(SybronEndo) + AH 
Plus (Dentsply 

Maillefer) + MTA 
Fillapex (Angelus) 

7 days CLSM Zeiss (LSM 780 
confocal LSM Germany) 

Magnification 20× 

Rhodamine B 
isothiocyanate 

(Chemaux 
Private Ltd., 

Mumbai, 
Maharashtra, 

India) 

ZEN 2.1 software 
(Carl Zeiss 

Misroscopy GmbH, 
Jena, Germany) 

Using the ruler tool of 
the software, 

penetration depths 
were measured and 

recorded at 4 
standardized points 
in each section. A 
mean of all four 

depths was 
representative of the 

mean penetration 
depth for that 

section. The mean of 
10 such sections was 
the mean penetration 
depth for that group 

at the respective 
level 

While AH Plus and MTA-Fillapex 
showed the highest penetration into 
radicular dentinal tubules, ZOE and 
Sealapex demonstrated the least 

penetration 
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Moon et al., 
2010 

Journal of 
Endodontics 

Evaluate the effect of 
different final 

irrigation regimens 
on the sealer 

penetration into 
dentinal tubules of 
curved root canals 

45 maxillary and 
mandibular 

molars 

AH Plus (Dentsply, 
DeTrey, Konstanz, 

Germany) 

1 day CLSM  
(Zeiss LSM-Pascal; Carl 

Zeiss, Gottingen, 
Germany) 

Wavelength 543nm  
Magnification 50× 

 

0.1% 
Rhodamine B 
isothiocyanate 
dye (Sigma-
Aldrich, St 
Louis, MO) 

Zeiss LSM Image 
Examiner software 

(Carl Zeiss) 

The percentage of 
the sealer 

penetration was 
obtained in a method 
similar to that used 

by Gharib et al 2007 

In curved canal, final rinse with 
NaOCl after the use of EDTA had no 
additional effect on sealer penetration 

Moon et al., 
2012 

Journal of 
Endodontics 

Investigate the 
efficacy of laser-

activated irrigation of 
1320-nm 

neodymium-
doped:yttrium-

aluminum-garnet 
(Nd:YAG) laser on 
sealer penetration 

into dentinal tubules 
in the presence of 

5.25% sodium 
hypochlorite or 17% 
ethylenediaminetetra

acetic acid 

63 human 
molars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) 

1 day CLSM  
(Zeiss LSM-Pascal; Carl 

Zeiss, Gottingen, 
Germany) 

Wavelength 543nm  
Magnification 50× 

 

0.1% 
Rhodamine B 
isothiocyanate 
(SigmaAldrich, 
St Louis, MO) 

Zeiss LSM Image 
Examiner software 

(Carl Zeiss) 

The percentage of 
the sealer 

penetration was 
determined by the 

similar method 
described by Gharib 
et al 2007 and Moon 

et al 2010 

1320-nm Nd:YAG LAI with either 
NaOCl or EDTA was much better 

than using NaOCl irrigation alone and 
as effective as EDTA final flush for 

sealer penetration into dentinal 
tubules of curved canals. Particularly, 
sealer penetration was enhanced by 
laser application in NaOCl solution 

Nikhil et al., 
2015 

Journal of 
Conservativ
e Dentistry 

Compare the effect 
of three root canal 
sealer activation 
techniques on 

percentage and 
depth of sealer 

penetration of MTA 
Fillapex and AH Plus 

sealers 

60 human 
permanent 

maxillary central 
incisors with 
single canal 

AH Plus (Denstply, 
Konstanz, Germany) + 
MTA Fillapex (Angelus, 

Londrina, PR, Brazil)  

2 days CLSM  
(Olympus Fluoview FV 

1000) 
Wavelength 
540/590nm  

Magnification 10× 
 

0.1% 
Rhodamine B 

(Mayor 
Diagnostics, 

Mumbai, 
India) 

IOB software The circumference of 
root canal and areas 
along the canal walls 
in which the sealer 
penetrated were 

measured using its 
ruler tool. To 
determine the 

maximum depth of 
penetration, the point 

of deepest 
penetration was 

measured from the 
canal wall to the 

maximum depth of 
penetration 

MTA Fillapex sealer exhibited better 
percentage and depth of penetration 
in the radicular dentinal tubules than 

AH Plus 

Oksan et al., 
1993 

International 
Endodontic 

Journal 

Evaluate the effect of 
smear layer on 

penetration of four 
root canal sealers 

into dentinal tubules 

64 human 
maxillary and 
mandibular 

incisors 

Diaket (Espe Gmbh, 
Seefeld, Germany) + N2 
Universal (Indrag Agsa 

SA, Losone, 
Switzerland) +  SPAD 

(SPAD, Quetigny, 
France) + Forfenan 

(Septodont, St Maur, 
France) 

2 days Cambridge Stereoscan 
S-410 electron 

microscope 
(Cambridge, UK) 

Magnification 1600× 
 

(NI) (NI) The penetration into 
tubules in each third 
ofthe root canal was 
graded as follows 0: 
no penetration, 1: 1-
20 microns; 2: 21-40 

microns; 3; 41-60 
microns; and 4; more 
than 60 microns. The 
mean of 10 readings 

(representing 
maximum 

penetration) was 
taken in each part of 

the root canal 

The presence of smear layer 
prevented the penetration of root 
canal filling materials used in this 

study into dentinal tubules. After the 
removal of smear layer, the 

penetration into dentinal tubules was 
better with Diaket, N2 Universal and 

SPAD, but not with Forfenan. 
Chemical and physical properties of 
the root canal filling materials may 

aflect tubular penetration in the 
absence of smear layer 
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Oliveira et al., 
2017 

Brazilian 
Oral 

Research 

Compare two 
irrigation techniques 
and four devices for 
endodontic sealer 
placement into the 

dentinal tubules 

99 single-rooted 
human teeth 

AH Plus (De Trey, 
Konstanz, Germany) 

1 day CLSM: Eclipse Ti in 
resonance mode A1R+ 
(Nikon, Tokyo, Japan)  

Magnification 20× 
 

SEM: JSM-6010LA 
(Jeol, Tokyo, Japan) 
Magnification (NI) 

 

0.1% 
Rhodamine B 
isothiocyanate 
dye (Sigma-
Aldrich, St 

Louis, USA) 

ImageJ software The maximum sealer 
penetration was 

measured from the 
canal wall to the 
point of deepest 

penetration in the 
dentinal tubules. 
Areas along the 

canal walls in which 
the sealer had 

penetrated were 
outlined and 
measured 

independent of the 
distance. The area 
outlined by sealer 
penetration was 

divided by the total 
area along the canal 

to determine the 
percentage of sealer 

penetration 

Better sealer penetration was 
observed at the distance of 5 mm 
from the apex. Sealer penetration 

into the dentinal tubules was 
significantly improved by sonic 

irrigant activation 

Ordinola-
Zapata et al., 

2009 

Oral 
surgery, 

oral 
medicine, 

oral 
pathology, 

oral 
radiology 

and 
endodontolo

gy 

Compare the depth 
and percentage of 

dentinal tubule sealer 
penetration with 3 
root canal sealers 

and laterally 
compacted gutta-

percha using CLSM 
as the evaluative tool 

30 maxillary 
single-rooted 

Sealer 26 (Dentsply, 
Petrópolis, RJ, Brazil) + 

Sealapex (Sybron 
Endo, Orange, CA) + 

GuttaFlow 
(Coltene/Whaledent, 

Altstätten, Switzerland) 

(NI) CLSM Leica TCS-SPE 
(Leica, Mannheim, 

Germany)  
Wavelength 
540/590nm   

Magnification 5×,40× 
and 63× 

Rhodamine B 
(Sigma-

Aldrich, St. 
Louis, MO) 

LAS-AF software 
(Leica) and Image 
Tool software v.3 
(The University of 

Texas Health 
Science Center at 
San Antonio, San 
Antonio, TX, USA) 

Depth of sealer 
penetration was 
measured and 
recorded at 4 

standardized points 

of each 5 picture. 
To determine sealer 

penetration 
percentage around 

the root canal, 
images were 

imported into Image 
Tool software. The 

circumference of the 
root canal wall was 
measured. Areas 
where the sealer 

penetrated dentinal 
tubules were outlined 
and measured using 
the same method. 
The percentage of 
root canal wall with 

sealer penetration in 

each section was 
then calculated 

Depth of penetration of root canal 
sealers into dentinal tubules using 
the lateral compaction technique is 
influenced by the type of sealer and 

by the root canal level, with 
penetration decreasing apically. The 
percentage of sealer adaptation into 
the root canal walls was similar in the 

3 groups analyzed 

Ortiz-Blanco 
et al., 2022 

Journal of 
Functional 

Biomaterials 

Evaluate the 
intratubular 

penetration of three 
bioceramic sealers in 

root canal 
retreatment 

30 single-rooted 
human teeth 

CeraSeal (Meta Biomed 
Co., Cheongju, Korea) + 

TotalFill BC Sealer 
(FKG, Munich, 

Germany) + TotalFill BC 
Sealer HiFlow (FKG, 
Munich, Germany) 

14 days CLSM Leica TCS SP8 
(Leica Microsystems 

GmbH, Wetzlar, 
Germany) 

Wavelength 
543/578nm   

Magnification 10× 

0.1%  
Rhodamine B 

fluorescein 

ImageJ v1.53a 
software (National 
Institutes of Health, 

Bethesda, MD, 
USA) 

The images were 
evaluated according 
to the method used 

by Egemen et al 
2022 

The penetration depth and 
percentage of penetration around the 
canal perimeter at both the root canal 

treatment and retreatment were 
significantly reduced from the coronal 

to apical points in all groups 
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Osiri et al., 
2018 

Journal of 
Endodontics 

Evaluate root 
reinforcement of a 

bioceramic 
cone/sealer by 

investigating the 
fracture resistance, 

push-out bond 
strength, sealer 
penetration, and 

modulus of elasticity 
in comparison with 

gutta-percha/AH Plus 

84 roots 
bilateral 

mandibular 
premolars 

TotalFill (FKG Dentaire 
SA, La Chaux-de-

Fonds, Switzerland) + 
AH Plus (Dentsply 

Maillefer, Tulsa, OK) 

7 days CLSM  
(FV10i-DOC; Olympus, 

Tokyo, Japan) 
Magnification 10× 

 

0.1% 
Rhodamine B 
isothiocyanate 

(Chem-
Supply, City of 
Port Adelaide 
Enfield, Port 

Adelaide, 
Australia) 

FV10-ASW 4.2 
viewer software 

(Olympus FV10i-
DOC) + 

Image J software 
(National Institutes 

of Health, 
Bethesda, MD) 

The images were 
evaluated with both 

measure tools 
software’s  

BCC/BCS provided a higher bond 
strength, maximum depth, and 

circumferential penetration at the 
apical root level as well as a greater 
sealer penetration area at all levels 

compared with GP/AH 

Ozasir et al., 
2021 

Wiley 
Hindawi 

Evaluated the effects 
of different final 

irrigation regimens 
on the dentin tubule 
penetration of three 
different root canal 

sealers using 
confocal laser 

scanning microscopy 

160 single-
rooted 

mandibular 
premolars 

AH Plus (Dentsply 
Maillefer, Ballaigus, 

Switzerland) + 
EndoREZ (Ultradent 
Products, Inc., South 
Jordan, UT) + Tech 

BioSealer Endo (Isasan, 
Rovello Porro, Italy) 

7 days CLSM (Zeiss LSM 510, 
Carl Zeiss, Göttingen, 

Germany) 
Wavelength 514nm 
Magnification 10× 

 

0.1% 
fluorescent 

rhodamine B 
isothiocyanate 

(Merck 
Chemistry) 

Zeiss LSM Image 
Browser (Carl 
Zeiss Micro 

Imaging, GmbH, 
Germany) 

The images were 
evaluated for 

measures with Zeiss 
LSM Image Browser 

AH Plus showed the greatest tubule 
penetration while Tech BioSealer 

Endo showed the least. Resin-based 
sealers displayed deeper and more 

consistent penetration 

Ozdemir et 

al., 2021 
Australian 
Endodontic 

Journal 

Evaluate dentinal 
tubule penetration of 
the root canal filling 

material using 
various techniques 

45 human 
mandibular 
premolars 

AH Plus Jet (Dentsply 
DeTrey, Konstanz, 

Germany) 

7 days CLSM (Zeiss LSM 510, 
Carl Zeiss, Gottingen, 

Germany) 
Wavelength 
543/740nm 

Magnification 10× 
 

0.1%  
rhodamine B 

isothiocyanate 
(RB, Merck, 

KGaA, 
Darmstadt, 
Germany) 

ImageJ (NIH) 
 

The total penetration 
area was determined 

using the software 
program’s ‘freehand 
selection’ tool. The 

maximum 
penetration length 

was measured, 
including both 

dimensions between 
the canal wall and 
the external root 
surface for the 

deepest penetration 
point using the 
‘measuring’ tool 

All tested methods demonstrated 
similar tubule penetration area 

capability 

Ozlek et al., 
2020 

European 
Endodontic 

Journal 

Investigate the 
influence of sonic 
agitation or laser-
activated irrigation 
techniques on the 

removal 
chlorhexidine and 

modified triple 
antibiotic paste on 

the sealer 
penetration depth 

and dislocation 
resistance of 

Guttaflow Bioseal 

96 single-rooted 
mandibular 
premolars 

GuttaFlow Bioseal 
(Coltène/Whaledent, 
Langenau, Germany) 

15 days CLSM (NI) 
Magnification (NI) 

 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

NIS-Elements 
Microscope 

Imaging software 

The measurements 
were recorded using 
the digital ruler of the 

NIS-Elements 
Microscope Imaging 

software 

The dentinal tubule penetration of 
GuttaFlow Bioseal was influenced by 
the final irrigation techniques used to 
remove intracanal medicaments, but 

not by the type of intracanal 
medicaments. Er,Cr;YSGG laser 
significantly increased the sealer 

penetration and dislocation 
resistance of the sealer compared to 

sonic agitation and syringe-and-
needle irrigation 
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Pantoja et al., 
2021 

Brazilian 
Journal of 

Oral 
Science  

Evaluate the effect of 
ethanol-conditioned 

dentin on endodontic 
sealer penetration 

into dentinal tubules 
by confocal laser 

scanning microscopy 

40 human 
maxillary 

anterior teeth 

AH Plus (Dentsply, 
Konstanz, Germany) 

1 day CLSM Leica TCS-SPE 
(Leica, Mannheim, 

Germany)  
Magnification (NI) 

 
 

0.1% 
Rhodamine B 

(Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

Image J software The images were 
evaluated for 
measure of 

percentage of root 
canal wall coverage, 
maximum depth of 
sealer penetration, 

percentage of 
penetrated area with 
the Image J software 

measuring tool  

Ethanol-conditioned dentin improved 
the penetration of resin-based sealer 
into dentinal tubules, especially at the 

concentration of 100% 

Patel et al., 
2007 

International 
Endodontic 

Journal  

Compare penetration 
depth into dentinal 
tubules of RealSeal 
with that of a well-

established 
endodontic sealer by 
means of confocal 

microscopy 

20 human, 
single-rooted 

premolars 

Tubliseal (Kerr, Scafati, 
Italy) + RealSeal 

(SybronEndo, Orange, 
CA, USA) 

2 days CLSM Tandem  
(Noran Instruments, 
Middleton, WI, USA) 

Wavelength 
546/600nm  

Magnification 20× 
 

Rhodamine B 
dye (Sigma-
Aldrich, St 

Louis State, 
MO, USA) 

(NI) The deepest 
penetration of the 

sealer into the 
dentinal tubules was 

measured and 
recorded for each 
one of the thirds 
(coronal, middle, 

apical) of each of the 
samples using the 
appropriate filters 

RealSeal sealer had a greater 
penetrative depth than Tubliseal 

Pedrinha et 
al., 2021 

Journal of 
Clinical and 
Experiment
al Dentistry 

Evaluated the effects 
of several epoxy 

resin-based sealer 
compositions on 

bond strength and 
intratubular dentin 
penetration of the 

endodontic 
obturation, in root 
canal previously 

treated with calcium 
hydroxide intracanal 

medication and 
removed by 

continuous ultrasonic 
irrigation 

45 maxillary 
canines 

AH Plus (Dentsply 
DeTrey, Konstanz, 
Germany) + Adseal 

(Meta, Biomed, 
Cheongju, South Korea) 
+ Sealer Plus (MK Life, 

Porto Alegre, RS, 
Brazil) 

7 days CLSM Leica TCS-SPE 
(Leica Microsystems 
GmbH, Mannheim, 

Germany) 
Magnification 100× 

 

0.01% 
Rhodamine B 
dye (Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

Leica Application 
Suite-Advanced 
Fluorescence 

(Leica Mannheim, 
Germany) software 

The images were 
evaluated according 
to the method used 

by Ramos et al 2018 

AHP has the highest bond strength in 
middle and apical radicular thirds, 
after calcium hydroxide intracanal 

medication removal using continuous 
ultrasonic irrigation, although 

intratubular dentin infiltration being 
similar among epoxy resin-based 

sealer with several chemical 
composition 

 
 

Pérez-
Alfayate et al., 

2021 

Applied 
Sciences 

Determine the 
influence of sonic 
activation in the 
tubular dentine 
penetration of 

bioceramic sealers 

40 mesiobuccal 
curved root 
canals of 

mandibular 
molars 

EndoSequence BC 
(Brasseler USA, 

Savannah, GA, USA) 

(NI) CLSM (Leica TCS SP5; 
Leica Microsystems 
GmbH, Mannheim, 

Germany) 
Wavelength 
540/590nm  

Magnification 10× 

0.1% 
Fluorescent 

Rhodamine-B 

Adobe Photoshop 
CS6 (Adobe 

Systems, San 
Jose, CA, USA) 

To evaluate the 
percentage of sealer 

penetration, each 
root canal wall’s 

circumference was 
traced and 

measured. All the 
areas along the canal 

walls where the 
sealer penetrated the 
tubules were outlined 
and measured. The 
measured distance 
was divided by the 
circumference to 

calculate the 
percentage of sealer 

The sonic activation of bioceramic 
cement resulted in higher sealer 
penetration into dentinal tubules 
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penetration. To 
describe the 

maximum depth 
penetration of the BC 

sealer, the point of 
maximum length 
penetration was 

traced 
Piai et al., 

2018 
Microscopy, 
Research 

and 
Technique 

Evaluate the 
penetration of a new 

endodontic sealer 
into the dentinal 

tubules 

20 single-rooted 
teeth 

AH Plus (Dentsply 
Maillefer, Ballaigues, 
Switzerland) + Sealer 
Plus (MK Life, Porto 
Alegre, RS, Brasil) 

7 days CLSM (Leica 
Microsystens, 

Mannheim, Germany) 
Wavelength 
545/740nm  

Magnification 10× 

0.01% 
Rhodamine B 

ImageJ V1.46r 
software (US 

National 
Swizterland) 

The tool “distance” 
was used to measure 

the longest sealer 
penetration point 

between canal wall 
and the external root 

surface at four 
dimensions. 

Freehand line 
selection tool 

outlined the root 
canal and endodontic 
sealer perimeter, and 
so, the integrity of the 
sealer perimeter was 

calculated 

SP presented dentinal penetrability 
and perimeter integrity like those 
achieved with AP. The root canal 

level affected the penetration of the 
sealer 

Pirani et al., 
2021 

Australian 
Endodontic 

Journal 

Evaluated tubule 
penetration of 

GuttaFlow Bioseal 
with cold single cone 

or carrier-based 
technique, under 

confocal laser 
scanning microscopy 

20 straight 
single-rooted 

teeth 

GuttaFlow Bioseal 
(Coltene/Whaledent, 

Altstatten, Switzerland)  

14 days CLSM (Leica TCS SP8 
AOBS, Mannheim, 

Germany) 
Magnification 10× 

0.1% 
Rhodamine B 

dye (Carlo 
Erba 

Reagenti, 
Arese, Italy) 

Fiji software 
(National Institutes 

of Health, 
Bethesda, MD) 

Image mosaics were 
merged using the 
Navigator tool to 
measure depth of 
sealer penetration, 

point of deepest 
penetration, 

percentage of sealer 
penetration and 

integrity of sealer 
layer perimeter 

Warm carrier-based obturation 
technique does not seem to affect the 

bioactive sealer penetration when 
compared to single-cone cold 

technique 

Ragab and 
Sharaan, 

2022 

European 
Endodontic 

Journal 

Assess penetration 
of AH Plus, MTA 

Fillapex and 
GuttaFlow Bioseal 

sealers into dentinal 
tubules after 

placement and 
removal of silicone oil 
using Confocal Laser 
Scanning Microscopy 

60 single-
canaled 

premolars 

AH Plus (Dentsply 
Maillefer, Ballaigues, 
Switzerland) + MTA 
Fillapex (Angelus, 

Londrina, PR, Brazil) + 
GuttaFlow Bioseal 

(Coltène/Whaledent 
AG, Altstatten, 
Switzerland) 

7 days CLSM (Carl Zeiss LSM 
510 Meta; Carl Zeiss 
Mikroskopie, Jena, 

Germany) 
Wavelength 570nm  
Magnification 10× 

0.1% 
fluorescent 

Rhodamine B 
isothiocyanate 

(Sigma-
Aldrich, St. 
Louis, MO, 

USA) 

ImageJ software 
(National Institute 

of Health, 
Bethesda, MD) 

The highest depth of 
sealer penetration 
was calculated in 

microns at 4 
locations after scale 
calibration in μm. It 
was measured from 
the outer surface of 
the root canal to the 

periphery of the 
section. Mean 

calculation of the four 
measurements 

denoted the sealer 
penetration in each 

specimen 

During instrument’s retrieval, using 
silicone oil might affect penetration of 
the sealer into the dentinal tubules. 
When the oil must be used during 

treatment it is better to use AH plus 
sealer as it displayed a deeper sealer 
penetration than the tested sealers. 

Apical third showed the least depth of 
sealer penetration irrespective of the 

type used 

Reynolds et 
al., 2020 

Australian 
Endodontic 

Journal 

Compared the depth 
and percentage of 

dentinal tubule 
penetration for 

50 mature 
single-canaled 
human teeth 

(including 

EndoSequence BC 
Sealer / HiFlow 

(BCSHF) (Brasseler, 
USA) + 2Seal easymix 

14 days CLSM Leica TCS SP5 
(Leica, Mannheim, 

Germany) 
Magnification 5× 

Rhodamine B 
fluorescent 

dye 
(SigmaAldrich 

ImageJ software To calculate the 
percentage of sealer 

penetration, the 
portions of the canal 

The dentinal tubule penetration was 
not influenced by the tested 

obturation techniques and the tested 
sealers. For each sealer type and 
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single-cone and 
warm vertical 

obturation techniques 
with two different 

bioceramic sealers 
and an epoxy resin-

based sealer 

incisors, 
canines and 
premolars) 

(Roydent Dental 
Products, USA)   

Corp., USA) perimeter with sealer 
penetration were 
measured using 

ImageJ software and 
then added together. 

The final 
measurement was 
divided by the total 
diameter of the root 
canal wall to obtain 
the percentage of 
sealer penetration. 

To evaluate the 
maximum depth of 
sealer penetration, 

the distance between 
the deepest point of 
sealer penetration to 
the root canal wall 

was measured 

technique, greater dentinal tubule 
penetration occurred in the coronal 

compared to the apical section 

Rouhani et 
al., 2013 

European 
Journal of 
Dentistry 

Compare the depth 
of dentinal tubule 

sealer penetration in 
the apical thirds of 

severely curved root 
canals obturated with 

Resilon/Epiphany 
self-etch or 

gutta-percha/AH Plus 
using scanning 

electron microscopy 

34 human 
mandibular 

molars 

Epiphany SE (Pentron 
Clinical Technologies, 

LLC) + AH Plus 
(Dentsply Maillefer, 

Ballaigues, Switzerland) 

3 days SEM (Vega II XMU; 
Tescan, Czech 

Republic) 
Magnification (NI) 

(NI) Microscope 
measuring tool 

The maximum depth 
of sealer penetration 
in this area (in µm) 

was measured using 
the microscope’s 

calibrated measuring 
tool. Two calibrated 

and blinded 
specialists scored the 
presence and density 
of sealer tags using 

the following scale: 0, 
absent; 1, few resin 
tags in tubules; 2, 
resin tags in most 

tubules 

Average penetration into dentinal 
tubules in the apical thirds of severely 

curved roots did not differ 
significantly between Epiphany SE 

and AH Plus 

Schmidt et al., 
2021 

Journal of 
Clinical 

Medicine 

Investigate the sealer 
penetration depth 

into dentinal tubules 
by scanning electron 

microscopy 

52 human upper 
central incisors 

AH Plus (Dentsply 
Sirona) + Total Fill BC 
Sealer HiFlow (TFHF, 

FKG Dentaire, La 
Chaux-deFonds, 

Switzerland) 

56 days SEM (JSM 6510 LA, 
JEOL, Freising, 

Germany) 
Magnification 350× 

(NI) (NI) The materials 
pressed into the 

dentinal tubules were 
identified by EDX 
analysis as the 

abovementioned 
sealers contain 

zirconium oxide as a 
radiopacifier. The 

highest penetration 
depth of sealer was 
recorded for each 

quadrant 

Even high pressure on the root canal 
filling material is not able to press 

sealer deep into dentinal tubules. AH 
Plus penetrated deeper into dentinal 

tubules than TFHF in parts of the 
apical and coronal portion of the root 

Sen et al., 
1996 

International 
Endodontic 

Journal 

Compare the 
microleakage of a 

new root canal sealer 
with conventional 

sealers, and to 
investigate the 

45 human 
maxillary 

anterior teeth 

Diaket (Espe Gmbh, 
Seefeld, Germany) + 

Endomethasone 
(Septodont, Saint-Maur, 
France) + Calciobiotic 

Root Canal Sealer 

3 days + 5 
days in the 

dye 

SEM JEOL JSM5200 
(Tokyo, Japan) 

Magnification (NI) 
 

(NI) (NI) The penetration 
depth of sealer into 
dentinal tubules was 
examined at upper, 
middle, and lower 

levels. The mean of 

Ketac-Endo demonstrated the least 
penetration 
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relationship between 
microleakage and 

tubular penetration of 
the sealers 

(Hygenic, Akron, OH, 
USA) + Ketac-Endo 

(Espe Gmbh, Seefeld, 
Germany) 

10 readings of 
maximum 

penetration was 
taken for each part of 

the canal and was 
assessed as follows: 
1- 250/µm, 2-  251-

5OOµm, 3- 501-
750µm and 4- 751-

1000/µm 
Sevimay and 
Dalat, 2003 

Journal of 
Oral 

Rehabilitatio
n 

Evaluate 
the dentinal 

adaptation and 
penetration to 

dentinal 
tubules of AH 26, 
CRCS and RSA 
sealers by using 

scanning electron 
microscopy 

17 human 
maxillaries 

anterior 

AH 26 (De Trey, Zürich, 
Switzerland) + CRCS 

(Calcibiotic 
Root Canal Sealer, 

Hygenic, Akron, OH, 
USA) + RSA (Roeko 
Seal Automix, Roeko, 
Langenau, Germany) 

7 days SEM (JSM-5600, Jeol, 
Tokyo, Japan)  
Magnification 

1000×,1500× and 
2000× 

(NI) (NI) Not reported. 
Qualitative analysis  

AH 26 demonstrated more 
penetration depth into 

the dentinal tubules than other 
sealers 

Shekhar et 
al., 2023 

F1000 
Research 

Compare the effect 
of saline, EDTA, MA, 
and CA solutions on 

removal of smear 
layer and to measure 
depth of penetration 
of Bioceramic sealer 

into the dentinal 
tubules at the 

coronal, middle and 
apical third regions of 

the root canal 

32 mandibular 
premolars 

BioRoot RCS 
(Septodont) 

1 day CLSM (DPSS model 
DMi8)  

Wavelength 
585/682nm  

Magnification 10× 
 

 

Rhodamine B 
(Loba Chemie 

Pvt. Ltd.) 

LAS-AF software 
(Leica) 

Depth of penetration 
of sealer was 

recorded for each 
part and mean value 
of each section was 

calculated 

Maximum sealer penetration was 
seen in the coronal section followed 
by middle and apical sections of the 
root specimen. Saline showed the 
least penetration of sealer in the 

dentinal tubules 

Shenoy et al., 
2014 

Journal of 
Conservativ
e Dentistry 

Evaluate the effect of 
final rinsing solution 

on smear layer 
removal through 

penetrability of the 
root canal sealer 

30 single rooted 
mandibular 
premolars 

Acroseal (Septodont, 
India)  

2 days CLSM (Olympus FV 
100, Germany) 

Magnification 10× 
 

0.1% 
rhodamine B 

isothiocyanate 
dye 

(SigmaAldrich, 
India) 

Olympus FV 1000 
software 

The depth of 
penetration of sealer 
was measured from 

the lumen of the 
canal to maximum 

depth penetrated the 
tubules and an 

average of values 
was considered 

The use of Tubulicid plus as a final 
irrigant provided better smear layer 
removal than Biopure a mixture of 

doxicycline, citric acid and a 
detergent (Tween 80) (MTAD) and 

17% EDTA 

Shieh et al., 
2023 

Materials Compare the 
penetrability and 

bond strength 
between two calcium 

silicate-based 
sealers and an epoxy 
resin-based sealer, 
as well as examine 

the relationship 
between penetrability 
and bond strength for 
the different sealers 

39 single-rooted 
human 

premolars 

AH Plus Jet (Dentsply 
DeTrey, Konstanz, 

Germany) + 
EndoSequence 
(Brasseler USA, 

Savannah, GA, USA) + 
AH Plus Bioceramic 

Sealer (Dentsply 
Sirona, Johnson City, 

TN, USA) 

7 days CLSM Nikon C2+ 
(Nikon, Tokyo, Japan) 

Wavelength 
561/568nm  

Magnification 10× 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, St 
Louis, MO, 

USA) 

Adobe Photoshop 
software (Adobe 
Systems, San 

Jose, CA, USA) 

The sealer 
impregnated dentin 
area in pixels was 

calculated by 
subtracting the canal 
space from the total 
red area. By dividing 

the number of red 
pixels from the total 

dentine area in 
pixels, the 

percentage of the 
dentine impregnated 

by the sealer was 

The bioceramic based root canal 
sealers appeared to perform better 

than the epoxy resin-based sealer in 
terms of dentinal penetration rate 
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calculated 

Song and 
Yang, 2022 

European 
Journal of 
Dentistry 

Compare the dentinal 
tubule penetration of 
an epoxy resin-based 

sealer with two 
different filling 

methods and an 
ultrasonically 

activated calcium 
silicate-based sealer 

by using CLSM 

45 maxillary 
premolars 

AH Plus (Dentsply 
DeTrey, Konstanz, 

Germany) + Endoseal 
MTA 

7 days CLSM (LSM 800; Carl 
Zeiss Microscopy, Jena, 

Germany) 
Magnification 5× 

0.1% 
Rhodamine B 

(Sigma–
Aldrich, St. 

Louis, 
Missouri, 

United States) 

ZEN software (Carl  
Zeiss Microscopy) 

The maximum  
sealer  penetration  

depth  into  the  
dentinal  tubules  

was  measured  by  
using  ZEN  software.  

The  penetration 
percentage of the 
sealer was then 

evaluated 

The  AH  Plus  group  with  the  
continuous  wave  technique  showed  

the  highest  dentinal  tubule  
penetration,  but  in  the  apical  area,  
which  is  the  most  important  part 

for the success of root canal therapy, 
there was no statistically  significant  

difference  from  other  sealer  groups 

Sonu et al., 
2016 

Saudi 
Endodontic 

Journal 

Evaluate 
the dentinal tubule 
penetration of three 

sealers in 
instrumented root 

canals obturated by 
using cold lateral 

compaction 
techniques in either 

the presence or 
absence of smear 

layer 

60 single‑rooted 

mandibular 
premolars 

AH Plus (Dentsply 
Detrey, Konstanz, 
Germany) + MTA 
Fillapex (Angelus, 

Londria, PR, Brazil) + 
GuttaFlow® 2 sealer 
(Coltene/Whaledent) 

14 days SEM (NI) 
Magnification (NI) 

 

(NI) (NI) Considering the 
canal wall as the 
starting point the 

maximum and 
minimum depth of 

sealer penetration in 
the dentinal tubules 

was measured 
(microns) at cervical, 

middle and apical 
third of root 

Greater sealer penetration was 
observed in the groups with smear 
layer removal. AH Plus showed the 

maximum sealer penetration depth at 
all three levels (cervical, middle and 
apical). The penetration depth of the 

sealers at the cervical and middle 
third of root was significantly more 

than those at apical third 

Sreedev et 
al., 2020 

Cureus Evaluate the 
influence of three 

different final 
irrigation regimen on 
depth of penetration 
of root canal sealers 
and push-out bond 

strength of obturation 
material 

36 single-rooted 
mandibular 

premolar human 
teeth 

AH Plus (Dentsply 
Maillefer) 

7 days CLSM Olympus 
Fluoview 1000 

(Olympus Corporation, 
Tokyo, Japan) 

Magnification 40× 

0.1% 
Rhodamine B 
(RITC; Sigma-

Aldrich, St. 
Louis, MO) 

Leica Application 
Suite Advanced 

Fluorescence Lite 
software (Leica 
Microsystems) 

Sealer penetration 
into dentinal tubules 
was calculated to a 
maximum depth of 
1000 μm with the 

ruler tool of the Leica 
Application Suite 

Advanced 
Fluorescence Lite 

software 

Mean tubular penetration depth of AH 
plus sealer was better in diode laser 

than in EDTA and citric acid 

Tedesco et 
al., 2018 

Clinical Oral 
Investigatio

ns 

To compare the 
accuracy of CLSM 

and SEM during the 
analysis of the 

adhesive interface 
integrity and 
intratubular 

penetration of root 
canal sealers to 
radicular dentine 

20 maxillary 
incisors 

Endofill (Dentsply Ind. 
Co., Petrópolis, RJ, 
Brazil) + AH Plus 

(Dentsply 
DeTrey GmbH, 

Konstanz, Germany) 

7 days 
 

 

CLSM (A1+ Nikon 
Instruments Inc., Tokyo, 

Japan) 
Wavelength 568nm  
Magnification 100× 

and 400× 
 

SEM (JEOL JSM 6390 
LV, Akishima)  

Magnification 100× 
 

Rhodamine B 
(Sigma, St 
Louis, MO, 

USA) 
Japan)  

LAS.AF Leica 
(Leica 

Microsystems 
CMS GmbH, 

Wetzlar, Germany) 
was used to 
perform the 

analysis by both 
methods 

The following scores 
were attributed: 0—
absence of tags; 1—

tags < 20 μm; 2—
tags with length 

ranging from 20 to 
100 μm; and 3—tags 

>100 μm 

As regards to the intratubular 
penetration of sealers, the use of 

CLSM allowed a better evaluation of 
the depth and quantity of sealer tags 

formed 

Tedesco et 
al., 2019 

Brazilian 
Dental 
Journal 

Correlated the bond 
strength and dentin 

penetration of 
different sealers by 
push-out test and 
Confocal Laser 

Scanning Microscopy 
analysis 

80 mandibular 
premolars 

Endofill (Denstply, 
Petrópolis, RJ, Brazil) + 

AH Plus (Denstply 
DeTrey, Konstanz, 
Germany) + MTA 
Fillapex (Angelus, 

Londrina, PR, Brazil) 

7 days CLSM (Leica DMI6000 
B Microscope Germany) 

Wavelength 
540/620nm  

Magnification 100× 
and 400× 

Rhodamine B 
(Sigma-

Aldrich, St. 
Louis, MO, 

USA)  

(NI) For the presence, 
quantity and depth of 

penetration of the 
root canal sealers 
into the dentinal 
tubules, a score 
system (0-3) was 

used to classify the 

AH Plus showed higher bond 
strength and sealer intratubular 

penetration than the other tested 
sealers 
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findings: absence of 
tags, presence of few 
and short tags, tags 
ranging from 20 to 

100 μm in length and 
in greater quantity, 

dense and long tags 
Teoh et al., 

2022 
Australian 
Endodontic 

Journal 

Measure MTA 
intratubular 
crystalline 

penetration depths at 
various time intervals 

and examine the 
impact of different 

chelating agents on 
the biomineralization 

process 

45 single rooted 
teeth 

MTA (White ProRoot 
MTA, Dentsply, Tulsa 

Dental) 

15 samples 
were removed 
at 14 days, 28 
days, and 42 

days 
respectively 

CLSM (Model C2+, 
Nikon Instruments Inc.) 

Wavelength 488nm  
Magnification 10× 

0.1% sodium 
fluorescein 

(Sigma-
­Aldrich Pty 

Ltd) 

Image J (National 
Institutes of 

Health) 

Using the ‘Measure’ 
tool, the mean 

maximum 
penetration depth of 
MTA for each slice 

was calculated using 
an average of the 

maximum 
penetration in the 
buccolingual and 

mesiodistal 
directions. To 

analyze the total 
penetration, an 

outline was drawn 
around the 

fluorescence area 
within the root slice. 

The total area of 
fluorescence within 

the outline was 
calculated as an area 

percentage of the 
entire root slice 
minus the canal 

space 

MTA mineralization penetrated up to 
90% of dentinal tubules and can 

extend to the cementum in roots with 
patent, non­infected tubules 

Thomas et al., 
2022 

World 
Journal of 
Dentistry 

Compare the depth 
of penetration and 

persistence of sealer 
residues in obturated 

canals with three 
commercially 

available root canal 
sealers using 
confocal laser 

scanning microscopy 

30 single-rooted 
human 

premolars 

AH Plus + Sealapex + 
BioRoot RCS 

14 days CLSM in Zeiss Pascal 
laser scanning 

microscope (Carl Zeiss, 
Göttingen, Germany) 
Wavelength 543nm  
Magnification 10× 

Rhodamine B 
fluorescent 

(NI) Depth 
of penetration was 

measured in microns 
(µm) from the wall of 
the root canal up to 
the maximum depth 

the sealer penetrated 
the dentine 

AH Plus sealer showed the highest 
depth of penetration followed by 

BioRoot RCS and Sealapex, 
respectively. The depth of 

penetration of sealers plays a pivotal 
role in the outcome of endodontic 

treatment. It is virtually impossible to 
remove the sealer residue of the 

contracted dentin tubules. However, 
complete removal is not an essential 

factor in follow-up treatment in 
endodontics 

Turkel et al., 
2017 

Photomedici
ne and 
Laser 

Surgery 

Compare three final 
irrigation activation 

techniques with 
respect to their 

effects on 
debridement efficacy, 
smear layer removal, 
and dentinal tubule 
penetration of two 
different root canal 

142 single-
rooted teeth 

AH Plus + TotalFill BC 7 days  CLSM (Carl Zeiss LSM 
510; Carl Zeiss 

Microscopy, Jena, 
Germany) 

Wavelength 575nm  
Magnification 4× 

Rhodamine B 
isothiocyanate 

(Merck 
Chemistry, 
Dannstadt, 
Germany) 

  

Zeiss LSM Image 
Browser 

Version 4.2.0.121 
(Carl Zeiss 

MicroImaging 
GmbH 1997– 

2006) 

The images were 
evaluated according 
to the method used 
by Gharib et al 2007 

EV, PIPS, and CSI produced almost 
similar debridement efficacy, smear 
layer removal, and dentinal tubule 

penetration. TotalFill BC sealer 
achieved superior tubular penetration 

compared with AH Plus 
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sealers 

Turkyilmaz 
and Erdemir, 

2020 

Microscopy 
Research 

and 
Technique 

Investigate the 
tubular penetration 

depth of four different 
sealers used with two 

different obturation 
methods in the 

apical, middle, and 
coronal root canal 

dentin 

84 single-rooted 
teeth 

AH 26 + AH Plus 
(Dentsply, DeTrey, 

Konstanz, Germany) + 
RealSeal (SybronEndo, 

Orange, CA) + MTA 
Fillapex (Angelus, 
Londrina, Brazil) 

14 days SEM at 20 kV (FEI 
Quanta FEG 250, 

Eindhoven, Holland) 
Magnification 500× 

and 2500× 

(NI) ×T microscope 
Server Software 
(FEI Company, 

Eindhoven, 
Holland) 

The depths of 
sealers were 

measured with the 
microscope 

calibrated. The three 
maximum values 

were obtained and 
averaged for a single 
value to record. It is 
calculated for three 

minimum values 
similarly. While 
determining the 

maximum 
penetration, dentin 
was scanned from 

the cementum–
dentinal junction to 

the root canal space. 
The closest 

penetration to the 
cementum was 

marked digitally and 
the image 

magnification was 
reduced without 
saving the image 

until the root canal 
wall was monitored. 
The distance was 

measured between 
the first point marked 
and root canal space 

considering the 
oblique course of 
dentinal tubules 

The obturation method did not affect 
the penetration amount of root canal 
sealers. RealSeal root canal sealer 
performed better penetration ability 

than the other sealers. Apical third of 
the root in all groups showed lowest 

penetration depth 

Uzunoglu-
Özyürek et 
al., 2018 

Journal of 
Endodontics 

Evaluate 
the effect of calcium 
hydroxide dressing 

on the dentinal tubule 
penetration of epoxy 
resin–based sealer 

and tricalcium 
silicate–based sealer 

52 single-rooted 
mandibular 
premolars 

AH 26 + Bio-Root RCS 15 days CLSM (Zeiss 
LSM 510; Carl Zeiss, 

Jena, Germany) 
Wavelength 
536/617nm 

Magnification (NI) 
 

0.1%  
Rhodamine B 

 
fluorescein 

(Sigma-
Aldrich) 

CLSM Image 
Browser (Carl 

Zeiss) 

The longest sealer 
penetration was 

measured from the 
canal wall to the 

point of maximum 
sealer penetration. 
The percentage of 
penetrated sealer 
into the dentinal 

tubules was 
calculated by the 
amount of sealer 
penetrated in the 
canal perimeter 

divided by the total 

Calcium silicate–based sealer 
penetrated significantly more than 
epoxy resin–based sealer into the 

dentinal tubules even in the presence 
of Ca(OH)2 remnants 
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canal perimeter X 
100 

Vassiliadis et 
al., 1994 

Journal of 
Endodontics 

Investigate the depth 
of the penetration of 
the Grossman sealer 
and its appearance in 
the dentinal tubules 
in in vivo performed 
root canal therapies, 

and to study 
differences in the 

sealer, if any, 
between 

endodontically 
treated teeth that had 

remained in the 
dental arch for 

different time periods 

16 single-rooted  Grossman (NI) SEM (Type S.S.M.-840 
A, JEOL) equipped with 
an electron dispersive 
spectrometer (detector 

LZ 5 and analytical 
system AN-10000) 
Magnification (NI) 

 

(NI) (NI) When sealer was 
viewed in the 

dentinal tubules, 
EDS was used to 

identify and analyze 
it 

Sealer was present in most of the 
dentinal tubules, especially in the 

middle third of the root. The 
differences in the depth of 

penetration or in the appearance of 
the sealer cannot be attributed to the 

different time periods the teeth 
remained in the arch after endodontic 

treatment 

Villa et al., 
2020 

Brazilian 
Dental 
Journal 

To evaluate pH, 
calcium ion release, 

radiopacity, and 
dentinal tubule 

penetration of Bio-C 
Temp and 

Ultracal XS, as well 
as verify the Bio-C 
Temp cytotoxicity 

14 
mandibular 

human incisors 

Bio-C  (NI) CLSM (NI) 
Magnification (NI) 

 

Fluo 3 
(Thermo 
Fisher 

Scientific, 
USA) 

ImageTool 3.0 
software 

(UTHSCSA, San 
Antonio, Texas, 

USA) 

Dentin 
impregnated area 

was analyzed at 10×. 
The images recorded 

were 70 μm depth, 
with 800 x 800 pixels 

CLSM images showed absence of 
tubule penetration for both pastes 

Wang et al., 
2018 

Public 
Library of 
Science 

One 

Evaluate the dentinal 
tubule penetration 

and filling quality of a 
bioceramic sealer 

(iRoot SP) 

42 adult 
mandibular 
incisors with 

single straight 
canal 

AH Plus (Dentsply 
International, York, PA) 
+ iRoot SP (Innovative 

BioCreamix Inc., 
Vancouver, Canada) 

7 days CLSM  
(LSM 5 Exciter, Zeiss, 

Germany) 
Wavelength 
543/590nm 

Magnification 5× 

0.1% 
Rhodamine B 
dye (Sigma-
Aldrich, St 
Louis, MO) 

Image J1.46r 
software 

Image J1.46r 
software was used to 

measure the void 
area and the area of 

each root canal 
section. Then, we 

obtained the value of 
the percentage of 

void areas on each 
root section 

Regardless of the filling technique 
used, iRoot SP can achieve 

comparable filling quality and better 
dentinal tubules penetration than AH 

Plus 

Weis et al., 
2004 

International 
Endodontic 

Journal 

To compare the 
average sealer 

cement film thickness 
and the extent and 
pattern of sealer 
penetration into 

dentinal tubules in 
association with four 
obturation techniques 
in curved root canals 

44 mesial 
canals of 

mandibular 
molars 

AH 26 (De Trey, 
Dentsply, Konstanz, 

Germany)  

14 days Olympus BH-2 standard 
light microscope 

(Olympus Optical, 
Tokyo, Japan) 

Magnification 10× 

Sudan Black 
B dye (Poly 
Scientific 
R&D, Bay 
Shore, NY, 

USA) 

(NI) Sealer penetration 
depth and density 

were scored using a 
four-quadrant pie 

chart superimposed 
over each of the 

projected images. 
The centre of the pie 
chart was placed in 

the approximate 
centre of the root 

canal filling 

Consistent, extensive sealer 
penetration into dentinal tubules was 

seen and was unrelated to the 
obturation technique 

Wilkonski et 

al., 2023 
Applied 

Sciences 
Compare the effect 
of three irrigation 
protocols on the 

penetration of the 

90 single-
canaled human 

teeth with 
straight roots 

AH Plus (Dentsply, 
Bensheim, Germany) 

3 days Nikon Ti-E with confocal 
system Nikon A1 

(Nikon, Tokyo, Japan)  
Wavelength 

Hydrophilic 
fluorescein or 
hydrophobic 

porphyrin 

ImageJ 1.45s 
program (National 

Institutes of Health, 
Bethesda, MD, 

The measurements 
of the sealer’s depth 

of resin tags in 
dentinal tubules were 

The isopropyl alcohol at the end of 
the irrigating protocol did not affect 
the higher sealer penetration of the 

sealer into the dentinal tubules 
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epoxy sealer into 
dentinal tubules and 

two dyes used to 
stain the sealer 

488/561nm 
Magnification 10× and 

20× 

USA) carried out in all four 
quarters for each 

cross-section in the 
same manner as in 
the previous study 

made by the authors 

compared with sodium hypochlorite. 
The hydrophobic porphyrin may be 

considered as the favorable dye 
choice to stain endodontic sealers in 

further studies with confocal laser 
scanning microscopy 

Yang et al., 
2021 

Clinical Oral 
Investigatio

ns 

Evaluate dentinal 
tubule penetration 

and the retreatability 
of EndoSequence 
BC Sealer HiFlow, 
iRoot SP, and AH 

Plus when using the 
single-cone or 

continuous wave 
condensation 

technique. 

65 single-rooted EndoSequence BC 
Sealer HiFlow (HiFlow) 
+ iRoot SP + AH Plus 

7 days CLSM (NI) 
Magnification (NI) 

 

Rhodamine B 
(Sigma-

Aldrich, St. 
Louis, MO) 

ImageJ software The sealer 
penetration depth 

was measured from 
the canal wall to the 
point of maximum 
sealer penetration. 

The penetration area 
was calculated as the 

sealer penetration 
area into the 

dentinal tubules 
divided by the 
horizontal root 
section area X 

100. The amount of 
sealer remaining in 

the canal space was 
calculated as the 

amount of sealer in 
the canal space 

divided by the total 
canal space X 100 

BC Sealer HiFlow with 
the CWC technique showed better 

performance in dentinal tubule 
penetration than iRoot SP with the 

SC technique 

Yesildal et al., 
2022 

Australian 
Endodontic 

Journal 

To evaluate the 
effect of atmospheric 

cold plasma 
(ACP) on dentinal 

tubule penetration of 
EndoSequence BC 

60 premolars EndoSequence BC 7 days CLSM  
Wavelength 561nm 
Magnification 5× 

0.1% 
Rhodamine B 
dye (Merck, 
Germany) 

Zeiss Zen software The distance from 
the root canal wall to 

the deepest point 
at which the sealer 

penetration was 
detected was 

determined as the 
maximum tubule 
penetration. The 

percentage of sealer 
penetration was 

calculated by 
dividing the length 
where the sealer 
penetrated the 
dentinal tubules 

along the root canal 
walls by the 

circumference of the 
root canal wall and 

multiplying this result 
by 100 

ACP improved the percentage of 
dentinal tubule penetration of the 

EndoSequence BC sealer when used 
with the single-cone technique, but 
not affected the maximum tubule 

penetration of sealer used with the 
single-cone or warm vertical 

compaction techniques 

Ylmaz et al., 
2020 

BioMed 
Research 

International 

Compare the efficacy 
of various techniques 

used for final 
irrigation on sealer 
penetration in the 

65 maxillary first 
molars 

AH Plus 14 days CLSM 
Wavelength 532nm 
Magnification 10× 

0.1% 
Rhodamine B 
isothiocyanate 

(Merck 
Millipore, 

Leica Application 
Suite 

Advanced 
Fluorescence 3.3 
software (Leica 

The percentage of 
the sealer 

penetration was 
determined by 
measuring the 

The methods of irrigation did not 
significantly improved sealer 

penetration when compared to 
conventional needle irrigation 
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apical one-third of 
curved root canals 

Darmstadt, 
Germany) 

Microsystems) and 
ImageJ 

regions where sealer 
penetrated the 
dentinal tubules 

along the root canal 
walls, and then this 

value was divided by 
the circumference of 
the root canal wall, 
and this result was 
multiplied by 100 to 

calculate the 
percentage. The 

maximum depth of 
sealer penetration 
was measured by 

partial images 
processed using 

CorelDRAW 
Graphics Suite X5 
(Corel Corporation, 
Ottawa, Canada) 

Zan et al., 
2023 

Current 
Research in 

Dental 
Sciences 

To evaluate and 
compare dentinal 

tubule penetration of 
various canal sealers 

obturated after the 
application of 

different irrigation 
activation procedures 

by a CLSM 

150 human 
mandibular 

premolar single-
rooted  

AH Plus + MTA Fillapex 
+ Sealapex 

1 day CLSM 
Wavelength 
560/600nm 

Magnification 10× 

(NI) Image J Software The maximum depth 
of sealer penetration 
was determined by 

measuring the 
distance from the 
canal wall to the 

deepest penetration 
point along the 

dentinal tubule. The 
sealer penetration 

area was calculated 
by subtracting the 

root canal area from 
the area measured 
by drawing around 
the dentin area in 
which the sealer 
penetrated. The 

percentage of sealer 
penetration was 

calculated from the 
ratio of the perimeter 

of the canal wall 
where the sealer had 

penetrated to the 
entire canal 

wall circumference 

MTA Fillapex showed significantly 
better penetration than Sealapex and 

AH Plus sealers and UI provided a 
better tubule penetration depth than 

the SI and KTP laser irrigation 
techniques. Therefore, it has been 
determined that root canal irrigation 
methods have a significant effect on 
dentin tubule penetration of sealers, 

and there is also a significant 
difference between sealers 

Zhang et al., 
2024 

BMC Oral 
Health 

To compare the 
effects of Easydo 

Activator and needle 
irrigation and passive 
ultrasonic irrigation 

on sealer penetration 
at the root apex 

42 single-rooted  AH Plus (Dentsply, 
DeTrey, Konstanz, 

Germany) 

7 days CLSM 
Wavelength 
560/600nm 

Magnification 10× 
 

0.1% CY5 
fluorescent 

dye (Bereket 
Chemical 
Industry, 
Istanbul, 
Turkey) 

ImageJ  
(ImageJ 2×, 

Rawak Software 
Inc., Stuttgart, 

Germany) 

The maximum 
penetration depth 

was measured from 
the canal wall to the 
point of maximum 
sealer penetration. 
To determine the 

EA was superior to PUI and NI 
regarding sealer penetration at the 

root apex during endodontic 
treatment, and it could provide a new 
technical idea for clinical root canal 

therapy 
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percentage of sealer 
penetration, the 

circumference of the 
root canal wall was 

measured, and areas 
along the canal walls 

into which the 
sealer penetrated the 

dentinal tubules at 
any distance were 

calculated 

Note: (NI) – Not informed. CLSM – Confocal laser scanning microscopy. SEM – Scanning electron microscopy.  


