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ABSTRACT
Background/Purpose: The use of 17% EDTA is frequent in
endodontics during the cleaning and shaping of the root canals. The aim
of the present study is to analyse the chemical action of 17% EDTA on the
weight and calcium content of the bovine root dentin through the application
of an integral statistical analysis of pared data adjusted to the parametric
assumptions.
Materials and Methods: Teeth of freshly slaughtered young bovines
recently killed devoided of crown and root, were longitudinally sectioned
in halves mesial and distal directions. The pulp was extracted with cotton
forceps and the cement was scraped with curette and scalpel. Pieces of
root dentin were washed with distilled water and dried at 20°C. Each half
of root was contacted for 30 minutes with 2 ml of 17% EDTA; the other half
was placed the same time in bidistilled water. Each piece was weighted
before and after the contact. Previous acid hydrolysis, atomic calcium in the
quelant solution was determined through atomic absorption spectrometry.
For the statistical analysis the t-test for related samples was applied,
since the variables adjusted to a normal distribution and showed equality
of variances. In R language, the experimental data were exposed to the
analysis of the parametric assumptions, to the tests to compare two paired
samples and to the analysis of correlation.
Results: A significant difference was evidenced between the weight
of the dentin pieces before and after 30 minutes contact with 17% EDTA.
A direct but non-significant association between calcium tramped by 17%
EDTA and decrease in weight of the dentin was also found.
Conclusion: The decrease in the dentinal weight at contact with
17% EDTA for 30 minutes could be associated with the loss of its organic
component as a consequence of the mineral loss. The R language, software
of free availability and virtual consultation, facilitates the integral statistical
analysis of quantitative related paired data.s.

INTRODUCTION
EDTA 17% is frequently used in endodontics as an irrigation solution during the cleaning and shaping of root canals. Its
chelating action is effective, [1] removes dentin calcium and depending on the time of action, it could affect tissue composition [2]
and weaken it.
In an ex vivo study we showed the chemical action of EDTA 17% and other solutions on human tooth ducts [3]. Proteins
present in the 17% EDTA solution were quantified after irrigating root canals for 40 sec three successive times; soluble noncollagenous proteins would be linked to dentin calcium, and the action of the chelator for a long time would remove the calcium
bound to them affecting the organic component of the matrix [4]. On the other hand, when comparing the protein profile of human
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pulp tissue extracts and bovine after contact with the chelator, we obtained bands of similar molecular weight, which would
validate the bovine tooth as a model under the experimental conditions tested [5]. The chelating action of the 17% EDTA solution
in human and bovine dentins was also compared with similar results [1,6].
The effective action of an irrigation solution during the preparation of the root canals allows achieving greater cleanliness
and helps in the conformation of the ducts. An ideal irrigation solution represents maximum activity and minimal toxicity that
affects the dentin tissue [7]. EDTA 17% produced signs of erosion in human and bovine dentin under experimental conditions [8].
The determination of calcium extracted from dentin by contact with the chelator without applying the Mechanical action of
instruments in the tissue does not present antecedents.
The R Language is free statistical software, resulting from a collaborative project with many contributors, which can be
downloaded from the website (http://www.R-project.org/Licenses/). Its application includes the interpretation of the information
of the outputs produced [9-11].
The boxplot, diagram consisting of a box and two extensions or whiskers, allows to represent the five descriptive statistics
insensitive to extreme data (m=minimum, Q1=quartile 1, Q2=median, Q3=quartile 3 and M=maximum). The box contains 50%
of the central data (the upper line represents Q3, the lower one is Q1, the height the interquartile range IQR=Q3-Q1), the line
that divides the box into two parts represents Q2 and allows visualization the symmetry of the central data. The upper extent
represents, whichever is less, or the maximum value (M) or the limit ‘Q3+1.5*IQR’. The lower extension represents, whichever is
greater, or the minimum value (m) or the limit ‘Q1-1,5*IQR‘. The whiskers allow the data to be identified outliers. The longer the
box and the whiskers the more variability the data have.
Within the statistical inference, the hypothesis tests (contrast of hypothesis or test of significance) allow to judge with respect
to a supposed population property according to the information obtained in a representative sample of the same. They address
the statistical problem by specifying a given hypothesis and an alternative hypothesis, then try to settle between them based on
the experimental information associated with the statistical concept of power and the concepts of type I and II errors respectively
define the possibility of taking a false event as true, or a true as false.
The parametric tests suppose that the data have a normal distribution of frequencies and the nonparametric ones do not
have assumptions of this type, for which the nonparametric ones can be used always, but the parametric ones are preferable for
their greater capacity of resolution. The student t-test is parametric and allows to check the equality of the means of two samples
or to check if the average of a sample is equal to a determined reference value. The Wilcoxon signed rank test (suitable for paired
samples) and the U Mann-Whitney test (the most extended for independent samples) are the alternatives for when the data do
not adjust to a normal distribution. The incorrect use of a parametric test with variables that do not conform to normality, results
in inefficient estimators and contrasts of approximate significance.
The normality of a series of data is estimated by graphs and/or hypothesis tests that state that the response variable fits a
normal distribution. The Shapiro-Wilk test, the most used and efficient when the sample size is not large, in R language is obtained
with the function shapiro.test (X), where X represents the numerical vector that contains the data of the variable in study.
To test the variances of two samples, Fisher's F-test is used, and for more than two data series, the Bartlett test and the
Levene test are available (the latter is independent of the number of contrasting groups), which in R language is performed with
the var.test function.
The objective of this work is to determine, by means of an integral procedure in R language, the statistical difference in
the weight of the bovine dentine before and after the contact 30 min with EDTA 17% and to weight the association between the
decrease of the dentinal weight and the calcium atomic present in the solution.

MATERIALS AND METHODS
The crown of 5 unirradicular teeth of young cattle of 2-3 years was eliminated. The roots were undestruded mesially and
distally and the pulps were extracted with a cotton clip. The cement was weighed with curette and scalpel and the dentine pieces
were washed with abundant distilled water and dried at 20°C. Half dentin from each root was contacted with 2 ml of 17% EDTA
for 30 min and the remaining half of the same tooth, with equal volume of bidistilled water (Control). The weight in grams was
determined with precision analytical balance (Acculab, Buenos Aires, Argentina) of each piece of dentine, before (AT) and after
(DT) treatment by contact with EDTA 17%. In addition, atomic absorption spectrometry quantified atomic calcium (CA) present in
the solution linked to the chelant, after hydrolysis in an acid medium at pH=1.5-2.0. It was expressed in mg/dl.
The comprehensive statistical analysis in R language was developed with the following routine:
1) To generate the vectors with experimental data, in the window R Commander the commands were executed:
AT <- c (0.4545, 0.3880, 0.3301, 0.4032, 0.3439) #Create the AT vector with the weight before treatment
DT <- c (0.4469, 0.3766, 0.3206, 0.3944, 0.3320) #Create the DT vector with the weight after treatment
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DP <- c (0.0076, 0.0114, 0.0095, 0.0088, 0.0119) #Create the DP vector with the weight loss data
CA <- c (173.9, 208.3, 145.4, 101.7, 135.1) #Create the CA vector with the atomic calcium data.
2) To visualize with a box graph and extensions (boxplot) the samples with the weights before and after the treatment, the
commands were executed:
boxplot (AT, DT, names=c ("AT", "DT")) # Represents the boxplot of each sample
Means <- c (mean (AT), mean (DT)) # Assign the averages to the vector Medias
points (Socks, pch=24, col="red") # Point out the socks with a red marker.
3) To analyze the parametric assumptions of normality, homoscedasticity and independence of the data series with the
weights of the dentins, the commands were executed:
shapiro.test (AT) #For the normality of the sample with weights before treatment
shapiro.test (DT) #For the normality of the sample with weights after treatment
var.test (AT, DT) #For homoscedasticity (equality of variances) between samples
cor.test (AT, DT) #For independence between samples, before and after treatment.
4) To compare the paired data samples that fit the parametric assumptions, the command was executed:
t.test (AT, DT, var.equal=TRUE, paired=TRUE) #Options (alternative='two.sided', conf.level=0.95).
5) If the data series had not been adjusted to the normal distribution, a valid option is the nonparametric test Wilcoxon
signed rank test adapted to paired samples, which is obtained by executing the command:
wilcox.test (AT, DT, paired=TRUE) #Paired data are indicated with the argument paired=TRUE.
6) To visualize with a dispersion diagram the form of the association between the decrease of the weight of the dentins and
the atomic calcium in the solution, the command was executed:
plot (DP, CA) #Represents the joint behavior of the DP and CA variables.
7) To quantify the magnitude of the association between the variables dentinal weight decrease (DP) and the CA content,
given that the variables showed to adjust to normality, the Pearson correlation analysis was performed by executing the commands:
shapiro.test (DP) #Quantify the normality of the variable weight loss
shapiro.test (CA) #Quantifies the normality of the variable atomic calcium
cor.test (DP, CA) #Quantifies the association between the previous variables.

RESULTS
No CA was detected in the solutions with the control dentines or in bidistilled water. The matrix with the experimental data
obtained for the weight of the pieces of bovine root dentine and CA content in the 17% EDTA solution after 30 min of contact
and the statistical indicators are presented in Table 1. The coefficient of percentage variation, by relating the standard deviation
with its average, it allows to compare the dispersions of different samples with positive measures. Similar variability is observed
between the samples AT (13.02%) and DP (13.63%), and somewhat similar between DP (20.33%) and CA (26.36%).
Table 1. Matrix of data with the weight of bovine root dentins before (AT) and after (DT) of treatment with EDTA 17%, weight reduction and atomic
calcium present in the solution.
Sample
1
2
3
4
5
Average standard deviation
Coefficient of variation (%)

Weight AT (g)
0.4545
0.3880
0.3301
0.4032
0.3439
0.38394
0.050
13.02

Weight OT (g)
0.4469
0.3766
0.3206
0.3944
0.3320
0.3741
0.05 1
13.63

Weight reduction (g)
0.0076
0.0114
0.0095
0.0088
0.0119
0.00984
0.002
20.33

Atomic calcium (mg/di)
173.9
208.3
145.4
101.7
135.1
152.9
40.3
26.36

In Figure 1 the box diagrams and extensions of the AT and DT data series suggest that they have similar, symmetric
distributions (in both cases Q2 are closer to Q3, so a negative asymmetry in the data can be estimated) central) and without
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outliers (data that are outside the whiskers and are identified by an asterisk). As the boxes overlap along the vertical axis, it can
be assumed that the average weights do not differ beyond the random variation. However, the statistical difference between the
average weights can only be determined with a parametric or nonparametric hypothesis test.

Figure 1. Distribution of bovine root mean dentine weight before and after (TD) of contact treatment with EDTA 17%.

The decision on the correct procedure to compare paired samples, between a parametric test (Student's t test) and a
nonparametric test (Wilcoxon), was based on the analysis of the parametric assumptions (normality, homoscedasticity and
independence) whose results are presented in the Table 2. The probability values for both normality tests (0.7611 and 0.7142)
being greater than the type I error (0.05), allow us to estimate that the samples AT and DT come from a population with normal
distribution, being correct its subsequent analysis with the parametric procedure test-t.
When the variances of both samples (AT and DT) are contrasted, the probability value reported in Table 2 for the Fisher test
(0.964), being greater than the type I error (0.05), leads to think that the variances are equal and the variant of the test t for paired
samples must be resorted to, using the argument PAIRED=TRUE.
Finally, to determine if the samples AT and DT are not independent, we used the Pearson simple correlation analysis, which
in R language is performed with the cor.test function (AT, DT). The probability value reported in Table 2 for the correlation (7.869
e-06=0.000007869) being less than the type I error (0.05), leads to reject the hypothesis that the samples are independent, then
the variant must be resorted to of the test t for related or paired samples with the argument var.equal=TRUE.
Table 2. Analysis of the assumptions of normality, homoscedasticity and independence.

Shapiro test (AT)
Shapiro Wilk Normality test
data: AT
W=0.9534, p-value=0.7611

Shapiro test (DT)
Shapiro Wilk Normality test
data: DT
W=0.9468, p-value=0.7142

var.test (AT, DT)
F test to compare two variances
data: AT and DT
F=0.9532, num df=4, denom df=4, p-value=0.964 alternative hypothesis: true ratio of
variances is not, 95% confidence interval:
0.09924247 9.15481979
Sample estimates: Ratio of variances 0.9531773
cor.test (AT, DT)
Pearsons product-moment correlation
data: AT and DT
t=65.4226, df=3, p-value=7.869e-06
alternative hypothesis: True correlation is not equal to 95% confidence interval:
0.9944147 0.9999781
Sample estimates cor 0.9996497
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The results of the t-test, in its version for paired samples and equality of variances, are reported in Table 3. For comparative
purposes, the results of the Wilcoxon test are also presented, not suitable for the current experimental data.
Table 3. Student t and wilcoxon t-tests for related samples.
t.test (AT, DT, var.equal=TRUE, paired=TRUE)
paired t-test
data: AT and DT
t=12.256, df=4, p-value=0.0002545
Alternative hypothesis: true difference in means is not 95% confidence
interval: 0.007610876 0.012069124
Sample estimates: mean of the differences
0.00984

wilcox.test (AT, DT, paired=TRUE)
Wilccoxon signed rank test
data: AT and DT
V=15, p-value=0.0625
alternative hypothesis: the location change is not true

The probability value of the test t (0.0002545), being less than the type I error (0.05), leads to conclude that the difference
between the means of the samples AT and DT is significant (the loss of weight in the dentins is significant due to contact with EDTA
17%). The Wilcoxon signed rank test would have been correct in case the samples did not adjust to the normal distribution, and
the result would lead to a different conclusion (p-value=0.0625).
Before quantifying the link between the DP and CA variables in the solution, the dispersion diagram of Figure 2 was
developed, which allows us to estimate a direct but not significant association between the variables.

Figure 2. Scatter plot of atomic calcium (mg/dl) as a function of weight decrease (g).

The assumption previously was corroborated with the results of the Pearson correlation analysis presented in Table 4, after
determining the normality of both variables. The probability values (0.6825 and 0.9769) of the Shapiro-Wilk test applied to the
variables DP and CA, indicate that both adjust to a normal distribution and therefore the analysis with the Pearson correlation
is relevant to quantify the magnitude of the association between them. The correlation coefficient (r=0.202) suggests that the
variables show a direct association, but that it is not significant (p-value=0.7445).
Table 4. Correlation analysis between weight reduction (DP) and atomic calcium (CA).
Shapiro.test (DP)
Shapiro-Wilk normality test

data: DP
w=0.9423, p-value=0.6825

Shapiro.test (CA)
Shapiro-Wilk normality test

cor.test (DP, CA)
Pearson’s product moment correlation

data: CA
w=0.9892, p-value=0.9769

data: DP and CA
t=0.3574, df=3, p-value=0.7445
alternative hypothesis: true correlation is not equal to 0
95% confidence interval:
-0.8277735 0.9202698
Sample estimates:
cor 0.202063
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DISCUSSION AND CONCLUSION
EDTA 17% captures bivalent cations; in front of dentin tissue it joins the calcium it has penetration power [12] that allows the
contact between the topical substances and the dentin for better cleaning and sealing in the restoration.
Uniradicular human teeth extracted in a healthy state are scarce, usually obtained for orthodontic reasons [13]. This limits
their availability to use them. Thus, it was experimentally tested with teeth of other species, including bovine [14]. The incisors are
larger than the same humans and are easily obtained from young animals slaughtered for slaughter [15,16]. They were used as an
experimental model in studies of the action of irrigation solutions in root dentin [13,17,18].
Previous in vitro studies confirmed the efficacy of the chelator according to the joint action of the solution and the
instruments [19]. In the present work ex vivo, the changes caused by the exclusive chemical action of EDTA 17% on contact with
bovine root dentin, without incorporating the action of instruments. The time tested, superior to that usually applied during the
treatment, would magnify the chemical action of the chelator on the dentin. The CA quantified in EDTA 17% and the DP of the
bovine root dentin, before and after 30 min of contact with the solution evidenced it.
EDTA 17% bufferate is used at pH 7.3. It could remove soluble or partially soluble components from dentin, including a
non-collagenous protein, phospho-phorin, which is associated with the calcification process [4]. Thus, the chelating solution
eliminates superficial calcifications and also affects properties of the dentine, such as its hardness, [20] reducing it markedly when
its application is prolonged over time [2,21].
In the endodontic treatment, for the cleaning and conformation of the root canals, 17% EDTA is used for a time less than
15 min, and this solution is alternated with other irrigation solutions. In the present study, in which EDTA 17% contacted bovine
dentine for 30 min, an average of 155.9 mg of CA extracted every 100 ml of chelating solution was obtained, confirming previous
findings [3-17].
The analysis of the parametric assumptions with the tests of normality, homocedasticity and independence of the weights of
the dentins corresponding to the variables AT and DT, endorse the use of the variant of the test t for paired samples and equality of
variances. The dentine weight decreased significantly (0.00984 g) in the time tested, concluding that the differences between the
means are highly significant when obtaining a p-value=0.0002545. In addition, a direct association (r=0.202) but not significant
(p=0.7445) between dentine weight loss and presence of CA in the chelating solution was determined. The presence of CA in the
solution could be due to the partial dissolution of dentine phosphor proteins due to the prolonged contact time with EDTA 17%
and not exclusively to the chelating action of said solution.
These results coincide with a previous study in ex vivo human teeth, where the presence of calcium was demonstrated
in the solution aspirated from the root canals during irrigation [3]. Since dentin has 70% inorganic component and 20% organic
component, and that the hydrophilic protein phosphoforin bound to the matrix rich in collagen type I binds calcium, sodium and
potassium in the mineralization fronts, [22,23] the extraction of minerals affects the hardness of the dentin tissue decreasing its
resistance and stability in the post-treatment time. Basically, dentine partially demineralized by an endodontic treatment could be
remineralized by calcification with calcium hydroxide paste, but the irreparable loss of proteins affects its natural stability.
The R language, in addition to its free availability and having a wide field of consultation on the Internet, through a simple
routine, facilitated the comprehensive statistical analysis of samples of paired data.
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