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Abstract 
 

Aim: The purpose of this study is to examine the effect of different 
chelating solutions on microhardness and surface roughness of root canal 
dentin. 
Methodology: The crowns of sixty recently extracted maxillary central 
incisors were separated by diamond burs from the cemento-enamel 
junction. Roots are divided longitudinally into two pieces with diamond 
saw. The obtained samples were embedded in autopolymeric-acrylic and 
the dentin-surfaces of the teeth were grounded. Micro-hardness and 
surface-roughness measurements were carried out before the chelating 
processes. First group, the specimens were treated with gel-formed 17% 
Ethylenediaminetetraacetic acid [EDTA] (JE), second group, specimens 
were treated with 17% Liquid-formed EDTA (LE), third group, specimens 
were treated with 20% Citric acid (CA), and the last group specimens were 
treated with 7% Maleic acid (MA) for 120 seconds. After application of the 
chelating agents, micro-hardness and surface-roughness measurements of 
all samples were performed again. The difference between the initial and 
final measurements was calculated and statistically analyzed. One Way 
Analysis of Variance ANOVA was used for statistical-analysis and 
statistically significant difference was observed between the groups (p 
<0.05). 

Results: According to the test results, the microhardness of LE was 
statistically equal to that of JE and caused the least decrease in micro-
hardness, SA decreased micro-hardness more than LE and JE, and MA 
decreased dentin micro-hardness more than all other solutions. And 
surface-roughness results are: MA increased surface-roughness more than 
other groups, SA and JE less roughened the dentin surface than MA, and 
there was no significant difference between the two solutions, LE caused 
less increase in dentin surface roughness compared to all solutions. 
Conclusions: Besides the use of EDTA and SA, the clinical use of MA can 
be considered, and it should also be noted that EDTA differs in terms of 
surface roughness between liquid and gel forms. 
 
Keywords: Microhardness, surface roughness, gel EDTA, liquid EDTA, 
Citric acid, Maleic acid 

 

  

How to cite this article: Topbaş C, Adıgüzel Ö, Çölgeçen Ö. Investigation of the effects 
of different chelating solutions on the microhardness and surface roughness of root canal 

dentin. Int Dent Res 2019;9(1):22–9. 

mailto:dt.c.topbas@gmail.com
https://orcid.org/0000-0003-2406-1070
https://orcid.org/0000-0001-6089-3013
https://orcid.org/0000-0002-7867-4553


Topbaş et al.                                                             The effects of different chelating solutions on root canal dentin 

International Dental Research © 2019               23 

 
Introduction 

 
When chemo-mechanical preparation is 

performed, the purpose is; removing the vital, infected 
or necrotic pulp from the root canal of the tooth, 
shaping the canals, removing microorganisms, and 
removing the dentin chips and smear layer during the 
preparation (1). When the endodontic preperation is 
performed with both hand and instrument systems, a 
smear layer is formed (2). The smear layer consists of 
an organic structure composed of organic and inorganic 
fractions of calcifying tissue, pulp tissue residues, 
odontoblastic cell structure, microorganisms and blood 
cells in dentin tubules (2). The thickness of this layer, 
which does not form on the surface of the unprepared 
root canals, is between 1-5 μm; and it is changed by 
the shape, design and the sharpness of the instruments, 
and whether the dentin of the canal was wet or dry (2). 
In the past, the effect of the smear layer on the success 
rate of endodontic treatment was controversial. 
However, nowadays, the protection of this layer is 
recommended and techniques and products for this 
purpose are still being developed (3, 4).  

Different irrigants were used to remove the 
smear layer. For example, CA, ethylenediamine 
tetraacetic acid (EDTA), tetracycline isomer 
(doxycycline), acid and detergent (Tween 80) mixture 
(MTAD) were used. However, the most commonly used 
solutions are EDTA and sodium hypochlorite (5-9). SA, 
an organic acid, is now the most commonly used 
chelating agent after EDTA (10). It has been used in 
many studies to remove the smear layer after 
mechanical preparation of the canals. One 

disadvantage of using CA is to leave residues in the form 
of crystal structures in the canals. As a result, some 
problems may occur in root canal filling (5, 10, 11). MA 
is a soft organic acid used in adhesive dentistry. It is 
also used in restorative dentistry as roughening. In 
addition, in endodontics, it has been used to remove 
the smear layer at varying concentrations (5%, 7%, 10%, 
15%) (12). 

These chemical agents cause changes in dentin 
structure and alter the ratio of calcium / phosphorus 
(Ca / P) in the dentin surface (13). These changes in 
the ratio of calcium and phosphorus cause a change in 
the ratio between organic and inorganic tissues (14). 
This affects the permeability and solubility of the 
dentin, and also the binding of dental materials such as 
resin-based cements and sealers to hard tissues (4). 
The chelating agents bind to the calcium ions in the 
hydroxyapatite crystals of the peritubular dentin and 
are responsible for decalcification. In this case, the 
hardness of the root canal dentin decreases and the 
roughness increases (15). Chelating agents soften the 
dentin by making chelats with calcium ions, thus 

providing an easier preparation. Acids generally 
demineralize dentin by breaking and weakening the 
bond between organic and inorganic structures (16, 
17). The effects of various solutions on surface 
hardness and roughness of dentin have been 
investigated previously. (18-22). The aim of this study 

was to investigate the effects of four different 
chelating solutions (JE, LE, CA, MA) on microhardness 
and surface roughness of root canal dentin and to 
compare these solutions with each other. 

 

 
Materials and Methods 

 
In our study, 60 healthy maxillary incisor teeth 

were used which were extracted for periodontal 
reasons in patients between 25 and 50 years of age 
from both sexes. Care has been taken to ensure that 
the teeth are of similar morphology, that their roots 
are of similar length, that there are no cracks, 
fractures or caries, and that they have not received any 
restorative or endodontic treatment. Before the 
procedure, the periapical films of the teeth were taken 
and the teeth which were not proper for treatment 
were sieved by looking for any root canal calcification, 
internal or external resorption. And teeth with similar 
root canal width were selected. The specimens were 
stored at 37℃ at 100% humidity for 2 weeks until the 
experiments performed. Access cavities opened with 
sterile dimond burs. After the pulp of the teeth were 
extirpated with the help of a tirnerf (Mani Inc-Tochigi 
Ken, Utsunomiya-shi, Japan), the crowns were 
separated from their roots by high speed diamond burs 
(Diatec, Coltene AG, Switzerland) from the enamel-
cement border under distilled water cooling. After 
removal of the crowns, the roots were vertically 
divided into two, starting from the cervical and 
proceeding to the apex with low-speed diamond disc 
(Isomet, Buehler Ltd., Lake Bluff, NY, USA) under 
distilled water cooling. The obtained samples were 
embedded horizontally (with the dentin parts exposed) 
to autopolymerisied acrylic (as each block contains 10 
samples) (Figure 1). Then the exposed dentin surfaces 
of speciments which were embedded to acrylic were 
grounded smooth with a couple of increasing grades of 
abrasive carbide papers (500, 800, 1000, 1200 grit) 
under cooling of distilled water to smooth all surface 
burs. And then, specimens were polished with 0.1 µm 
alumina polishing paste (Ultra-Sol R, Eminess 
Tecnologies Inc., Monroe, NC, USA) on a circular felt 
disc machine (Figure 1). 

The prepared blocks are divided into M and R 
groups. Microhardness in M group, and surface 
roughness in R group. M and R groups are divided into 4 
subgroups M1, M2, M3, M4 and R1, R2, R3, R4 in order 
to apply different chelating agents. The sample in each 
subgroup is also numbered (Table 1). 

The samples in group M were used to evaluate 
the dentin microhardness by Vickers microhardness 
test. The average microhardness values of the samples 
in each block before the chelating agents were applied 
were determined by using a Vickers microhardness 
meter (Shimadzu HMV-2, Japan). For each sample, 300 
g force was applied for 20 seconds and 3 values were 
calculated at 0.5 mm distance from the root canal wall, 
one measurement from root cervical third, middle third 
and apical third. An average initial microhardness value 
was determined by averaging these three values.  



The effects of different chelating solutions on root canal dentin                                                           Topbaş et al. 

 

24                                            IDR — Volume 9, Number 1, 2019 

  
Table 1. Classification of teeth 

 

Groups 
Group M 

(Microhardness) 

Number of 

Teeth 

Group R 

(Surface Roughness) 
Number of Teeth 

17% Gel EDTA M1 15 R1 15 

17% Liquid EDTA M2 15 R2 15 

20% Citric Acid M3 15 R3 15 

7% Maleic Acid M4 15 R4 15 

 
 
 

Figure 1. Prepared samples. 

 
 

 
Figure 2. Chelation with 20% SA 

 
For group M1, JE (i-EDTA, Medicinos Linja UAB, 

Lithuania), for group M2, LE (Prime Dental Products, 
PVT, Ltd., India), for group M3, CA (Ultradent Products, 
Inc., South Jordan), for group M4, MA (Dicle University 
Faculty of Medicine, Diyarbakir, Turkey) was applied 
for 120 seconds. The samples were immersed by facing 
down in a bowl, and the sample sides of the blocks 

immersed 3 mm in the solutions. The samples were 
then washed with distilled water and dried. After the 
irrigation process was finished, three microhardness 
measurements were made again on the same area of 
each sample with a Vickers microhardness tester and 
the averages were recorded as the final microhardness 
value.  

The samples in group R were used to measure 
the surface roughness of the root canal dentin. The 
initial surface roughness measurement of all samples 
was performed using the Surftest roughness meter 
(Mitutoyo SJ 310, Japan). Five measurements were 
made from each sample. A total surface area of 1.25 
mm in length was scanned such that each measurement 
had a length of 0.25 mm and a probe speed of 0.5 mm 
/ s. The arithmetic average of the 5 values was taken. 
This average value obtained is recorded, as the initial 
surface roughness value of the sample. JE for group R1, 
LE for group R2, SA for group R3 (Figure 2) and MA for 
group R4 for 120 seconds. Then the samples were 
washed with distilled water and dried. After this 2 
minutes of chelation procedure was finished, the 
Surftest roughness device was used for scan again from 
each sample surface. The averages of the obtained 
values were recorded as the final surface roughness 
value. ANOVA One Way Analysis of Variance was used 
to test whether there was a statistically significant 
difference between before and after irrigation with 
chelating solutions. 

 
 
 

Statistical Analysis 
 
Statistical analysis of the results obtained with the 

Statistical Package for Social Sciences (SPSS) statistics 
21.0 for Windows package program (SPSS Inc., Chicago, 
lL, USA). The detected microhardness and surface 
roughness values were used. A statistical analysis was 
performed on the difference values between the mean 
initial and final values of the groups. ANOVA One Way 
Analysis of Variance was used to compare the 
difference values of the groups in the statistical study 
(p <0.05). The results are given with 95% confidence 
intervals. 
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Results 
 

According to the statistical test results, there was 
a significant difference between some of the groups (p 
<0.05) and no significant difference between the other 
groups (p> 0.05). There was a decrease in 
microhardness in all groups (Table 2) while an increase 
in surface roughness was observed (Table 3). The 
difference between the microhardness values before 
and after application of the chelating solutions was 
calculated. According to statistical analysis of these 
calculated difference values, Tukey comparison test 
was performed. According to this; 

• There was no statistically significant difference 
between JE and LE in terms of microhardness reduction 
(p> 0.05). 

• There was a statistically significant difference 
between JE and CA in terms of microhardness reduction 
(p <0,05). 

• There was a statistically significant difference 
between JE and MA in terms of microhardness 
reduction (p <0.05). 

• There was a statistically significant difference 
between LE and CA and between LE and MA in terms of 
microhardness reduction (p <0,05). 

• There was a statistically significant difference 
between SA and MA in terms of microhardness 
reduction (p <0,05). 

According to these findings, there was no 
statistically significant difference between 
microhardness values after LE and JE application on 
dentin. Both solutions were found to cause the least 

decrease in microhardness. It was found that CA caused 
more reduction in microhardness than EDTA solutions 
and MA decreased microhardness more than all other 
solutions (Graph. 1). 

 
 

  
Table 2: Effect of root dentin on chelating agents on microhardness 

 

Groups N 
First Microhardness 

Value (HV) 

Final 

Microhardness 

Value (HV) 

Difference of 

Microhardness 

Values (HV) 

17% Gel EDTA 

17% Liquid EDTA 

20% Citric Acid 

7% Maleic Acid 

15 

15 

15 
15 

58,58 

61,45 

57,21 

59,06 

45,56 

50,16 

41,78 

38,87 

13,02 

11,29 

15,43 

20,19 

 

 
Graphic 1: Analysis graphic of microhardness difference data of solutions 
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The difference between the surface roughness 
values before and after application of the chelating 
solutions was calculated. Tukey binary comparison test 
was performed according to the statistical analysis of 
these calculated difference values. According to this; 

• There was a statistically significant difference 
between JE and LE and between JE and MA in terms of 
roughening of the dentin surface (p <0,05). 

• There was no statistically significant difference 
between JE and SA in terms of increasing surface 
roughness (p> 0.05). 

 

• There was a statistically significant difference 
between LE and SA and between LE and MA in terms of 
roughening of the dentin surface (p<0,05). 

• There was a statistically significant difference 
between SA and MA in terms of increasing surface 
roughness (p <0.05). The solution that minimally 
increased the roughness value on the dentin surface 
was the LE solution. 

There was no statistically significant difference 
between JE and SA, and both solutions caused more 
dentin surface roughness than LE. The solution that 
maximally increased the roughness value was MA 
(Graph. 2). 

 

Table 3: Effect of chelating agents on root dentin surface roughness 

Groups N 
First Roughness 

Value (µm) 

Final Roughness 

Value (µm) 

Difference of 

Roughness 

Values (µm) 

17% Gel EDTA 

17% Liquid EDTA 

20% Citric Acid 

7% Maleic Acid 

15 

15 

15 

15 

0,171 

0,186 

0,194 

0,221 

0,358 

0,315 

0,399 

0,526 

0,187 

0,129 

0,205 

0,305 

 

 

 
Graphic 2: Analysis graphic of surface roughness difference data of solutions 

 

 

 
Discussion 

 
During the biomechanical shaping of the root 

canals, a smear layer, an amorphous layer, is formed 
by the addition of bacterial structures to the organic 
and inorganic debris and covers the dentinal surfaces 
that the file contacts (2, 13, 23). It is advised to remove 
this layer before the root canal obturation to ensure a 
firm connection between the sealers and the dentin 

surface. In order to remove the smear layer, it is 
necessary to use solutions having both organic and 
inorganic tissue dissolution qualities (24). It has been 
claimed that the chelating agents dissolve the inorganic 
part of the smear layer (25) and that the organic part 
is also removed if used in combination with NaOCl. It 
has been argued that this combined method will be the 
most effective method for completely removing the 
smear layer from the dentin surface (2). The inorganic 
tissue dissolving effect of chelating agents is that these 
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solutions dissolve the calcium content of the 
hydroxyapatite crystals of dentin. Any change in the 
ratio of dentin calcium leads to a distinct difference 
between the organic and inorganic structures of the 
dentin, thus changing the permeability, solubility, 
microhardness, and surface roughness of the dentin 
(26). According to the results obtained from our study, 
if a ranking is made in terms of the ability to reduce 
microhardness, the following conclusion can be 
reached: 

LE=GE<CA<MA 
Some studies support these results (27, 28, 29). 

In some previous studies, knoop microhardness test and 

vickers microhardness test methods were used to 
measure dentin microhardness (30, 31). Oliveira and 
Carvalho argued that the Vickers microhardness test 
was easier and more specific for dentin to assess 
differences due to mineral loss on the dentin surface of 
chelating solutions (30, 32). For this reason, this test 
method has been utilized in our work. In addition, in 
order to examine the effects of chelating agents on the 
root in vitro in our study, the roots were vertically 
divided into two halves and measurements were made 
at 3 different points. 

The microhardness of the dentin varies with 
different regions of the root and the hardness values 
decrease as the pulp approaches (33). Pashley and 
colleagues reported that the microhardness of the 
dentin decreased as it progressed from the outer 
surface to the center (30). The reason for this is argued 
that large number of wide dentin tubules near the pulp 
and the tubules without peritubular dentin are less 
resistant to the pressure-applying tip of the test device 
(34, 35). In our study, the reason of even the same 
tooth has different values is, microhardness 
measurements can be related to measurements made 
at different points of the tooth. There are a number of 
studies that apply chelating solutions at different 
times, but no consensus has yet been reached on the 
duration of application (29, 36, 37). The contact times 
of the chelating solutions vary from 1 minute to 10 
minutes in the studies (38, 39). In a study conducted by 
Çalt and Serper, 2-minute irrigation with 17% EDTA 
indicated that the smear layer completely disappeared 
and the optimum duration was 2 minutes (39). In our 
study MA, CA, JE and LE were applied for 120 seconds. 
In a study smear layer removal activities of MA and 
EDTA, 17% EDTA and 7% MA were used. In the apical 
third, which is one of the most critical regions for 
success in root canal treatment, MA clearly removes 
the smear layer more effectively than EDTA (40), while 
there is no significant difference in the removal of the 
smear layer in the coronal and midthird of the teeth. 
We have included MA which is not commonly used to 
our study, in order to compare it with solutions such as 
EDTA and SA, which are more commonly used than MA. 
In many studies, EDTA has been shown to reduce the 
microhardness of root dentin (15, 41). Recently, the 
successive use of 7% MA and 2.5% sodium hypochlorite 
has been achieved to be much better than EDTA in 
removing smear layer from root dentin (40). One of the 
most commonly used chelation agents in endodontics is 
SA (42). In a study comparing the use of 17% EDTA 

followed by 5.25% NaOCl, and 19% SA and then 5.25% 
NaOCl in terms of dentin microhardness and surface 
roughness; SA group reduced dentin microhardness 
more. And in terms of surface roughness, the SA group 
roughened the dentin surface more than the EDTA 
group (28). MA is more biocompatible than EDTA, so it 
is advised to substitute EDTA clinically (43, 44). It is 
recommended to use MA at a maximum concentration 
of 7%, because concentration of 10% or more causes 
demineralization and damage to root canal walls (12). 
The softening effect of chelating agents on dentin can 
be of clinical benefit because it can help to ease and 
accelerate the preparation procedure and help to 

negotiate narrow channels more easily. The degree of 
softening and demineralization may have an impact on 
fracture resistance, with the physical and chemical 
properties of the dentine structure (28). 

Chelating agents have liquid and gel forms on 
the market. However, since there are not many studies 
comparing gel and liquid forms, two different forms of 
EDTA have been included. All of the chelating agents 
we used in the study have been shown to enhance 
dentin surface roughness. Previous work supports the 
results of our work (28, 29). The release of chelating 
agents from inorganic tissues of the dentin and the 
appearance of the dentin tubules and collagen 
structure can be thought of as the cause of surface 
roughness. Studies investigating the effects of 
irrigation solutions on surface roughness have been 
reported to cause an increase in surface roughness of 
NaOCl. This effect is reported to be due to the ability 
of NaOCl to dissolve organic tissues (40, 45). In a study 
investigating the effects of different chelating 
solutions on surface roughness, MA caused much more 
surface roughness than EDTA (29). This may be due to 
the MA's stronger demineralizing effect than EDTA and 
its success in removing the smear layer. In the same 
study, in dentin samples applied MA, the dentin surface 
was completely free from the smear layer and the 
dentin tubules became clear. As the dentin 
microhardness decreased, the surface roughness 
increased (29). These results overlap with the results 
of our study. The increase in surface roughness can be 
of clinical benefit as restorative dentistry also 
increases the bond strength of resin-containing fillers 
(29, 46). Roughened surfaces can also provide a clinical 
benefit for adhesive sealers that require surface 
roughness and irregularities for micromechanical 
bonding (15, 40, 47). If these roughnesses on the 
surface increase too much, it is suggested that voids 
may form in the adhesion of the sealers in this case, 
resulting in bacterial colonization and leakage after the 
hermetic obturation can not be fully achieved. It has 
been reported that attention should be paid in the use 
of chelating solutions due to these risks and 
demineralising effects (48, 49, 50, 51). If a ranking is 
made in terms of their ability to increase surface 
roughness according to the results obtained from our 
study, 

LE<JE=CA<MA 
When the surface roughness and microhardness 

test results are examined, it is seen that MA has the 
highest roughness and demineralizing effect on the root 
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canal dentin surface. In areas where the dentin tissue 
is thin like furcation, the possibility of perforation 
increases in the case of careless operation and 
excessive reduction in microhardness may cause cracks 
in dentin. Therefore, the use of chelates should be very 
careful. In our study, 7% MA produced a higher level of 
dentin surface roughness than both types of EDTA and 
20% SA and decreased the microhardness more than 17% 
LE. Although this is considered to be a clinical 
advantage, attention should be paid to the contact 
times of the solutions against fractures that may occur 
in the roots. Accordingly, studies on the fracture 
resistance of dentin can be performed. Furthermore, 
due to the increase in dentin surface roughness, new 
studies on penetration depth and impermeability of 
endodontic sealers are needed. 

 
 

Conclusions 

 
According to the results obtained without this 

study, besides the use of EDTA and SA, the clinical use 
of MA can be considered. However, because the MA 
reduces denture microhardness more than other agents 
and causes more roughness on the dentin surface, its 
suitability for clinical use is controversial. It should also 
be noted that EDTA differs in terms of surface 
roughness between liquid and gel forms. For this 
reason, in-vitro and clinical studies to be performed in 
the future require accurate calculation of the profit-
loss ratio and more accurate results are to be achieved. 
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