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Abstract: The objective of the present study was to evaluate and com-
pare the influence of cetrimide on decalcifying capability of different 
irrigating solutions. Fifteen maxillary central incisor teeth has been col-
lected. The canals were prepared in order to obtain four samples from 
each root. The specimens were randomly divided into 6 experimental 
groups (n=10) according to tested irrigating agents. Irrigating agents 
consisted in different composition of EDTA and citric acid solutions, 
addicted or not with cetrimide. Each specimen was submitted to three 
successive 5-min immersions in each solution. After exposures, the 
concentration of Ca2+ extracted was measured by inductively coupled 
plasma-atomic emission spectrometry (ICP-AES). Data were analysed 
by means of Kruskal Wallis and Mann Whitney tests. Significance was 
predetermined at p < 0.05. For all irrigants, the amounts of Ca2+ extract-
ed from root canal dentin samples at 10 minutes were not significantly 
different from values reported after 15 minutes respectively. Therefore, 
for all irrigants tested, 10 minutes of application are sufficient to obtain 
maximum Ca2+ release. Moreover citric acid based agents observed a 
higher release of Ca2+. The addition of cetrimide did not affect the de-
calcifying capability of the EDTA and citric acid solutions.
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Introduction
During biomechanical instrumentation of root canals an amorphous 

layer (smear layer) of organic and inorganic debris and, in cases of con-
tamination, of bacterial component is formed. This layer can be deposited 
along the canal walls,1,2,3,4 thus reducing sealer adhesion and negatively 
affecting the sealing.5 Therefore it should be removed before obturation, 
to ensure a close contact of the sealer with the dentin surface. To elimi-
nate the smear layer, irrigants able to dissolve both organic and inorganic 
components could be applied.

Chelating agents are believed to aid root canal irrigation and to be able 
to remove the inorganic smear layer;5 the addition of sodium hypochlorite 
(NaOCl) could improve the efficacy of the chelating agent on dissolving 
the organic fraction of the smear layer.4 In particular, the selected irrigat-
ing solutions showed direct action over calcium present in hydroxyapa-
tite crystals of dentin. Any change in the calcium ratio can significantly 
modify the original proportion of organic and inorganic components. This 
can alter dentin permeability, microhardness and solubility.6 Although 
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EDTA presents a long-standing history because it is 
the most frequently recommended solution for the 
removal of the smear layer in endodontics, previous 
studies demonstrated its irritating potential.7,8,9,10 In 
order to to remove the inorganic component of root 
dentin, other substances have been suggested. Cit-
ric acid at concentration ranging from 5% to 50%, 
apple vinegar and phosphoric acid at different con-
centrations11,12,13,14 has been proposed with different 
percentages of success.6,8,9,14 MTAD10 and, recently, 
Tetraclean15,16 have been investigated as new irrigat-
ing solutions based on a mixture of citric acid and 
antibiotics (tetracycline isomer). These solutions 
have been proposed as detergent for the final rinse 
of surfaces of instrumented root canals. MTAD and 
Tetraclean differ in doxycycline concentration (150 
mg/5 ml for MTAD and 50 mg/5 ml for Tetraclean) 
and in the type of detergent (Tween 80 for MTAD, 
polypropylene glycol for Tetraclean). Cetrimide 
(cetyltrimethylammonium bromide) is a cationic 
surfactant. Cetrimide is a quaternary ammonium 
compound and a cationic detergent that is effective 
against many Gram-positive and Gram-negative bac-
teria. Many products contain cetrimide, because its 
addiction improves efficacy of irrigating solutions: 
cationic surfactants have been reported to have bac-
tericidal and fungicidal properties.17,18 Many studies 
reported the ability of chelating solutions to reduce 
or eliminate the smear layer, but no reports evalu-
ated concentration of calcium ions removed from 
teeth with different chelators.19

Accordingly, the objective of the present study 
was to evaluate and compare the influence of cetrim-
ide on decalcifying capability of different irrigating 
solutions. Calcium extracted from root canal dentin 
has been measured at three immersion times (5, 10 
and 15 minutes respectively). The null hypothesis 
of the study was that there is no significant differ-
ence in concentration of calcium extracted among 
the various groups.

Methodology
Fifteen maxillary central incisor, recently extracted 

for peridontal reasons, were stored in 0,1% tymol solution 
until use. The crowns were removed at cemento-enamel 
junction using an Accutom-50 diamond cutter (Accutom 

Hard Tissue Microtome, Struers, Ballerup, Denmark) 
under water- cooling. The root surface was treated with 
a low speed fine-grain diamond bur (Perio-Set, Inten-
siv, Grancia, Switzerland) under abundant irrigation in 
order to remove the root cementum. Root canals were 
instrumented with Peeso burn n° 4 to 6 under irrigation 
(Dentsply Maillefer, Ballaigues, Switzerland) using an 
handpiece. After each instrument, the root canal was 
irrigated with 5 ml of distilled water. Two transversal 
sections of 2-mm thickness were obtained from the cer-
vical third of each root using a pre-programmed auto-
matic Accutom-50 diamond cutter (Accutom Hard Tissue 
Microtome, Struers, Ballerup, Denmark). Each slice was 
then sectioned in four equal sections, obtaining a total of 
four (s1, s2, s3, s4) samples from each root. To yield each 
sample with same calcification, geometry and weight 
the samples were weighted on a HM 202 precision bal-
ance (A&D Engineering Inc., San Jose, USA) and, when 
necessary, equalized their weight with disks of 600-grit 
silicon-carbide paper, always removing from the central 
part of the section to avoid modification of the geometry.

This method allows testing irrigating solution 
decalcifying capacity on comparable specimens. 
Samples were then catalogued and stored into dis-
tilled water at room temperature. The specimens were 
then assigned to one of 6 experimental groups (n = 
10) for treatment with different irrigating solutions, 
as follows: group 1: EDTA 15%, group 2: EDTA 15% 
+ cetrimide 1%, group 3: EDTA 17%, group 4: EDTA 
17% + cetrimide 1%, group 5: citric acid 10.5%, group 
6: citric acid 10.5% + cetrimide 1%.

The solutions were prepared in laboratory using 
analytical pure grade reagents. In particular EDTA 
solutions were prepared by dissolving the opportune 
quantity of EDTA disodium salt (Sigma-Aldrich, Milan, 
Italy) in ultrapure water, favouring dissolution with 
the addition of sodium hydroxide 40% and adding 1 
M hydrochloric acid to obtain a final pH around 7. 
Citric acid solutions were obtained by dissolving the 
opportune quantity of citric acid (Sigma- Aldrich, 
Milan, Italy) in ultrapure water, favouring dissolu-
tion with the addition of sodium hydroxide 40% and 
adding 1 M hydrochloric acid to obtain a final pH 
around 7. Citric acid solutions were obtained by dis-
solving the opportune quantity of citric acid (Sigma-
Aldrich, Milan, Italy) in ultrapure water. Cetrimide 
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1% (CH3(CH2)15N(Br)(CH3)3 / Panreac, Barcelona, 
Spain) was added to the EDTA or citric acid solutions.

The pH of each solution was determined by using 
a PHM 84 Research pH meter (Radiometer, Copen-
hagen, Denmark) and a combined ORION glass 
electrode (Thermo Electron Corp, Waltham, USA). 
The accuracy of the pH meter was ± 0.01. In order to 
determinate the initial calcium concentration in each 
irrigating agent, before the exposure to specimen, 5 
ml of solution was analysed and the calcium content 
was taken as blank. Each specimen was immersed 
in 20 ml of the correspondent irrigant solution and 
kept under constant stirring using a magnetic stir-
rer. At three successive 5-min immersion times (t1= 
5 min; t2=10 min; t3=15 min), without renewing the 
solution, 5 ml of irrigant was separated with a gradu-
ated pipette, and then placed in hermetically sealed 
and labelled tubes. An inductively coupled plasma 
atomic emission spectrometer (ICP-AES Perkin 
Elmer, Monza, Italy) was used for calcium determi-
nation in each solution. The linearity of the instru-
ments is verified by analysing standard solutions in 
a concentration range between 0 and 100 mg/l. The 
limit of detection (LOD) is 0.5 mg/l, whereas the 
limit of quantification (LOQ) is 2.5 mg/l. Data were 
analyzed using OriginPro 8 SRO software (Origin-

Lab Corporation, Northampton, USA). Descriptive 
statistics that included the mean, standard devia-
tion, confidence limits for the mean and median, 
were calculated for each of the groups tested. The 
amount of calcium extracted (mg/l Ca2+) by differ-
ent irrigating solutions and in different immersion 
times was analyzed using Kruskal–Wallis test and 
Mann–Whitney tests. The level of statistical signifi-
cance was predetermined at p < 0.05.

Results
The efficacy of several irrigating solutions used 

to remove calcium from root dentin has been tested. 
Dentine specimens were immersed in each agent for 
5, 10 and 15 minutes. For each test solution, descrip-
tive statistics of the values of Ca2+ released from root 
dentin at different times were reported in Table 1. 
For each irrigating solution lowest amount of Ca2+ 
released was recorded after 5 minutes of applica-
tion (p < 0.05). No significant difference in amount 
of Ca2+ released was showed when comparing 10 
and 15 minutes groups of each irrigating solution 
(p > 0.05). Moreover no significant differences were 
reported among groups 1, 2, 3 and 4 (p > 0.05), that 
all showed significantly lower (p < 0.001) amount of 
calcium extracted than groups 5 and 6, that showed 

Table 1. Calcium released (mg/l) from root canal dentin after 5, 10, and 15 minutes treatment with tested irrigating solutions.
Application 
time (min)

Irrigating solution Mean
Standard 
Deviation

Confidence limits 
for the Mean

Minimum Median Maximum

5 EDTA 15% 6.9 0.5 0.8 6.4 6.9 7.4
10 EDTA 15% 8.8 0.4 0.7 8.3 8.75 9.3
15 EDTA 15% 9.2 0.6 0.9 8.3 9.4 9.6
5 EDTA 15% + Cetrimide 1% 7.2 1.4 2.2 5.9 7.2 8.4
10 EDTA 15% + Cetrimide 1% 8.9 0.5 0.8 8.2 9 9.4
15 EDTA 15% + Cetrimide 1% 7.8 0.9 1.4 6.8 7.85 8.7
5 EDTA 17% 6.4 0.5 0.6 6 6.4 7.2
10 EDTA 17% 8.0 1.6 2.0 6.2 8.4 10.2
15 EDTA 17% 8.0 0.7 0.9 7.1 8.3 8.7
5 EDTA 17% + Cetrimide 1% 7.2 1.3 1.6 5.5 7.3 8.8
10 EDTA 17% + Cetrimide 1% 9.0 1.8 2.3 6.5 9.2 11.1
15 EDTA 17% + Cetrimide 1% 9.0 2.0 2.5 6.2 9.3 11.3
5 Citric acid 10.5% 21.4 1.9 2.4 18.6 21.4 23.6
10 Citric acid 10.5% 27.3 2.1 2.6 24.8 28.1 29.4
15 Citric acid 10.5% 27.2 2.4 3.0 24 28.1 30
5 Citric acid 10.5% + Cetrimide 1% 16.9 3.1 3.9 11.6 18.1 19.6
10 Citric acid 10.5% + Cetrimide 1% 23.7 2.8 3.5 19.3 23.6 27
15 Citric acid 10.5% + Cetrimide 1% 24.2 3.1 3.8 20 24.2 28.5
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no significant difference between them (p > 0.05). 
Results are reported in Table 2.

The amount of calcium extracted (mg/l Ca2+ - 
mean value of 5 replicates) with five irrigating solu-
tions at different immersion times is reported in Fig-
ure. The error bars represent the SD.

Table 2. Comparison of calcium released (mg/l) from root canal dentin after 10 and 15 minutes treatment with tested irrigating 
solutions: results of the Mann-Whitney test.

Application time (min) Irrigating solution Mean
Standard 
Deviation

Median
Mann-Whitney Test (at 0.05 level) 

probability value (p)
10 EDTA 15% 8.8 0.4 8.75

0.3065 > 0.05
15 EDTA 15% 9.2 0.6 9.4
10 EDTA 15% + Cetrimide 1% 8.9 0.5 9

0.1123 > 0.05
15 EDTA 15% + Cetrimide 1% 7.8 0.9 7.85
10 EDTA 17% 8.0 1.6 8.4

0.8345 > 0.05
15 EDTA 17% 8.0 0.7 8.3
10 EDTA 17% + Cetrimide 1% 9.0 1.8 9.2

0.9166 > 0.05
15 EDTA 17% + Cetrimide 1% 9.0 2.0 9.3
10 Citric acid 10.5% 27.3 2.1 28.1

0.9163 > 0.05
15 Citric acid 10.5% 27.2 2.4 28.1
10 Citric acid 10.5% + Cetrimide 1% 23.7 2.8 23.6

1.000 > 0.05
15 Citric acid 10.5% + Cetrimide 1% 24.2 3.1 24.2

Figure. Amount of calcium extracted (mg/l Ca2+ - mean value of 5 replicates) with five irrigating solutions at different immersion 
times. The error bars represent the SD.
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Discussion
The null hypothesis of the study has been rejected. 

A significantly higher release of Ca2+ was observed 
in samples submitted to citric acid based agents. The 
amount of Ca2+ extracted from root dentin samples for 
all irrigating solutions at 10 minutes did not show signifi-
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cant differences when compared to the values reported 
at 15 minutes. Therefore in the present investigation an 
application of 10 minutes is sufficient to reach the maxi-
mum release of Ca2+ for all irrigating solutions tested. 
Results are in agreement with those obtained by other 
Authors14 that compared the decalcifying effect of 15% 
EDTA and 15% citric acid on root canal dentine. They 
analysed the amount of calcium extracted from den-
tin samples by atomic absorption spectrophotometry 
and obtained similar results at three immersion times, 
with no significant differences between EDTA and citric 
acid. They observed no significant differences between 
10-min and 15-min immersion. This could be explained, 
in relation to the acid and chelating solution studied, by 
an increase in the organic material exposed on root den-
tin surface after action of the demineralizing agents. The 
organic matrix of dentine may act as a limiting factor in 
the dissolution of the inorganic component, thus reduc-
ing the decalcifying action of chelating agents over time.14 
Higher release in this study can be due to the lower pH 
of the citric acid solutions (pH < 2), thus increasing the 
removal of major inorganic elements such as calcium 
present in the hydroxyapatite crystals. This is in agree-
ment with previous results.6 Moreover, another inves-
tigation20 reported that the pH of citric acid solution is a 
more important factor than concentration in deminer-
alisation test. Authors reported that this could be due to 
a balance between the decrease in pH and the increase 
in viscosity of the solution caused by the increase in the 
constituent concentration. In fact at high citrate concen-
trations, the quantity of Ca2+ released is dramatically 
reduced. The addition of 1% cetrimide did not affect 

the extraction properties of the EDTA and citric acid 
solutions because the values of concentration of Ca2+ 
released in the two solutions did not significantly dif-
fer. Cationic surfactants are potent antimicrobial agents 
that have also been shown to act on biofilm components, 
but they have no decalcifying effects on root canal den-
tin.20 The results here presented indicate that, to obtain 
an efficient removing of the smear layer and to facilitate 
the biomechanical procedures, citric acid based agents 
can be applied and cetrimide can help in improving effi-
cacy of irrigating solutions. This is probably due to its 
bactericidal and fungicidal properties: cetrimide does 
not affect the ability of demineralization of citric acid 
and EDTA solutions. Is important to establish that if a 
high demineralization of root canal dentin is required, 
EDTA is considered the gold standard in endodontics. 
Further clinical and in vitro studies are needed to verify 
if a higher amount of Ca2+ extracted from root dentin 
can be useful or harmful. Citric acid values of demin-
eralization are considerably higher than EDTA values, 
in presence or absence of cetrimide.

Conclusion
Under the experimental conditions and restricting to 

the irrigants considered in this investigation, to obtain 
an efficient decalcifying action on dentin (and subse-
quently the smear layer removal) and to facilitate the 
biomechanical procedures, citric acid based irrigants can 
be applied. Moreover the presence of cetrimide in the 
irrigating solutions does not improve the extraction of 
Ca2+ from root dentine and it could be considered useful 
to complete antibacterial activity of irrigating solutions.
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