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ABSTRACT 
The objective of this in-vitro study is to compare the de mineralizing effect of commercial EDTA in different concentrations and different time intervals with 
respect to the amount of phosphorus released from hydroxyapatite. 96 freshly extracted maxillary central incisor roots were randomly grouped 4 groups of 24 
specimens each. The first group, the control group was treated with saline. The second group was treated with a commercial preparation of EDTA- RC PREP. 
The third group was treated with a commercial preparation of EDTA- Glyde and the fourth group was treated with a solution of 17 % EDTA. All the groups 
were treated with the respective formulations for time intervals one, three, ten and fifteen minutes each. The solutions obtained from each of the four groups 
were analyzed for phosphorus content using colorimetric analysis. Group II i.e. R C Prep showed the highest de mineralizing effect for 1, 3 and 10 minutes 
respectively. Group III i.e. Glyde showed the highest de mineralizing effect for 15minutes. Among the solutions containing EDTA, Group IV i.e. 17 % EDTA 
solution showed the least de mineralizing effect, despite the higher concentration. This is because of the additives present in commercially available chelating 
pastes. 
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INTRODUCTION 
A chemical substance facilitating the instrumentation of the 
root canal EDTA (Ethylene Diamine Tetra Acetic acid) is 
generally accepted as the most effective chelating agent in 
endodontic therapy. It is used to enlarge root canals, remove 
smear layer and prepare the dentinal walls for better adhesion 
of filling materials. The efficiency of chelating agents 
generally depends on many factors, such as root canal length, 
penetration depth of the material, hardness of the dentin, 
duration of application and the concentration. Chelating 
agents were introduced into endodontics as an aid for the 
preparation of narrow and calcified root canals in 1957 by 
Nygaard-Ostby1.  A liquid solution of EDTA was thought to 
chemically soften the root canal dentin and dissolve the 
smear layer, as well as to increase dentin permeability. 
Although the efficacy of EDTA preparations in softening root 
dentin has been debated, chelator preparations have regained 
popularity recently. Almost all manufacturers of nickel-
titanium instruments recommend their use as a lubricant 
during rotary root canal preparation. Additionally, a final 
irrigation of the root canal with 15 – 17 % EDTA solutions to 
dissolve the smear layer is recommended. The term ‘chelate’ 
originates from the Greek word ‘chele’ (crab claw). Chelates 
are particularly stable compounds of metal ions with organic 
substances, as a result of ring shaped bonds. This stability is a 
result of the bond between the chelator, which has more than 
one pair of electrons, and the central metal ion. In 1951, the 
first reports on the de mineralizing effect of ethylene diamine 
tetraacetic acid (EDTA) on dental hard tissues were 
published (Hahn and Reygadas 1951, Screebny and 
Nikiforuk 1951)1. The purpose of the study was to compare 
the effects of EDTA on dentin de mineralization by 
measuring the amount of liberated phosphorous from the 
hydroxyapatite. The level of de mineralization measuring the 
amount of liberated phosphorus has not been investigated 
with respect to commercial EDTA preparations hence the 

need for the study. EDTA effectively de mineralizes dentin 
depending on the concentration and the time of exposure2. 
The amount of phosphorus released from the hydroxyapatite 
is used as a measure to determine the amount of dentin de 
mineralization.        
 
MATERIALS AND METHODS 
 

Products Composition Use 
GLYDE 
Dentsply 

EDTA and Urea peroxide with 
a water soluble base. 

Chelating 
agent 

RC PREP 
Premier 

EDTA and Carbamide peroxide 
with a glycol base. 

Chelating 
agent. 

 EDTA Chelating 
agent. 

 
The present study was done in the department of 
Conservative Dentistry and Endodontics, A.B. Shetty 
Memorial Institute of Dental Sciences, Deralakatte, 
Mangalore, India in association with K. S. Hegde Medical 
Academy. Ninety six freshly extracted human maxillary 
central incisor roots were collected, stored, disinfected and 
handled as per the recommendation and the guidelines lay 
down by OSHA and CDC. The specimen teeth were collected 
from the Department of Oral and Maxillofacial Surgery, A.B. 
Shetty Memorial Institute of Dental Sciences, Deralakatte, 
Mangalore, India. All the collected teeth were cleared of 
blood and saliva and stored in buffered isotonic saline 
solution. These specimen teeth were utilized for this study 
within one month of extraction. Infection Control Protocols 
were followed for Extracted Teeth. 
 
Investigation Design 
Ninety six freshly extracted maxillary central incisor roots 
were randomly grouped in to one control group containing 24 
specimens and three experimental groups each containing 24 
specimens. Each group was further divided in to 4 subgroups.  
SUB Group a – Treated for 1 minute  
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SUB Group b – Treated for 3 minutes 
SUB Group c – Treated for 10 minutes 
SUB Group d – Treated for 15 minutes 
 
The maxillary central incisor roots were split longitudinally, 
to expose the root canal surface using a diamond disc. Each 
specimen was then coated with nail varnish on the outer 
surface so that the solution to be tested would affect only the 
root canal space. The first group, the control group consisting 
of twenty four specimens was treated with saline for duration 
of one, three, ten and fifteen minutes respectively, with six 
specimens in each time interval. The second group, 
consisting of twenty four specimens was treated with a 
commercial preparation of EDTA, RC PREP (15 % EDTA 
and 10 % urea peroxide in propylene glycol) for one, three, 
ten and fifteen minutes respectively, with six specimens in 
each time interval. The third group, consisting of twenty four 
specimens was treated with a commercial preparation of 
EDTA, GLYDE (15 % EDTA and 10 % urea peroxide in 
aqueous solution) for one, three, ten and fifteen minutes 
respectively, with six specimens in each time interval. The 
fourth group, consisting of twenty four specimens was treated 
with a solution of 17 % EDTA, prepared from dissolving 15 
g EDTA powder in 100 ml of distilled water. For one, three, 
ten and fifteen minutes respectively, with six specimens in 
each time interval. The solutions obtained from each of the 
four groups with their corresponding sub groups after 
exposure of the specimens to the EDTA solution, were 
analyzed for phosphorus using colorimetric analysis. The 
Phosphorus Content was analyzed using the following 
formula- 
 

Mg/dl of Inorganic phosphorus= 
Optical density of test soln X   Conc.of standard soln X 100 

Optical density of std. soln        Vol. of test soln 
  
The results thus obtained were statistically analyzed. 
 
RESULTS 
The de mineralizing effect of commercial EDTA preparations 
in different concentrations and different time intervals with 
respect to the amount of phosphorus released showed that 
EDTA effectively de materializes dentin depending on the 
concentration and time of exposure. In all three experimental 
groups there was increase in de mineralization with increase 
in time. Group II and III showed significant increase in 
phosphorus content with increase in time. Group II and III 
showed nearly double the efficiency of de mineralization 
when the time of exposure was increased from 1 minute to 15 
minutes. The control group did not show any de mineralizing 
effect at any time interval. The statistical analysis of the mean 
values showed that: Comparison was done using Analysis of 
Variance between Group I, II, III and IV showed very highly 
significant difference (p >.001), after 1 minute, 3 minutes,10 
minutes and 15 minutes. Inter group comparison was done 
using Man Whitney U test between Group II, Group III and 
group IV showed very highly significant difference (p >.001). 
Group II i.e. R C Prep showed the highest de mineralizing 
effect for 1 minute, 3 minutes and 10 minutes respectively. 
Group III i.e. Glyde showed the highest de mineralizing 
effect for 15 minutes. Among the solutions containing EDTA 
Group IV i.e. EDTA Solution showed the least de 
mineralizing effect. Group II and Group III showed 
significant increase in de mineralization with increase in time 
of exposure, Group IV showed no significant increase in de 

mineralization with respect to time. Group I which was 
Saline as the Negative Control showed absolutely no de 
mineralization in all the time intervals. 
 
DISCUSSION 
Since the combination of Cetavlon and EDTA by Vonderfehr 
and Nygaard Ostby in 19639 many additives have been 
introduced into EDTA. It was the Aim of the present 
investigation to compare two commercially available 
chelating pastes (with different compositions) with 17 % 
EDTA solution. Curry et al (1981)3 concluded in their study 
that the greatest efficiency of de mineralization by EDTA 
could be achieved with the pH ranging between 5 to 6. 
Similar results have been reported by Serper and Calt (2002)8 
who stated that EDTA should be preferred at a neutral pH. 
That is why pH has been taken as a constant in this study. 
Serper and Calt (2002)4, Johan blomlof et al 
(1997)4,Garberoglio R. et al (1994)11 reported that 
concentration of EDTA should be between 15 to 24 % In 
order to obtain an acceptable smear removing and collagen 
exposing effect within a clinically accepted time period. 
Hence in the study we have used 17 % EDTA solution in 
Group IV, while the commercial chelating pastes used had 
the 15 % concentration of EDTA. For effective removal of 
both organic and inorganic component of smear layer, it is 
generally recommended to use EDTA followed by NaOCl. In 
the present study we have compared the de mineralizing 
effect of commercial EDTA preparations at different time 
intervals along with the prepared solution of 17 % EDTA. 
Similar to the study done by Jaime A. Cury (1981)3 et al who 
studied the de mineralizing effect of EDTA on dentin by 
analyzing the Phosphorus content using colorimetric analysis 
in a spectrophotometer 
The results of the present study indicate increase 
decalcification which was significantly related to the contact 
period between chelator paste and dentin as reported by 
previous investigators Hullsman et al 20027, Goldberg and 
Spielberg 198212, Semra and Calt 20024 which is in 
accordance with the results of this study where significant 
difference in de mineralization by the chelator pastes Group 
II and Group III were seen for 1, 3, 10, and 15 minutes time 
intervals. However the EDTA solution showed a significant 
difference in de mineralization between 1 and 15 minutes 
only, as compared to the chelating pastes. Phosphorus content 
was analyzed using colorimetric analysis in a 
spectrophotometer Jaime A. Cury (1981)3. Comparison using 
analysis of variance was done between Group II, Group III 
and Group IV. Group I was control that is saline. Results of 
the study showed that Group II which contained 15 % EDTA, 
10 % Urea peroxide in a water soluble gel base, polyethylene 
glycol, cetylalcohol, propyleneglycol had the highest de 
mineralizing effect for 1, 3 and 10 minutes. While Group III 
which contained 15 % EDTA, 10 % Urea Peroxide in an 
aqueous solution showed maximum de mineralizing effect for 
15 minutes. Very highly significant differences were found 
between the 2 EDTA pastes and the EDTA solution. These 
results are in contrast to the results of the previous study by 
Hulsemann et al 207, which showed no significant differences 
in decalcification between RC Prep and Glyde. These 
differences to the previous study presumably are owing to the 
fact that Hulsmann5 et al measured the loss of weight from 
the specimens; while in the present study the released 
phosphorus content was estimated to determine 
demineralization similar to the study done by Serper and Calt 
(2002)8, Jaime A Cury et al (1981)3.  
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Table 1: Mean Phosphorus content among various Groups and Sub-Groups 
 

Sub Groups Saline R C Prep Glyde EDTA Soln. 
a-1 minute 0 5.6 4.2 1.1 
b-3 minutes 0 7.7 6.0 1.2 
c-10 minutes 0 8.5 8.4 1.3 
d-15 minutes 0 8.9 9.9 1.3 

 
Table 2: Comparison using Analysis of Variance between Group I, II, III and IV 

 
 
 

N Mean Std. 
Deviation 

95% confidence interval for Mean F P 
Lower bound Upper bound 

Minute 1: RC prep 
Glyde 4.2 

EDTA solution 

6 
6 
6 

5.8000 
4.8000 
1.1000 

8.944E-02 
.1897 
.1897 

5.7061 
4.6009 
.9009 

5.8939 
4.9991 
1.2991 

1379.250 .001 vhs 

Minutes 3: RC prep 
Glyde 4.2 

EDTA solution 

6 
6 
6 

7.7000 
6.6000 
1.2000 

.1414 

.2000 

.1265 

7.5516 
5.7901 
1.0673 

7.8484 
6.2099 
1.3327 

2691.316 .001 vhs 

Minutes 10: RC prep 
Glyde 4.2 

EDTA solution 

6 
6 
6 

8.5000 
8.4000 
1.3000 

.2608 

.1414 

.2530 

8.2263 
8.2516 
1.0345 

8.7737 
8.5484 
1.5655 

2018.289 .001 vhs 

Minutes 15: RC prep 
Glyde 4.2 

EDTA solution 

6 
6 
6 

8.9000 
9.9000 
1.3000 

.2828 

.1265 
3.394E-17 

8.6032 
9.7673 
1.3000 

9.1968 
10.0327 
1.3000 

4147.500 .001 vhs 
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Graph: Mean Phosphorus content among various Groups and Sub-Groups with Respect to time 
 
In this study we have compared the de mineralizing effect of 
EDTA on root dentin, at different concentrations at different 
intervals of time; our results showed that higher the duration 
of application of EDTA greater the demineralizing effect on 
root dentin, 15 % EDTA with additives available as 
commercial preparations had greater de mineralization than 
17 % EDTA solution. However before we conclude the 
limitation of our present study was that the chronological age 
of the teeth specimens were not documented and to minimize 
erosive effects precautions must be taken when EDTA is used 
clinically on young patients, the application time should be as 
short as possible compared to the older patients who have 
more sclerotic dentin in the apical and middle third. It is 
highly recommended that under clinical conditions EDTA 
and NaOCl should be used in combination because of the 
progressive dissolution of dentin at the expense of peri-
tubular and inter-tubular dentin by EDTA and NaOCl which 
acts as an organic solvent13. 
 
CONCLUSION 
According to the methodology employed in the present study 
it can be concluded that: The efficiency of EDTA solutions 
on the de mineralization of dentin is influenced by time of 
exposure. The greatest amount of de mineralization was 
achieved at 15 minutes. Even though the concentration of 

EDTA (17 %) in Group IV was comparatively more, both the 
commercial chelating pastes (EDTA 15 %) showed higher de 
mineralizing effects because of the additives present in 
commercially available chelating pastes. The present the 
study is an in-vitro evaluation where a large quantity of the 
chelating agent was in contact with the root surface. 
Clinically factors such as root canal size, length, diameter, 
combination of irrigate used, type of irrigation technique, and 
ages of the teeth are the factors which may modify the de 
mineralizing effect. 
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