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Abstract: Aim: This systematic review aims to qualitatively synthesize 

available evidence on the effect of the smear layer (SL) on the adhesion of 

bioceramic root canal sealers to dentin. Methods: An advanced literature search 
was conducted in PubMed and Cochrane, targeting in vitro studies on human 

teeth published between January 2013 and January 2024, in English. Results: 

The search yielded 479 articles where 16 studies met the inclusion criteria and 

were included. Data were collected according to the number of teeth studied, 
canal preparation, smear layer removal methods, adhesion tests, and sealer types. 

The review found no consensus on the SL's impact on the adhesion and sealing 

ability of bioceramic sealers. While MTA-based sealers showed improved 

adhesion due to the SL's role in forming an interfacial layer, calcium silicate-
based sealers either experienced reduced adhesion or were unaffected by the SL. 

Conclusion: The effect of the smear layer on bioceramic sealer adhesion remains 

unclear, with variations depending on sealer type, smear layer properties, and 

irrigants used. For MTA-based sealers, the smear layer plays a significant role 
in enhancing adhesion. Further research is needed to clarify these interactions.  

Keywords: Bioceramic sealers, mineral trioxide aggregate (MTA), calcium 

silicate-based sealer, smear layer, bond strength, endodontic irrigation. 
Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Endodontic treatments aim to meticulously 

clean and shape the root canal system, followed by 

sealing it with a permanent filling to prevent leakage [1]. 

Gutta-percha is the standard material for root canal 

obturation, but it alone cannot achieve a complete three-
dimensional seal. Therefore, sealers are used with gutta-

percha to fill the gaps between the core material and the 

root canal walls, and to reach accessory canals and 

resorptive lesions [2]. Since their inception in the early 
20th century, the properties of sealers have been 

extensively studied for their biological and technical 

importance [3]. 

 
Bioceramic-based sealers (BC), used for over 

thirty years, are gaining popularity due to their high 

biocompatibility and chemical stability. They expand 
during setting, form hydroxyapatite, and have an alkaline 

pH that enhances antibacterial activity and 

biocompatibility [4]. These sealers also exhibit 

radiopacity and good adhesion to dentinal walls, which 
is crucial for effective root canal filling [4]. 

 

The adhesion of a root canal sealer depends on 

factors such as dentin penetrability, sealer flowability, 
film thickness, viscosity, obturation technique, setting 

time, sealer integrity, surface tension, solubility, and 

smear layer (SL) removal [2].  

 
The SL, which consists of inorganic and organic 

materials from the root canal instrumentation [1], can 

impact the adhesion of bioceramic sealers. Some studies 

suggest the SL impedes proper adaptation and prevents 

https://www.easpublisher.com/
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effective sealing [5], while others propose it may 
enhance bonding [1]. The effect of SL on bioceramic 

sealer adhesion remains a subject of debate. Thus, this 

study aimed to assess the effect of the presence and the 

removal of the SL on the adhesion capacity of BC-based 
sealers, through a systematic review. 

 

MATERIAL AND METHODS  
Search Strategy 

This study used a systematic review to assess 
the effect of the smear layer (SL) on bioceramic (BC) 

sealers' adhesion. The PICO-model question was: "What 
is the in vitro evidence on how the smear layer impacts 

the push-out bond strength of BC sealers?" Searches 

were conducted in MEDLINE (via PubMed) and 

Cochrane for English-language articles published 
between January 2013 and January 2024, with the final 

search in June 2023. Only in vitro studies on BC sealers' 

adhesion were included. The detailed search strategy, 

using PubMed MeSH and specific terms of cochrane, is 
presented in Table I.  

 

Table I: Search strategy 

 
 

Additionally, an exhaustive manual search was 
conducted on the basis of the titles, abstracts and 

keywords of the articles under consideration. 

 

RESULTS  
1. Study selection and flowchart: Figure 1 illustrates 
the search strategy flowchart. An initial search identified 

479 studies (341 from PubMed, 100 from Cochrane, and 
38 from Google Scholar). After removing nine 

duplicates, 425 articles were excluded based on titles and 

abstracts, leaving 45 for full-text review. Of these, 29 did 

not meet inclusion criteria, resulting in 16 studies 
selected for the systematic review. 

 

 
Figure 1: Flowchart representing the study selection process 
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2. Included studies: After reviewing the abstracts and 
full texts and applying the inclusion criteria, a total of 16 

articles were included in this study. A summary of the 

data obtained from these 16 studies is presented in Table 
II. 

 
Table II: Extracted variables from the studies included 
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3. Characteristics of Included Studies: 

Sample 

All of the selected articles employed human 

teeth as their primary material. In summary, four of the 
articles utilized anterior teeth, whereas eight employed 

posterior teeth. Furthermore, four articles did not specify 

the type of teeth that were evaluated. 

 
Root Canal Instrumentation 

Six articles employed the ProTaper system 

(DENTSPLY Maillefer, Ballaigues, Switzerland) for 

root canal preparation, while two articles utilised the 

Reciproc system (VDW GmbH, Munich, Germany) and 

two articles employed Gates Glidden burs. A minority 

opted to use manual instrumentation, including the 

Perfect (China) system, the RaCe rotary system, and 
cylindrical carbide or tapered burs. 

 

Irrigation during canal preparation 

Of the 16 selected articles, a total of 10 utilized 
NaOCl as an irrigation solution for root canal 

preparation. This varied among the articles in terms of 

both the quantity used and its concentration. Three 

articles used NaOCl in the first group and distilled water 
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(DW) or saline in the second group. One article used a 
combination of NaOCl and bi-DW, and one article used 

three different irrigation solutions: NaOCl, combination 

of NaOCl+ Etidronic acid (HEDP) and DW, for each 

group. 
 

Final irrigation for the removal of the SL 

In their final irrigant solutions, 10 articles 

employed a combination of 17% EDTA and NaOCl, 
either alone or in conjunction with DW, saline solution 

or sterile water. In two articles, EDTA was utilized either 

in isolation or in combination with DW or saline 

solution. One article used EDTA alone or in combination 
with NaOCl, chlorhexidine, or saline. One article used 

NaOCl combined with EDTA, GA (glycolic acid), 

IP6(phytic acid) or DW. On the other hand, two articles 

utilized a distinct final irrigant based on the intervention 
group being investigated. Within these groups, the 

following irrigants were employed: EDTA, PA 

(peracetic acid), CA (citric acid), NaOCl, HEDP 

(etidronic acid) and distilled or bi-distilled water. 
 

Sealers studied 

The bioceramic sealers evaluated in these 

studies were: Well-Root ST, MTA Fillapex, TotalFill 
BC, Biodentine, TotalFill FS, ProRoot MTA, Gutta Flow 

Bioseal, Endosequence BC sealer, Endoseal MTA, 

calcium enriched cement (CEM), harvard MTA, IRoot 

SP, MTA Plus and Bioroot RCS.  
 

Adhesion evaluation 

Dentin adhesion of bioceramic-based sealers 

was assessed by the push-out bond strength (POBS) in 
12 articles. Dye infiltration, fluid filtration method, 

confocal laser scanning microscopy (CLSM) and 

scanning electron microscopy (SEM), were used in each 

of the remaining four articles. Additionally, the studies 
employed a range of slice thicknesses, including 0.2 mm, 

1 mm, 1.5 mm, 2 mm, and 3 mm. The majority of the 
articles utilized slices with a thickness of 1 mm. 

 

Effect of the smear layer 

Articles included in our systematic review 
showed controversies regarding the impact of the SL on 

the adhesion and the sealing ability of BC-based sealers. 

Among the 16 articles reviewed, 5 articles showed that 

the presence of the SL is of considerable significance in 
the formation of the interfacial layer between the BC 

sealer and root dentin, thereby enhancing its adhesion 

ability. On the other hand, 6 articles approved that the 

presence of the SL has a negative effect and its removal 
is highly recommended for the adhesion of the tested BC 

sealers. In the remaining 5 articles, it has been concluded 

that the SL's presence or absence did not affect the 

adhesion of BC canal sealers. 
 

4. Quality assessment (Risk of Bias) 

To evaluate the methodological quality of the 

included studies, we used the "modified CONSORT 
checklist for in vitro studies on dental materials" by 

Faggion et al., (2012) [20]. Each study was assessed 

against 14 criteria, calculating compliance as the 

percentage of completed items. Table III summarizes the 
results, with an average compliance rate of 74% (range: 

55%-91%). All 16 articles showed consistent data 

quality, particularly in introductions, objectives, and 

hypotheses (items 1 and 2). Methodological details and 
results were well-reported, but only three studies 

addressed sample size calculations (item 5), and none 

met criteria for randomization (items 6-9). All studies 

detailed statistical analyses (items 10 and 11), four 
addressed methodological limitations (item 12), and 11 

disclosed funding sources (item 13). Only one article 

referenced a protocol (item 14). Overall, the selected 

studies provide robust evidence to address the research 
questions. 

 

Table III: Quality assessment of the included studies 
Modified CONSORT checklist 

Articles 1 2a 2b 3 4 5 6 7 8 9 10 11 12 13 14 % 

Shamsy, Enass, et al., (2019) Y Y Y Y Y N - - - - Y Y Y Y N 82% 

Carvalho, N. K., et al., (2017) Y Y Y Y Y Y - - - - Y Y N Y N 82% 

Paulson et al., (2018) Y Y Y Y Y Y - - - - Y Y N Y N 82% 

Shokouhinejad, Noushin, et al., (2013) Y Y Y Y Y N - - - - Y Y N Y N 73% 

Bolbolian, Marjan, et al., (2022) Y Y Y Y Y N - - - - Y Y N N N 64% 

Kuçi, Astrit, et al., (2014) Y Y Y Y Y N - - - - Y Y N Y N 73% 

Özata, Merve Yeniçeri, et al., (2023) Y Y Y Y Y Y - - - - Y Y Y - N 90% 

Al-Hiyasat, et al., (2022) Y Y Y Y Y N - - - - Y Y Y Y Y 91% 

Attash et al., (2022) Y Y Y Y Y N - - - - Y Y N N N 64% 

Shokouhinejad, Noushin et al., (2013) Y Y Y Y Y N - - - - Y Y N N N 64% 

Lotfi, Mehrdad, et al., (2014) Y Y Y Y Y N - - - - Y Y N Y N 73% 
Reyhani, Mohammad Forough, et al., (2014) Y Y Y Y Y N - - - - Y Y N Y N 73% 

El-Ma’aita, Ahmad M et al., (2013) Y Y Y Y Y N - - - - Y Y N N N 64% 

Bidar, Maryam, et al., (2014) Y Y Y Y Y N - - - - Y Y N Y N 73% 

Hamid, Hamid A., et al., (2013) Y Y N Y Y N - - - - Y Y N N N 55% 

Türker, Sevinç Aktemur et al., (2018) Y Y Y Y Y N - - - - Y Y Y Y N 82% 

Abbreviations: -, non-applicable; N, not reported in the study; Y, reported in the study, %, percentage of compliance per article. 
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DISCUSSION 
Adhesion of BC-based sealers 

1. Adhesive strength tests  

The most commonly methods used in our 

reviewed studies are the push out bond strength test in 

most of the articles, fluid infiltration technique, CLSM, 
SEM and stereomicroscope. 

 

1.1. The push out bond strength test  

The POBS assay is a widely used method for 
studying the dislodgment resistance of cements, 

recognized for its reliability in measuring the bond 

strength of root canal sealers, even at low values. This 

test simulates clinical conditions by placing materials in 
prepared canals with typical tubular structures. The push-

out bond strength is measured using a universal machine, 

with samples secured on a metal base and pushed out 

using plungers of varying diameters. A vertical load is 
applied at a speed of 0.1 mm/min to replicate forces 

during endodontic procedures, and the maximum 

dislodgement force is recorded to calculate the bond 

strength (8). Subsequently, the POBS, expressed in 
megapascals, is computed for each sample using the 

following formula: 

Push-out bond strength (MPa) = F-max / adhesion 

surface area (mm²), where F-max represents the 

maximum force. 

 

1.2. Dye penetration 

An alternative method for evaluating the 
adhesive capability of sealing cements is the dye 

penetration test, valued for its simplicity and lack of 

advanced material requirements [21]. Methylene blue is 

often used in studies of marginal sealing, but it can 
discolor when exposed to alkaline substances, such as 

calcium hydroxide formed from materials like MTA, 

which raises the pH [22, 23]. To avoid this issue, 

rhodamine B dye is preferred for assessing MTA's 
sealing effectiveness [24]. In the study, infiltration levels 

were evaluated using Escobar et al.,'s criteria [25]: 

0: Infiltration loss (dye penetration 0 ≤ 1.5 mm). 

1: Simple infiltration (dye penetration 1.5–3 mm). 
2: Medium infiltration (dye penetration > 3 mm). 

 

1.3. Fluid filtration method 

This method is praised for producing consistent 
quantitative results, making it reliable and suitable for 

longitudinal studies [26]. Moradi et al., [27], describe a 

system that measures fluid transport via bubble 

movement, using an oxygen tank connected to an 
Erlenmeyer flask and micropipette. A three-valve tube 

controls the bubble, and a digital camera records its 

displacement. 

 
1.4. Scanning electron microscopy (SEM) and confocal 

laser scanning microscopy (CLSM) 

SEM offers high-magnification imaging to 

observe and measure sealer penetration into dentinal 
tubules but is time-consuming, requiring tooth 

preparation and risking dehydration, cracks, and 

artifacts. In contrast, CLSM provides detailed 
information on the presence and distribution of sealers 

within tubules, eliminates artifacts, and doesn't require 

specific sample preparation or sectioning [28]. 

 
2. Irrigants for smear layer removal  

2.1. Sodium hypochlorite (NaOCl): A simple 

endodontic irrigant with organic tissue-dissolving 

properties but ineffective in SL removal [29]. Paulson et 
al., [5] found that specimens treated with 2.5% NaOCl 

had the lowest POBS due to its poor SL removal ability. 

NaOCl also interacts with calcium silicate cement, 

potentially affecting adhesion [30]. 
 

2.2. Chlorhexidine (CHX): CHX doesn't significantly 

affect the bond strength of sealers like EndoSequence BC 

Sealer due to its inability to dissolve organic material or 
remove SL [31]. Shokouhinejad et al., [12] found that 

2% CHX as a final rinse did not affect bond strength [32, 

33]. 

 
2.3. EDTA: A common chelating irrigant. 

Shokouhinejad et al., [12] reported that 17% EDTA for 

1 minute alone or followed by NaOCl, CHX, or saline 

effectively removed the SL. Prolonged use (over 1 
minute) can cause excessive dentin erosion (34). To 

minimize damage, several authors recommend limiting 

EDTA application to 1 minute [1, 9, 10, 35]. SEM 

analysis showed that using 17% EDTA for 1 minute 
followed by NaOCl effectively removed SL in the 

coronal and middle root canal sections [10]. EDTA also 

alters dentin's calcium and phosphorus levels, potentially 

affecting the adhesion of calcium silicate-based sealers 
(7). While most studies used 17% EDTA, Kuçi et al., 

[19] used 5% EDTA, which also effectively removed SL, 

with SEM analysis showing no significant difference in 

efficacy between varying concentrations [21, 36]. 
 

2.4. Organic Acids: Other chelating agents like 

phosphoric acid (PA), citric acid (CA), and glycolic acid 

(GA) have shown similar SL removal efficacy to EDTA 
[7]. GA, a less toxic alternative to EDTA, is 

biodegradable and promotes collagen and fibroblast 

proliferation [37, 38]. A study comparing 17% EDTA, 

10% GA, and 1% IP6 found that GA and EDTA provided 
comparable SL removal, with GA's acidic pH increasing 

dentin roughness, potentially enhancing 

micromechanical bonding [39]. Phytic acid (IP6), a 

biocompatible EDTA substitute, also showed effective 
SL removal and comparable POBS to GA [6]. 

 

2.5. Combination of Solutions: Most studies show that 

combining NaOCl with 17% EDTA achieves superior 
SL removal [40, 41]. However, alternating NaOCl and 

17% EDTA may reduce calcium silicate cement 

adhesion due to altered Ca/P ratios and interactions [1, 8, 

42]. Conversely, Paulson et al., found that combining 
2.5% NaOCl with 9% HEDP improved bond strength in 

biodentine more than NaOCl or NaOCl with EDTA 

alone, due to HEDP’s minimal impact on cement 
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hydration [5, 43]. The NaOCl and HEDP combination, 
known as "continuous chelation," is as effective as 

EDTA for SL removal [41]. 

 

3. Effect of the SL on the adhesion of BC-based 

sealers:  

In this review, a discrepancy among studies was 

noted regarding the effect of the SL on the adhesion of 

bioceramic sealers. Some studies indicate that its 
maintaining enhances adhesion, others suggest that it 

does negatively impact adhesion, and some show that it 

has no effect. Indeed, the effect of the SL on adhesion 

varies depending on the type of the bioceramic sealer 
used. 

 

1. MTA-based sealers: 

Studies consistently agree that maintaining the 
smear layer (SL) enhances adhesion. Shamsy et al., [1] 

observed greater apical leakage with MTA in SL-free 

root canals compared to those with intact SL, suggesting 

that SL enhances the bond between MTA and tubular 
dentin by retaining moisture essential for MTA's 

hydrophilic setting. Similarly, El Ma’aita et al., [15] 

found reduced MTA bond strength after SL removal, 

highlighting SL's role in forming a hydroxyapatite-like 
interfacial layer and tag-like structures that improve 

mechanical retention [15, 44, 45]. 

 

EDTA application for SL removal negatively 
impacts MTA's hydration and microhardness, as residual 

EDTA may interact with calcium ions, impairing the 

formation of hydrated products necessary for the 

interfacial layer. Al-Hiyasat et al., [8] reported a 
significant decrease in white MTA (WMTA) bond 

strength after SL removal, attributed to calcium release, 

which depends on its 55% tricalcium silicate content 

[46]. The particle size of materials relative to dentinal 
tubule diameter (0.9–2.5 μm) also influences 

penetration. ProRoot WMTA, with particles ranging 

from 2.96 to 2.36 μm, fails to penetrate tubules, as 

confirmed by SEM studies [47, 48]. Notably, SL removal 
does not improve MTA's bond strength, further 

supporting the importance of SL in adhesion. 

 

2. Calcium silicate- based sealers:  

For calcium silicate-based this review has 

shown controversies among the studies about the effect 

of the SL on the adhesion. 

 
2.1. MTA Fillapex:  

MTA Fillapex, a calcium silicate-based sealer 

containing MTA, salicylate resin, natural resin, bismuth 

oxide, and silica, leverages MTA's bioactivity to form an 
apatite layer upon contact with phosphate-containing 

fluids [49]. Reyhani et al., [14] found that removing the 

smear layer (SL) increased the sealer's bond strength, as 

the SL impairs sealer penetration into dentinal tubules, 
reducing tag formation and micromechanical adhesion. 

They also noted a direct correlation between tubule 

penetration and adhesion. In contrast, Carvalho et al., [7] 

reported no effect of SL removal on MTA Fillapex's 
bond strength, suggesting the sealer relies more on 

mechanical interlocking than chemical interaction. The 

chemical interaction forms a "mineral infiltration zone," 

resulting from calcium hydroxide-induced alkaline 
etching at the interface [50]. Bidar et al., [11] similarly 

observed that SL presence did not affect sealing 

properties. MTA Fillapex’s smaller particles and 

improved viscosity, compared to MTA, enhance its 
ability to penetrate dentinal tubules. 

 

2.2. MTA Plus 

MTA Plus is a material based on powdered 
tricalcium and dicalcium silicate, that has a similar 

composition to MTA but with smaller particle size [51]. 

I this review, Türker et al., [18], stated that the SL 

improved the adhesion of MTA Plus to root canal walls. 
They corroborated the hypothesis from earlier research 

indicating the significant role of the SL in forming the 

interfacial layer between MTA Plus and root dentin. 

Additionally, concerning the depth of penetration into 
dentinal tubules, the study revealed that MTA Plus 

exhibited deeper penetration when the SL was 

maintained than the other cements tested. MTA Plus is 

comparable to white MTA, with both containing similar 
constituents, but MTA Plus stands out due to its more 

finely ground particle size and a higher specific surface 

area in its powdered form [52]. These characteristics 

suggest that MTA Plus may have an optimal particle size 
profile, potentially leading to improved penetration into 

dentinal tubules. 

 

2.3. IRoot SP 

IRoot SP is a premixed, ready-to-use, injectable 

white cement paste composed of calcium, calcium 

phosphate, calcium hydroxide, and zirconium oxide. 

This composition is similar to that of WMTA, which is 
also known as EndoSequence BC Sealer. In this review, 

several authors [10, 12, 16, 17] have stated that the 

presence or absence of the SL does not affect the bond 

strength of this calcium silicate-based sealer. In other 
words, the open tubules and absence of SL had no impact 

on sealer adhesion. However, they did not impair the 

sealing properties of IRoot SP. It has been suggested that 

the sealer has a low particle size and favorable viscosity, 
enabling it to flow readily into dentinal tubules. 

Furthermore, it is claimed that it chemically bonds to root 

canal walls [16]. 

 
2.4. Biodentine 

Biodentine, a CSC with shorter setting time and 

less discoloration than MTA, shows higher bond strength 

than MTA regardless of smear layer (SL) presence, as 
reported by El Ma’aita et al., [15] and Al-Hiyasat et al., 

[8]. SL removal reduces its bond strength but remains 

critical for forming an interfacial layer. Biodentine's 

superior performance is attributed to its higher tricalcium 
silicate content (80.1% vs. 55% in MTA), smaller 

particle size, and greater calcium and silicon ion release, 

enhancing biomineralization and tag-like structures. 
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However, Paulson et al., [33] noted lower bond strength 
when SL was preserved, indicating mixed effects on 

adhesion 

 

2.5. Gutta Flow Bioseal 

GuttaFlow Bioseal, a silicone-based sealer 

containing bioactive ceramic glass, 

polydimethylsiloxane, zirconium oxide, and platinum, 

forms hydroxyapatite upon contact with tissue fluids 
[56]. Attash et al., [9] found lower bond strength when 

the smear layer (SL) was removed, compared to 

preserved SL. Chelating solutions, while removing the 

SL, demineralize dentin, expose collagen fibers, and 
create a hydrophobic surface that reduces the sealer’s 

adhesion [23]. However, the bioactive material releases 

calcium silicate, forming hydroxyapatite deposits and 

tag-like structures that improve adhesion and push-out 
bond strength [57]. Preserving the SL enhances dentinal 

moisture, further supporting adhesion 

 

2.6. Calcium enriched mixture (CEM) 

CEM, a calcium-based cement with faster 

setting and better flow than MTA, benefits from smear 

layer (SL) removal. Mehrad et al., [13] showed that SL 

removal significantly increases CEM’s bond strength by 
opening dentinal tubules, facilitating hydroxyapatite 

interfacial layer formation and tag-like structures. These 

structures enhance contact with dentinal walls, 

improving retention via interlocking. In contrast, 
preserving the SL blocks tubules, preventing 

hydroxyapatite layer formation and reducing adhesion 

[58]. 

 

CONCLUSION 

The effect of the smear layer (SL) on the 

adhesion of bioceramic-based sealers is complex and 

debated in endodontics. Some studies suggest the SL 

enhances bonding, especially with MTA-based sealers, 
by improving the mechanical and chemical interaction 

with dentin. However, other research shows that the SL 

can hinder sealer adaptation, leading to microleakage and 

compromised treatment success. This inconsistency 
suggests that the SL's role may depend on factors like 

sealer type and removal techniques. More research is 

needed to clarify these interactions and develop 

evidence-based protocols. 
 

LIMITATIONS 

The experimental nature of the studies limits 

their applicability to clinical settings, as external factors 

are not considered, reducing the practical relevance of 
the review. Nonetheless, the research advances 

understanding of dentin adhesion in calcium silicate-

based materials and paves the way for future studies. 

Despite limitations, clinicians can still glean insights into 
material differences and the smear layer's impact on 

adhesion. The modified CONSORT checklist by 

Faggion et al., was used for quality assessment, revealing 

high checklist adherence across studies, indicating low 

bias. The studies' heterogeneity made quantitative or 
qualitative synthesis difficult, highlighting the need for 

further research to confirm findings and draw specific 

conclusions. 
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