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Resumo 

Objetivo: Avaliar os efeitos decorrentes da aplicação de diferentes protocolos de irrigação na 

ultraestrutura da dentina coronária. 

Materiais e Métodos: Dois discos de dentina, obtidos a partir de um terceiro molar 

permanente humano, foram seccionados em 5 fragmentos dentinários. As amostras foram 

aleatoriamente divididas em cinco grupos de estudo (n=1), de acordo com os seguintes 

protocolos de irrigação:  G1: água destilada (controlo); G2: 3% NaOCl; G3: 3% NaOCl + 17% 

EDTA; G4: 3% NaOCl + 17% EDTA + 2% CHX e G5: 3% NaOCl/9% ácido etidrónico (HEDP). 

A ultraestrutura dentinária foi posterioremente analisada com recurso a microscopia eletrónica 

de varrimento (SEM). 

Resultados: O grupo controlo mostrou uma remoção incompleta da smear layer, com alguns 

túbulos obliterados e sem evidência de erosão. As amostras tratadas com NaOCl e NaOCl + 

EDTA mostraram uma remoção heterogénea da smear layer, com observação adicional de 

erosão da dentina peritubular e intertubular no grupo NaOCl + EDTA. A aplicação sequencial 

de NaOCl e EDTA, com ou sem irrigação subsequente com CHX, resultou em graus 

semelhantes de erosão dentinária. O grupo NaOCl + EDTA + CHX pareceu promover uma 

completa remoção da smear layer e abriu claramente os túbulos. Foi observada erosão da 

dentina intertubular (com pouco ou nenhum efeito a nível peritubular), modificação clara da 

topografia, bem como uma remoção eficaz da smear layer nas amostras tratadas com 

NaOCl/HEDP. 

Conclusão: Todos os protocolos de irrigação, com exceção da água destilada e do NaOCl 

aplicado isoladamente, resultaram em alterações da ultraestrutura da dentina coronária. 

Verificou-se uma maior eficácia na remoção da smear layer após a aplicação sequencial de 

NaOCl, EDTA e CHX. Adicionalmente, a irrigação com NaOCl e EDTA, com ou sem irrigação 

subsequente com CHX, resultou em graus semelhantes de erosão dentinária. A associação 

de NaOCl com EDTA causou erosão da dentina peritubular e intertubular, enquanto que a 

combinação NaOCl/HEDP promoveu pouca ou nenhuma erosão da dentina peritubular, com 

modificação topográfica da dentina intertubular e promoveu uma remoção eficaz da smear 

layer. 

 

Palavras-Chave: Ácido etidrónico, clorhexidina, dentina coronária, EDTA, hipoclorito de 

sódio. 
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Abstract 

Aim: To evaluate the effects of different irrigation protocols on coronal dentin ultrastructure. 

Methods: Two discs obtained from one third human permanent molar were sectioned into five 

dentinal fragments. Specimens were then randomly distributed among five study groups (n=1) 

according to the following irrigation protocols: G1: distilled water (control group); G2: 3% 

NaOCl; G3: 3% NaOCl + 17% EDTA; G4: 3% NaOCl + 17% EDTA + 2% CHX and G5: 3% 

NaOCl/9% etidronic acid (HEDP). Subsequent scanning electron microscopy (SEM) analysis 

was performed for dentinal ultrastructure assessment. 

Results: Control group showed incomplete smear layer removal, with some obliterated 

dentinal tubules and no signs of degradation or erosion. Samples treated with NaOCl and 

NaOCl + EDTA exhibited heterogeneous smear layer removal, with erosion of both peritubular 

and intertubular dentin observed in the NaOCl + EDTA group. Sequential irrigation with NaOCl 

and EDTA, with or without subsequent CHX application, resulted in similar dentin erosion 

degree. NaOCl + EDTA + CHX group seemed to promote complete smear layer removal and 

plainly opened the tubules. Although few to no peritubular effects, intertubular dentinal erosion, 

with a clear topographic modification and effective smear layer removal, were observed 

following irrigation with NaOCl/HEDP.  

Conclusion: All irrigation protocols led to structural changes in coronal dentin ultrastructure, 

except distilled water and isolated NaOCl application. Sequential irrigation with NaOCl, EDTA, 

and CHX allowed the most efficient smear layer removal. Moreover, irrigation with NaOCl and 

EDTA, with or without subsequent CHX application, resulted in similar dentin erosion degree. 

EDTA following NaOCl irrigation induced erosion of both peritubular and intertubular dentin 

while NaOCl/HEDP combined solution produced few to no peritubular erosion with a 

topographic change in intertubular dentin and an effective smear layer removal. 

 

Keywords: Chlorhexidine, coronal dentin, EDTA, etidronic acid, sodium hypochlorite. 
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Introduction 

Non-surgical endodontic treatment (TENC) aims to treat or prevent apical periodontitis.(1) The 

success of TENC relies, among several factors, on effective cleaning, disinfection, and shaping 

of the root canal system.(2) The complex anatomy of the root canal space limits the action of 

mechanical preparation, thus requiring simultaneous chemical preparation during endodontic 

therapy to reach areas left untouched by the instruments.(2,3) 

After mechanical preparation, dentin surface is covered with smear layer, which presents an 

amorphous, irregular, and granular aspect and is composed of inorganic (dentin chips 

containing hydroxyapatite) and organic material (necrotic or vital pulp tissue, odontoblastic 

remnants, coagulated proteins, blood cells, nerve fibers, collagen, tissular fluid, saliva, 

bacteria, and their by-products).(4) Complete removal of smear layer previously to root canal 

filling results in an improved adaptation of obturation materials, decreases apical and coronal 

microleakage, and facilitates the diffusion of irrigant solutions and intracanal medications within 

the root canal system.(5) It is also believed that removing smear layer exposes the attached 

microbiota and their toxins from root canal walls, ultimately reducing the potential of bacterial 

survival and reproduction.(6) Thus, an ideal irrigation solution should be able to ensure smear 

layer removal.(7) 

The most commonly used irrigating solutions include sodium hypochlorite (NaOCl) in 

concentrations ranging from 2.5% to 5.25%, 17% ethylenediaminetetraacetic acid (EDTA) and 

10% citric acid (CA) as chelating agents, as well as 2% chlorhexidine (CHX).(6,8) Recently, 

etidronic acid (HEDP) has been suggested as an alternative to EDTA. This weak chelator can 

be mixed with NaOCl, to be used as a single irrigating solution.(8) As none of these irrigants 

displays all ideal properties, simultaneously targeting organic and inorganic components of 

smear layer, it becomes mandatory to combine different solutions by developing irrigation 

protocols to overtake the shortcomings inherent to each irrigant solution and fulfill the chemical 

preparation objectives.(9)  

Antisepsis of the root canal space is thus ensured by combining distinct irrigating agents, which 

operate at the level of organic (proteolytic and antiseptic agents) and/or inorganic substrates 

(demineralizing/chelating substances).(6,8)  

Dentin presents a unique and complex substrate that constitutes the bulk of tooth structure 

and absorbs mechanical loads.(8) It comprises approximately 45% inorganic phase, 33% 

organic matrix, and 22% water.(10) Microscopically, this mineralized connective tissue is 

bursting with organic substances or extracellular matrix. Type I collagen fibers present the 

main organic component, playing an essential role in distributing the functional stress applied 

to the tooth. The inorganic phase of dentin encloses hydroxyapatite crystals and other mineral 
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salts, such as carbonates and amorphous calcium phosphates. Microstructurally, dentin 

contains inverted-cone-shaped dentinal tubules, which contain odontoblastic processes, 

collagen fibers in deeper regions, and dentinal fluid, making it sensitive to structural and 

biological alterations.(8) 

During endodontic treatment, irrigation solutions may affect mechanical and structural dentin 

characteristics.(8,11,12) Previous studies identify both mineral content and chemical composition 

changes, as well as dentin erosion, as consequences of root canal disinfection.(7,11,13–15) The 

deleterious effects of chemical preparation in root dentin are currently well-described and 

depend on concentration, time of exposure and, regarding chelating agents, on pH.(8,16,17) Most 

studies refer impairment of micro and nanohardness.(7,9,12,15,18) Findings indicating a negative 

impact on strength properties are also reported.(18,19) A possible reduction of dentin modulus 

of elasticity following EDTA and NaOCl is also described(20) and some authors outline an 

impairment on adhesion to root dentin.(21–23) 

Despite extensive reports on the effects in root dentin, structural changes of coronal dentin 

following irrigation protocols remain unclear, even though this dentin is exposed to irrigants 

deposited in the pulp chamber with the same or higher volume and duration as root dentin.(9,24) 

Coronal dentin has a distinct number, diameter, and direction of dentinal tubules. Hence, the 

heterogeneity of the dentinal substrate impairs the extrapolation of irrigation protocols’ effects 

from root to coronary dentin. Considering the inevitability of using root canal irrigants in 

endodontics and recognizing the negative impact of their use on the mechanical properties of 

endodontically treated teeth, it becomes crucial to assess the effects of these substances also 

in coronal dentin, which will be the primary substrate for adhesion, thus being responsible for 

the long-term stability of the endodontic and restorative treatment. 

The present in-vitro pilot study aims to evaluate the effects of different irrigation protocols on 

coronal dentin ultrastructure. The alternative hypothesis is that irrigation protocols cause 

structural changes in coronal dentin ultrastructure. 
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Methods 

This study was approved by the Ethical Committee of the Faculty of Medicine, University of 

Coimbra (notification CE-001/2013). One intact third human permanent molar extracted for 

orthodontic reasons was selected. The tooth was clinically and radiographically free of caries, 

cracks, restorations, or other abnormal features and had no previous root-canal treatment. The 

tooth surface was cleaned using periodontal scalers and polished with pumice and water to 

remove adherent organic material or calculus previously to immersion. Subsequently, it was 

stored in 0.5% chloramine T at 7ºC for five weeks before initiating the experimental procedures. 

 

1. Dentin discs preparation 

The tooth’s radicular portion was embedded in autopolymerizing acrylic resin 

(Autopolimerizable Acrylic Resin; Schmidt Laboratory, Madrid, Spain; Lot: 47975, Expiration 

date: 2024/11) up to the cementoenamel junction. Two coronal dentin discs (one vestibular 

and one lingual) were obtained through longitudinal sectioning parallel to the long axis of the 

tooth. The section was performed with a low-speed (300 rpm at 0.050 mm/s) diamond disc 

(Accutom-5; Struers, Ballerup, Denmark) under continuous water cooling. Dentin surfaces 

were subsequently manually prepared using abrasive sandpaper in an ascending grit series 

(120, 240, and 600 grits according to ISO/DTS 11405) under constant irrigation to create smear 

layer. Vestibular and lingual discs were then sectioned in 3 and 2 dentin fragments, 

respectively, producing a total of 5 fragments. Disk sectioning into fragments was performed 

with a high-speed diamond bur under water cooling.  

 

2. Dentin surface irrigation 

Dentin samples were randomly assigned to five study groups (n=1) immediately after 

sectioning, according to the irrigation protocols shown in Table 1. 

 
Table 1. Study groups.  

Study group Irrigation protocol 

G1 (Control) DW Distilled water 

G2 NaOCl 3% NaOCl 

G3 NaOCl/EDTA 3% NaOCl 
17% EDTA 

G4 NaOCl/EDTA/CHX 

3% NaOCl 
17% EDTA 
0.9% NaCl 
2% CHX 

G5 NaOCl/HEDP 3% NaOCl/9% HEDP 
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Dentin surface of specimens from groups 2, 3, and 4 was immersed in 3% NaOCl pre-heated 

at 37ºC (Digital Thermostatic Water Bath; Nahita, Beriain-Navarra, Spain) for 30 minutes. 

Subsequently, specimens from both 3 and 4 groups were introduced in 1 mL of 17% EDTA for 

1 minute. Additionally, after immersion in saline solution (2 rounds of 1 minute in 1 mL), a final 

immersion in 1 mL of 2% chlorhexidine for 2 minutes was performed in group 4. Samples from 

the control group and group 5 were irrigated for 30 minutes with distilled water or a combination 

of 3% NaOCl and 9% HEDP at 37ºC, respectively. All distilled water, NaOCl, and NaOCl/HEDP 

solutions were renewed with 1 mL of irrigant solution every 2 minutes. Lastly, the exposed 

dentin was rinsed with water for 1 minute and dried using absorbing paper. The combined 

solution was freshly mixed before initiating the irrigation protocol by using a sterile spatula to 

mix 20 mL of NaOCl with the powder contained in 2 capsules of Dual Rinse® HEDP (Table 2) 

for 2 minutes.  

Irrigation procedures were performed within a glass recipient on top of a vibrating base. All 

previously described experimental procedures were performed in a controlled environment of 

22.1ºC and 43% humidity. 

 
Table 2. Irrigant solutions specifics. 

 

 

3. Scanning Electron Microscopy (SEM)  

For SEM analysis, immediately after irrigation procedures completion, all dentin specimens 

were firstly fixed in 2.5% glutaraldehyde in 0.1M phosphate buffer (PBS) (0.1M, pH 7.4) for 48 

hours at 4ºC. Samples were then rinsed three times with PBS 0.1M for 30 minutes each. For 

dehydration, the fixed specimens were immersed in ascending ethanol concentration solutions 

(30%, 50%, 70%, 80%, 95%, 100%, 100%) for 20 minutes each, followed by 

hexamethyldisilazane (HMDS) drying until its complete evaporation. Samples were then 

covered with absorbent paper and stored with silica at room temperature. Subsequently, 

specimens of each group were fractured into halves to allow transversal and longitudinal SEM 

Irrigant solution Manufacturer Lot / Expiration date 

Sodium hypochlorite 3% Henry Shein Inc. 
Melville, USA 

NH3-0221-8KV6 
01/2022 

CanalProTM EDTA 17% Coltène/Whaledent GmbH + Co.KG 
Langenau, Germany 

171430 
03/2023 

CanalProTM CHX 2% Coltène/Whaledent GmbH + Co.KG 
Langenau, Germany 

171012 
11/2021 

Dual Rinse® HEDP Medcem GmbH 
Bahnhofstrasse, Weinfelden 

DR210419 
03/2024 
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visualization of the dentin tubules. Afterwards specimens were set up on aluminum stubs using 

carbon glue and sputter-coated with gold-palladium for SEM (SEM S-4100; Hitachi, Chiyoda, 

Tokyo, Japan) observation at 15.0 kV to assess dentin ultrastructure. Photomicrographs were 

obtained under 2.000x and 10.000x magnification. 
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Results 

Figures 1 to 5 show the representative SEM photomicrographs of the coronal dentin after 

irrigation.  

Samples from the control group showed incomplete smear layer removal, with some 

obliterated dentinal tubules (Figure 1A). In cross-section, dentin tubule orifices were visible, 

with peritubular and intertubular dentin surfaces exhibiting a smooth aspect with no signs of 

degradation or erosion (Figure 1B). 

 

 

 

 

 

 

 

In the NaOCl group, an inconsistent pattern of smear layer removal was observed, with most 

areas either totally or partially covered with dense, abundant smear layer and few areas where 

dentin tubule orifices could be observed (Figure 2).  

 

 

 

 

 

 

 

Figure 2. Representative SEM photomicrographs of coronal dentin after irrigation with NaOCl 
(2.000x): (A) longitudinal section – dense smear layer; (B) cross section – visible tubule orifices. 

 

A B 

Figure 1. Representative SEM photomicrographs of coronal dentin after irrigation with distilled water 
(2.000x): (A) longitudinal section – incomplete smear layer removal with some obliterated tubules 
(arrows); (B) cross section – dentin tubules orifices visible and no signs of erosion. 

A B 
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Samples treated with NaOCl/EDTA exhibited heterogeneous smear layer removal, with some 

tubule orifices partially occluded (Figure 3B). Erosion of peritubular and intertubular dentin, 

with widening of the dentinal tubule openings, was evident in this group (Figure 3A,C). In some 

regions, the magnitude of erosion resulted in intertubular dentin thinning or even 

disappearance between tubule openings (Figure 3C). 

 

 

 

 

 

 

 
The dentin ultrastructure analysis of NaOCl/EDTA/CHX group was similar to that of 

NaOCl/EDTA group but with a discernable reduction in smear layer. Plainly opened tubules, 

in which smear layer appeared to have been entirely removed, were observed (Figure 4B,C). 

Opened calyx-shaped tubule orifices are found in longitudinal photomicrographs under high 

magnification (Figure 4A,B).  

 

 

 

 

 

 

 

 

Figure 3. Representative SEM photomicrographs of coronal dentin after irrigation with NaOCl + 
EDTA: (A) longitudinal section – heterogeneous smear layer removal and widening of the tubule 
openings (2.000x); (B) longitudinal section – tubule orifices partially occluded with smear layer (arrow) 
(10.000x); (C) cross section – erosion of peritubular and intertubular dentin with intertubular dentin 
disappearance between tubule openings (arrows) (2.000x). 

 

A B C 

Figure 4. Representative SEM photomicrographs of coronal dentin after irrigation with NaOCl + 
EDTA + CHX: (A) longitudinal section – calyx-shaped tubule orifices (arrows) (2.000x); (B) cross 
section – completely smear layer removal (2.000x); (C) cross section – plainly opened tubules 
(10.000x). 

A B C 
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Intertubular dentinal erosion was observed in samples treated with NaOCl/HEDP combined 

solution, although few to no peritubular effects were found. A clear topographic modification 

with surface roughening and an apparent increase in intertubular dentin area is shown in Figure 

5.  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 

 

 

 

 
 
 
 
 
 

A B Figure 5. Representative SEM photomicrographs of coronal dentin after irrigation with NaOCl/HEDP 
(2.000x): (A) longitudinal section; (B) cross section. Topographic modification with surface 
roughening. 

A B 
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Discussion 

This study assessed the structural changes caused by different irrigation protocols in coronal 

dentin. The alternative hypothesis was accepted since irrigation protocols led to structural 

changes in coronal dentin ultrastructure. 

Irrigation is a sine qua non step for the success of non-surgical endodontic treatment. Sodium 

hypochlorite remains the most widely recommended irrigant in endodontics due to its 

antimicrobial properties and unique capacity to promote pulp tissue dissolution.(8,25) It has been 

reported that, regarding root dentin, NaOCl alone does not effectively remove the smear layer, 

regardless of the different concentrations and application time.(15,26,27)  In this study, 3% NaOCl 

at 37ºC for 30 minutes was associated with an incomplete smear layer removal, with areas 

either totally or partially covered with a dense smear layer. Accordingly, Pedersen et al.(24) 

found that, in coronal dentin, smear layer was still present in samples exclusively irrigated with 

NaOCl. Previous studies described the remaining smear layer as thick and completely 

obliterating the dentinal tubules, whereas in this study, few tubule openings were still visible. 

This difference might have originated in the longer irrigation time and irrigant’s agitation related 

to using a vibrating base in the present study, which may have contributed to a more efficient 

mechanical smear layer removal.(15,24,26) Similarly, a higher degree of smear layer removal was 

found in the control group when compared to data reported in the literature. Distilled water 

agitation with a vibrating base, common to all irrigation protocols, together with constant 

solution renewal, might also explain these results. Another possible explanation may reside in 

the fact that SEM images were obtained from deep dentin, in which more dentinal tubules are 

present. The use of abrasive sandpaper to create smear layer tends to have more open 

dentinal tubules than a dental bur as well as produces a less smear layer.(28) This could also 

explain both higher degree of smear layer removal and opened dentinal tubules. 

The use of a chelating agent in addition to NaOCl has been advocated to allow complete smear 

layer removal.(27) A combination of NaOCl and EDTA is recommended to efficiently remove 

both organic and inorganic components of the smear layer. However, changes in both organic 

and inorganic dentin phases, as well as dentin erosion, have been described when NaOCl was 

used in association with the chelating agent.(15,26) These findings are in agreement with those 

obtained from the present study, in which EDTA used subsequently to NaOCl caused erosion 

of both peritubular and intertubular dentin, with widening of the dentinal tubule openings. 

Conversely, previous reports indicate no erosive effect after using EDTA associated with 

NaOCl.(18,29) These results’ unconformity might be explained by different NaOCl and EDTA 

application times, which were higher in the present study, as well as different methodologies, 

as our study tried to simulate clinical conditions where irrigants are applied with an abundant 
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flow. Furthermore, the fact that most literature results refer to root dentin could also be an 

explanation.(15,18,26,27,29) 

According to the literature, when NaOCl is used before EDTA, the hydroxyapatite coating 

seems to protect the underneath collagen fibers from the dissolving action of NaOCl. On the 

contrary, when NaOCl is used subsequently to the EDTA, it can directly degrade collagen 

previously exposed by the demineralizing agent. Thus, the erosive effects are more intense 

when NaOCl is used subsequently to EDTA.(30)  

Although the application time of irrigants presents an important factor, there is no consensus 

regarding the optimal contact time during which irrigants should be applied in the root canal to 

ensure complete removal of the smear layer. It has been suggested that 1-minute EDTA 

irrigation effectively removes the smear layer, while a 10-minute application leads to excessive 

peritubular and intertubular dentin erosion. Hence, EDTA is not recommended for a more 

extended application than 1 minute to avoid undesirable amplified dentin erosion.(31) 

Considering this, in the present experimental study, EDTA was applied only for 1 minute in 

both groups 3 and 4. 

Final CHX immersion in group 4 (NaOCl + EDTA + NaCl + CHX) showed similar results when 

comparing with group 3 (NaOCl + EDTA), but with a marked reduction in smear layer. 

According to the literature, CHX is a potent antiseptic that causes no adverse effects on the 

mechanical properties of root canal dentin.(20) It holds benefits as a root canal irrigant, including 

affinity to dental hard tissues with an extended antimicrobial activity and potential to 

remineralizing the demineralized dentin.(25) However, despite its usefulness as a final irrigant, 

CHX cannot be advocated as the main irrigant because of its incapacity to dissolve pulp tissue 

remnants. In the present study, 2% CHX was included since it simulates the concentration 

applied in endodontic irrigation.(25) The higher levels of smear layer removal observed in the 

present study, when compared to group 3 (NaOCl + EDTA), are thought to stem from a purely 

mechanical debriding action of the added two minutes irrigation with NaCl and two more 

minutes with CHX under vibration, not from the chemical reactivity of CHX. 

Recently, a new chelator has been suggested as an alternative to EDTA.(25) Etidronic acid 

(HEDP) is a biocompatible chelator that can be used in combination with sodium hypochlorite 

without short-term properties loss in both compounds. Therefore, a NaOCl/HEDP combination 

was newly introduced as a single irrigant during and after instrumentation.(32) It has also been 

reported that the addition of etidronate powder to NaOCl increases surface tension of the 

mixed solution leading to less penetration on dentin which may limit its adverse effects.(33) 

Zehnder et al.(32) suggested that HEDP is a less aggressive chelating agent than EDTA, with 

minimal demineralization potential, although also efficient for smear layer removal. Concerning 
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root dentin, peritubular and intertubular erosion has been found following irrigation with  9% 

HEDP and 2.5% NaOCl/9% HEDP.(29) Our results in coronal dentin demonstrated that the 

tested combined solution (3% NaOCl/9% HEDP) caused intertubular erosion with a 

topography change in which dentinal tubules maintain their original width. However, dentin 

suffers a superficial roughening and, thus, an apparent increase in surface area speculated to 

allow for an improved interface between root or coronal dentin interface with either cement or 

adhesives. These findings can be attributed to the possibly higher wettability and penetration 

ability of HEDP compared with other irrigants.(33) The optimal concentrations of HEDP that can 

remove the smear layer and exert antibacterial activity were reported to be 9-18%(34), with 

lower concentrations being recommended to carry out the tested continuous chelation 

protocol.  

The present study aimed at providing a scenario close to the clinical context and overcome 

some of the limitations potentially associated with in vitro testing. 

It has been advocated in the literature that irrigant delivery and, especially, the activation of 

irrigation solutions are both crucial for further improving cleanliness and disinfection of the 

entire root canal system. Different methods of activation (manual agitation,  manual-dynamic 

irrigation, sonic or ultrasonic activation and laser) have been suggested and, overall, they 

appear to have better results when compared with conventional syringe needle irrigation 

alone.(35) Thus, in agreement with these facts, a vibrating base was used to simulate irrigants 

activation. 

Although dentin discs immersion in the irrigation solutions does not directly reproduce clinical 

conditions, this technique attempts at simulating the irrigant flow to which dentin is subjected 

inside the root canal or in the access cavity during the endodontic procedure.(12) 

Although intrinsic to the nature of a pilot study, the small sample size presents additional 

limitations. To mitigate these and other procedural limitations, methodology standardization 

among different groups was taken into account by preparing similarly dimensioned dentin discs 

and using the same volume of irrigants, under the same technical and environmental 

conditions.  

Resistance against fracture and the durability of coronal restorations might play a major role 

in the survival of endodontically treated teeth.(24) Chemical solutions used during root canal 

preparation may alter the structure, but also the chemical composition of dentin. Changes in 

dentin ultrastructure and composition can lead to a reduction in fracture resistance and affect 

interaction with materials used for coronal sealing.(7,36) Also, bonding effectiveness between 

adhesive systems and dentinal substrate depends on several variables, including dentin 
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inorganic and organic integrity.(37) Thus, the choice of an adequate irrigant solution to be used 

during the endodontic therapy assumes a crucial relevance.  
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Conclusion 

Within the limitations of the present in vitro study, all irrigation protocols led to structural 

changes in coronal dentin ultrastructure, except distilled water and isolated NaOCl application. 

Sequential irrigation with NaOCl, EDTA and CHX allowed for the most efficient smear layer 

removal. Moreover, irrigation with NaOCl and EDTA, with or without subsequent CHX 

application, resulted in similar dentin erosion degree. The use of EDTA following NaOCl 

irrigation induced erosion of both peritubular and intertubular dentin and enlargement of 

dentinal tubules. NaOCl/HEDP irrigation protocol produced few to no peritubular erosion, while 

promoting an effective smear layer removal and a topographic change in intertubular dentin, 

which appears to improve surface area.  

Future studies are needed to complement the qualitative structural analysis with data regarding 

the chemical composition of coronal dentin after irrigation protocols to further assess the 

impact of these alterations on its mechanical properties, including microhardness, flexural 

strength and modulus of elasticity, as well as on the bond strength of materials used for coronal 

sealing.    
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