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Abstract 

 
The aim of this study was to find a formula and application time for chelators effective in 

cleaning the root canal without causing erosion and considering dental age. The sample 

included 120 teeth: 60 taken from young patients and 60 from adult patients. They were 

instrumented and irrigated with 2.5% sodium hypochlorite (NaOCl). Each subgroup was 

divided randomly into six groups: 4 groups of 12 teeth and 2 control groups of 6 teeth. In 

the final irrigation, 17% ethylenediaminetetraacetic acid plus Cetavlon (EDTAC) or 10% citric 

acid was applied for 1 or 3 minutes according to each group.  The results showed a high level 

of cleanliness, and a few showed erosion of the dentinal tubules. Satisfactory results were 

obtained in the removal of the smear layer when applying EDTAC or citric acid combined 

with NaOCl. Erosion was present in different degrees regardless of dental age, but it was 

indeed affected by the irrigant exposure time. 
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Resumen 
 
El objetivo de este estudio fue lograr una fórmula y un tiempo de aplicación de los quelantes 

efectivos que logren la limpieza de las paredes del conducto sin causar erosiones, teniendo 

en cuenta la edad dentaria. La muestra constó de 120 dientes, 60 de pacientes jóvenes y 60 

de pacientes adultos, se instrumentaron e irrigaron con hipoclorito de sodio (NaOCl) 2,5%. 

Cada subgrupo fue dividido al azar en 6 grupos: 4 grupos de 12 dientes y 2 grupos control 



2  

con 6 dientes cada uno. En la irrigación final se aplicó ácido etilendiaminotetraacético más 

Cetavlón (EDTAC) 17% o ácido cítrico 10% durante 1 o 3 minutos según el grupo. Los 

resultados presentaron buen nivel de limpieza con algunas muestras con erosión de los 

túbulos dentinarios. Con EDTAC o ácido cítrico combinado con NaOCl se lograron resultados 

satisfactorios en la remoción del barro dentinario. La erosión estuvo presente en sus 

diferentes grados independientemente de la edad dentaria, pero no del tiempo de 

exposición del irrigante. 

Palabras clave: Quelantes, Barro dentinario, Permeabilidad de la dentina, Erosión. 
 
 
Resumo 
O objetivo deste estudo foi obter uma fórmula e um tempo de aplicação dos quelantes 
efetivos que permitam a limpeza das paredes do canal sem causar erosões, levando em 
consideração a idade dental. A amostra foi composta por 120 dentes, 60 de pacientes jovens 
e 60 de pacientes adultos, foram instrumentados e irrigados com hipoclorito de sódio 
(NaOCl) a 2,5%. Cada subgrupo foi dividido aleatoriamente em 6 grupos: 4 grupos de 12 
dentes e 2 grupos de controle com 6 dentes cada um. Na irrigação final, ácido 
etilenodiaminotetracético com Cetavlon (EDTAC) 17% ou ácido cítrico 10% foi aplicado por 1 
ou 3 minutos, dependendo do grupo. Os resultados mostraram um bom nível de limpeza com 
algumas amostras com erosão dos túbulos dentinários. Com EDTAC ou ácido cítrico 
combinado com NaOCl, resultados satisfatórios foram obtidos na remoção da camada de 
esfregaço . A erosão esteve presente em seus diferentes graus independentemente da idade 
dentária, mas não do tempo de exposição do irrigante. 
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Introduction 

 
During instrumentation of the root canal, an irregular and granular smear layer remains, 

resulting from filing the dental walls and organic remnants present in the canal (1); this layer 

is not observed on uninstrumented surfaces (2). This layer obstructs the dentinal tubules at a 

depth of 30 to 40 µm (3) by decreasing dentinal permeability, causing a delay in the action of 

topical medication and irrigants (4-5)
 and preventing close contact of the filling material with 

the dentinal walls (1,3-4). Consequently, there is a higher risk of bacterial infection and 

microfiltration (3,6). 

The conventional irrigation protocol includes sodium hypochlorite (NaOCl) at 2.5% to 5.25% 

concentrations and a chelator; they act on the organic and inorganic part of the smear layer, 

but also on the canal wall, causing its demineralization (2,5,7). 

The most commonly used chelators are ethylenediaminetetraacetic acid (EDTA) and citric 

acid. In 1957, Ostby (8)
 introduced EDTA disodium salt as an auxiliary irrigant in narrow 

and/or calcified canals. Its original formula consisted of 17 g EDTA, 05N sodium hydroxide 

(NaOH) and 100 cc distilled water. Subsequently, a quaternary ammonium compound was 

added, cetyltrimethylammonium bromide (Cetavlon), to reduce surface tension by 

improving product penetration into the dentin, achieving greater humidification and better 

antibacterial action of the chelator. This product was named EDTAC (9-10). 

Citric acid is a weak acid, effective in removing the smear layer, and which has good 

chemical stability and low cost (11). It is used at 10%, 25% or 50% concentrations with 

excellent results (12-13). 

Hard tissue demineralization can be explained based on the solubility product constant 

principle. When using EDTA to irrigate, it captures the calcium ions (Ca+2) dissolved in the 
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solution, and in turn, other dentin ions dissolve to keep the solubility product constant (8). 

Each EDTA molecule can bind to a single calcium ion, and when there is balance, no further 

dissolution occurs. 

The use of chelators can erode the dentinal walls, which, according to some authors, could 

be related to the concentration of the solution, pH, the time the product stays in the canal 

and/or dental age (6,14-15). 

The dentin demineralization caused by EDTA depends on the time the solution remains 

inside the canal, achieving the greatest effect in the first 5 minutes, after which its action 

decreases (9). 

During the chemical reaction, there is an exchange of EDTA hydrogen ions (H+) for Ca+2 ions in 

the dentin, which reduces the solution’s pH, thus decreasing the chelating action (16).  

In 1986, Kennedy, Walker & Gough (6)
 suggested that increased tubule diameter caused by 

demineralization with chelators depends on the degree of tooth maturation, achieving 

greater openness in younger teeth that are less mineralized than adult teeth; they 

suggested implementing greater chelation in the latter to achieve good results. 

The objectives of this study were: a) to evaluate the effectiveness of the 17% EDTAC and 

10% citric acid prepared formula to remove the smear layer after biomechanical 

preparation; b) to select the most appropriate chelator exposure time (1 or 3 minutes) to 

ensure better cleaning of the dentinal walls without eroding them and considering dental 

age; and c) to evaluate crystal formation when using citric acid. 

 
Materials and methods 

 
The study was approved by the Ethics Committee of the School of Dentistry of Universidad 

de la República. One hundred and twenty human teeth were used. They had been 
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previously disinfected with 2% glutaraldehyde: 60 from young patients (15-25 years of age) 

and 60 from adult patients (40 years of age and older). Monoradicular anterior teeth and 

premolars with fully formed apices were selected. They had been removed due to caries 

(class I and II), periodontal problems (severe chronic periodontitis) or orthodontics 

treatment, after having the patient’s informed consent. 

Mesiodistal and buccopalatal radiographs were taken, which confirmed that the teeth had 

one canal, with a curvature of 5° or less according to Schneider’s classification (17), with a 

radius > 80 mm according to Schäfer’s formula (18). The following teeth were discarded: 

teeth with greater curvatures, those with more than one canal, with resorptions, or 

previously treated teeth. Chronological age was also assessed to match dental age. A cross-

section was made at the neck of the tooth to remove the crown using a refrigerated 

diamond disc (930 D Jota Switzerland), maintaining a root length of 15 mm. A longitudinal 

groove was then made on the proximal sides of the root to facilitate tooth section into two 

halves after canal preparation. 

Each subgroup of 60 roots taken from young people (A) and 60 from adults (B) was 

randomly divided into 6 groups: 4 groups of 12 teeth and 2 control groups of 6 teeth 

(Table 1). 

Table 1. Definition of groups 

 

Solutions Group A  

(young people) 

Group B  

(adults) 

17% EDTAC - 1 min A1 B1 

17% EDTAC - 3 min A2 B2 

10% citric acid - 1 min A3 B3 

10% citric acid - 3 min A4 B4 

2.5% NaOCl - 1 min (Control) A5 B5 

2.5% NaOCl - 3 min (Control) A6 B6 
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The working length was determined by penetrating the apical foramen with a K file No. 15 

(Dentsply Maillefer Sirona Switzerland) and then 1 mm was substracted. The cervical and 

middle thirds were expanded with Gates Glidden 3, 2 and 1 burs (Dentsply Maillefer, 

Ballagues Switzerland) and the rest of the canal with K limes (Dentsply Maillefer Sirona 

Switzerland) applying the step back technique. The apical third was prepared up to a 35 or 

40 file. The young teeth required higher caliber apical preparation (No. 50 to 70) given the 

canal width. A 5 ml hypodermic syringe with a 25G needle was used for irrigation with 2 ml 

of 2.5% NaOCl at each instrument change and reassessing constantly. As final irrigation 

(canal cleansing), it was washed with 2 ml of 2.5% NaOCl, aspirated with syringe and dried 

with paper cones (Antaeos, VDW Germany). It was then irrigated with 1 ml of the chelator 

to be tested with an insulin syringe (27G needle). These solutions (prepared at the 

Biochemistry Laboratory of the School of Dentistry, Universidad de la República) were kept 

in the canal for 1 or 3 minutes depending on the group, stirring them for 30 seconds with a 

K15 file (Dentsply Maillefer Sirona Switzerland) so the solution would have greater 

effectiveness. The chelator was removed by washing with 4 ml of 2.5% NaOCl and dried with 

paper cones. In all cases, the apical foramen was sealed with resinous wax (Dentorium USA) 

to prevent irrigant leakage. 

The roots were sectioned longitudinally, fitting an instrument into the grooves previously 

made on the proximal surfaces. The samples were observed in the cervical, middle, and 

apical thirds using the scanning electron microscope (Jeol JSM 5900 LV Japan) in x1000 and 

x4000 magnifications, obtaining 360 images at each magnification. 

A scale with four levels was created to evaluate the presence of a smear layer: 
 

1. Absence of smear layer: open and clean tubules. 
 

2. A thin smear layer on the surface: some tubules (less than 50%) with smear layer 
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covering the openings. 

3. Presence of smear layer on the surface and most tubules closed (over 50%). 

4. Thick smear layer; tubules are not distinguishable. 
 
A four-level scale was developed to assess the degree of erosion in the walls of the dentinal 

tubules: 

0. No erosion: all tubules look normal. 
 

1. Incipient erosion of the peritubular dentin appearing on the edges of the tubules. 
 
2. Moderate erosion of peritubular dentin. 

3. Severe erosion: the intertubular dentin is destroyed and the tubules may be 

connected to each other. 

Three observers were calibrated (Kappa Test: 0.76 for cleanliness and 0.78 for erosion). 

The results were evaluated quantitatively and with two variables with the chi-square test and 

subsequently, using multivariate models of binary logistic regression. 

 

Results 

 
In the control groups where NaOCl was the sole irrigant, a dense smear layer was observed 

covering the entire canal surface. In contrast, the groups where EDTAC or citric acid and 

NaOCl were applied, both supplements were effective in removing the smear layer. As for 

the degree of cleanliness of the two chelators, there was no significant difference (p= 

0.267). The level of cleanliness achieved by chelators (EDTAC and citric acid) according to 

dental age was higher in the young teeth (p= 0.038 and p= 0.00025) respectively. 

Time was shown to be a dependent variable regarding cleanliness (p= 0.00576) (Chart 1). A 

multivariate model of binary logistic regression was tested with the cleanliness variable as a 

dependent variable, and age, time, third and irrigant as independent variables. The model 
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was adjusted (Hosmer and Lemeshow Test, p= 0.601) and showed that age, time, and third 

of the canal are significantly dependent. The more time, the better cleanliness; the older the 

tooth, the thicker the smear layer, and the more apical, the less cleanliness. The irrigant did 

not appear to be significantly dependent. 

 
 

Chart 1: Degree of cleanliness achieved by chelators over time 
 
 
 

In addition, erosion was evaluated based on the chelator, time of action and dental age. In 

the samples where EDTAC was applied (groups A1, A2, B1 and B2 in their three thirds) 

regardless of time and age, 54.9% of them showed erosion. Of the total samples, 15.3% 

corresponded to level 2 (moderate erosion) and 4.9% to level 3 (severe erosion). Regarding 

citric acid, 47.2% showed erosion, it being moderate in 15.3% of cases and severe in 9% of 

samples (Fig. 1). All the groups had most samples with incipient erosion (level 1). 
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d d 

Considering the exposure time factor, the EDTAC eroded more at 3 minutes (p= 0.037), 

while, in the groups using citric acid, erosion was similar at both times (p= 0.727) (Chart 2). 

Erosion was age independent for both chelators (citric acid: p= 0.984; EDTAC: p= 0.222). 

 
 

  
 

 

Fig. 1. a) Moderate erosion. b) Severe erosion. c) and d) Oblique view of erosion of 

dentinal tubules 

 
 
A multivariate model of binary logistic regression was tested taking the erosion variable as 

dependent, coding the samples as follows: no erosion (0) and erosion (1, 2, 3). The 

independent variables were time, third, cleanliness and irrigant (Hosmer and Lemeshow 

Test, p=0.997). Cleanliness was significantly related to erosion so that the greater the 

cleanliness, the greater the erosion (p= 0.001), and although the irrigant was not significant 

a b 
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(p= 0.09), citric acid tended to erode more. 

 
 
 

Chart 2: Degrees of erosion according to chelator and time 
 
 

 
When citric acid was used, crystals were observed in 8.3% of samples (Fig. 2). 

 
 
 

 

Fig. 2: Presence of crystals when citric acid was used 
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Discussion 

 
Final irrigation of the canal with a chelator and NaOCl is essential to reach the right 

cleanliness and disinfection levels. Both irrigants complement each other by removing the 

organic and inorganic remnants generated during the instrumentation of the walls, making 

it possible to clean areas inaccessible with instruments and sealing lateral and accessory 

canals (19). 

Both EDTAC and citric acid achieved smooth, clean walls with open dentinal tubules, unlike 

control groups, where only NaOCl was used. These findings are consistent with the results of 

other authors (7,11,20). 

In 2018, Machado, Garcia, da Silva Neto et al. (21) achieved greater cleanliness in the cervical 

and middle thirds compared to the apical third using the same chelators, as we did. 

When a surfactant (Cetavlon) was added to the EDTA formula, a more effective irrigant 

solution (EDTAC) was achieved, as shown in the literature (22-23). 

The cleanliness achieved in young teeth was greater than in adult teeth with both chelators. 

This may be because tubule diameter in young teeth is larger, thus improving irrigant 

penetration. Additionally, the wider canal allows a greater volume of solution to penetrate, 

so there will be greater dissociation and capture of metal ions, which increases chelation (4). 

Another point to consider is the access the irrigation needle has to the apical third, which is 

improved in large canals, allowing for better irrigation. 

There is no agreement regarding how long the chelator should remain in the canal. This 

study reported greater efficacy after three minutes, but structural changes in the dentinal 

walls were noted, which is consistent with other findings (14,24) . 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Machado%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29205666
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machado%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29205666
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Neto%20UX%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29205666
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Neto%20UX%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29205666


12  

Irrigation with EDTAC caused deterioration at a longer time, while with citric acid, the results 

were similar in 1 and 3 minutes. 

Other studies show clean walls with open tubules, with no changes in the peritubular and 

intertubular dentin when using EDTA for 1 minute. When the chelator is left for longer, it 

causes a major change in the canal’s inner surface (14,25-26). 

In 2015, Turk, Kaval, & Sen also observed erosion, despite using EDTA and citric acid for 1 

minute, at lower concentrations than in this study, 5% and 2.5% respectively (27). 

Erosion could be observed in groups A and B indicating that age is not a determining factor 

for demineralization. These results are not consistent with the idea of Kennedy, Walker & 

Gough (6) who suggested, without conducting a study, that chelators cause greater 

demineralization in young teeth because they are less mineralized. 

In the final irrigation, chelators eliminate the inorganic matter generated during 

instrumentation, but also act on the dentinal wall by dissolving the hydroxyapatite crystals 

and exposing the collagen network. Subsequent irrigation with NaOCl would act directly on 

the collagen, causing excessive surface wear, resulting in excessive opening of the tubules 

lumen and their joining when the intertubular dentin disappears (2,28). Collagen fibrils are 

protected by hydroxyapatite crystals, so NaOCl initially causes their denaturation slowly. 

However, when chelators are used, collagen is exposed and rapidly attacked by it without 

the protection of the crystals (29-31). 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Turk%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26335205
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaval%20ME%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26335205
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Niu, YoshioKa, Kobayashi & Suda 2002 (21) and Qian, Shen & Haapasalo 2006 (32) show no 

erosion when only a chelator is used in final irrigation. In contrast, when NaOCl is used after 

the chelator, erosion appears. 

Uninstrumented virgin canal areas were observed in some microphotographs. The presence 

of unextracted predentin shows an image similar to that of the highly eroded, dentinal 

tubules with a broad lumen and interconnected ducts (Fig. 3 a). These findings are 

consistent with other studies (33-34). 

  
 

Fig. 3: a) Predentin on the canal wall without instrumentation; b) Calcospherites with 

exposed tubules 

In the uninstrumented areas, NaOCl eliminated the predentin, exposing a globular surface 

corresponding to the calcospherites (dentin mineralization fronts) and the action of the 

chelator, left the dentinal tubules uncovered (Fig. 3 b). These observations are described in 

other papers (2,33). 

With the use of citric acid, crystals were observed in some samples as described by other 

authors (3,7,11). Its formation could be due to the sudden increase in the pH of the solution, 

which is initially very low (1,8). By coming into contact with some remaining NaOCl in the 

canal, its pH would rise, causing its eventual precipitation. Prior to irrigation with the 

chelator, the canal was dried with paper cones to prevent both solutions from coming into 

a b 
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contact, but it was not dried again before final irrigation with NaOCl. 

During formation, the crystal grows as one layer appears on top of another until a cabbage-

like shape is achieved (35). This research shows crystals with a simple structure, with few 

layers and some in an initial formation stage. To avoid crystal formation, the canal must be 

dried between each irrigant and/or a final irrigation with distilled water is necessary to 

remove them if they are still present. 

 
Conclusions 

 
The use of EDTAC or of citric acid with NaOCl was effective in removing the smear layer and 

the action was similar with both chelators under the conditions of this study. The longer the 

exposure time, the cleaner condition was achieved, but more erosion was observed. 

Erosion appeared in young and adult teeth, so demineralization is not age-dependent. 

Crystals were observed in some samples of the citric acid groups. 
 

 
Recommendations: 

 
Use EDTAC or citric acid for one minute in both young and adult teeth to remove the smear 

layer without altering the dentinal walls. 

When using citric acid, avoid contact with NaOCl at all times or perform a final irrigation with 

distilled water to remove any crystals formed. 
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