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SILVER CITRATE: EFFECT OF A NEW CHELATING AGENT ON THE
MICROHARDNESS OF ROOT DENTIN
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ABSTRACT

Present study was aimed to evaluate the effect of various chelating irrigants on the micro-hardness of the root canal dentin. A total of 30 extracted
mandibular premolars with single canals were selected and decoronated. Samples were randomly divided into 3 groups, according to the chelating
irrigants used: Group 1: EDTA 17%, Group 2: Citric Acid (CA) 10%, Group 3: Silver Citrate Solution. Then mid root portion of teeth were
longitudinally sectioned into segments and then embedded in an auto-polymerizing acrylic resin. Vickers microhardness values were measured
before and after treatment with Sml of chelating agent for 1 minute. Data were analyzed using One-way ANOVA and Student paired t-tests. On
comparing: Silver Citrate (group 3) showed significantly higher mean micro hardness as compared to EDTA 17% (group 1) and Citric Acid 10%
(group 2) at p=0.004 & p=0.01 respectively. And on comparing micro hardness before and after treatment with chelating agents showed
significantly lesser values than baseline values which was statistically significant at p<0.001. All groups showed reduction in dentin
microhardness.17% EDTA and 10% Citric acid has shown maximum reduction in dentin micro hardness. And the least reduction in dentin micro

hardness was seen with silver citrate solution.
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INTRODUCTION

The goal of root canal treatment is to remove all vital, necrotic tissues,
microorganisms, and microbial by-products from the root canal
system which can be accomplished by chemical and mechanical
cleaning.' Irrigation plays a central role in root canal therapy as it
helps cleaning beyond what might not be achieved by mechanical
instrumentation alone and aids in removal of microorganisms, tissue
remnants and dentin chips from root canal through flushing
mechanism.” For an irrigant to be effective it should exhibit a number
of physicochemical properties. However no endodontic irrigant
exhibits all ideal properties.’

Sodium hypochlorite is the most commonly used irrigant in
endodontics. Though it has excellent antibacterial action and capacity
of dissolving organic materials it does not effectively remove the
smear layer.’ Chelators have demineralizing effect which act
indistinguishably on smear layer and root dentin’. In 1957 Nygaard
Ostby introduced chelators in endodontics.4 Their demineralizing
effect aids in removal of smear layer, increases the access of the
irrigants into the dentinal tubules allowing adequate disinfection. They
also facilitate the action of endodontic instruments in narrow, calcified
root canals but reduces dentin microhardness.’

Microhardness of dentin depends on the amount of calcified matrix per
square millimeter.’ Alteration in the chemical structure and Ca/P ratio
is seen when irrigating solutions are used during endodontic therapy
which in turn affects the mechanical properties of dentin.’ It can also
affect adhesion between the dental material and hard tissues.’
Microhardness measurement, micro radiographic assessments,
scanning electron microscopic methods, energy dispersive
spectrometric analysis and surface roughness testing can be used to
evaluate alteration in calcium phosphorous ratio and surface changes.
Among the mechanical characterization methods microhardness
measurement is a simplest non-destructive method. Vickers
microhardness was adopted for this study due to its suitability and
practicability.’

Nowadays the attention of the researchers and clinicians has shifted to
silver based active particles dispersed in aqueous solution " as they

have powerful biocidal properties that could be ideal for an innovative
root canalirrigant.”

Silver Citrate is a white substance with a very limited solubility in
water and completely soluble in citric acid* The pH of Silver Citrate
solution is approximately 1.7.” Invitro studies have shown that Silver
Citrate solution was able to remove smear layer and expose most of the
dentinal tubules in coronal, middle and apical portion. And it has
comparable antibacterial activity to 5.25% NaOCI against E.fecalis
biofilm® which is a gold standard irrigant.

The aim of the present study was to evaluate the effect of various
chelating agents on the micro-hardness of the root canal dentin.

MATERIALS & METHODOLOGY

Sample preparation and grouping:

A total of 30 human mandibular premolar teeth that were recently
extracted were used in this study. Teeth were stored in saline solution at
room temperature until used. The teeth samples were decoronated
using a diamond disk at CEJ level. The root canal length was
standardized to 15mm. All canals were instrumented with Neoendo
files according to manufacturer's instruction. The Neoendo file
sequence was used up to size 30 - 4%. Saline was used for irrigation.
Then each sample was sectioned perpendicular to the long axis to
obtain three Smm dentin discs. The mid root portion of the root canal
was selected. The mid root portion was then split in the buccolingual
direction to obtain root halves. One-half from each root was embedded
inanacrylic resin block. In order to obtain a smooth surface the dentine
surfaces of the specimens were placed on a circular grinding machine
with silicon carbide abrasive papers under constant water irrigation
and polished with fine alumina suspension on a rotary felt disc.
Randomly selected teeth samples were divided equally into 3 groups
depending on the chelating agents used. Each group consists of 10
teeth samples.

Group 1 —17%EDTA—n=10

Group2—10% CITRICACID—n=10

Group 3—SILVER CITRATE SOLUTION (4.846% Citric acid and
0.003%silverions)—n=10
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The samples were subjected to microhardness testing before treating
with chelating agents to obtain baseline values. Then samples were
irrigated with 1ml of these test solutions for one minute.’ Saline was
used as a final rinse and again samples were subjected to
microhardness testing.

Determination Of Microhardness

Dentin microhardness was determined in each specimen with a
Vickers hardness tester. The indentations were made with a Vicker's
diamond indenter using a load of 200 g and a dwell time of 15 seconds.
The indentations were done at 0.5 mm away from the canal for
standardization in this study. The diamond shaped indentations were
carefully observed and average length of 2 diagonals was used to
calculate the microhardness. The mean for each sample was
calculated. (Figure 1)

Figure 1: Determination of microhardness

Statistical Analysis:

GPower software v. 3.1.9.4 [(Franz Faul, Universitit Kiel, Germany)
was used to estimate the sample size. Statistical analysis of this study
was performed using Statistical Package for Social Sciences [SPSS]
for Windows Version 22.0 Released 2013. Armonk, NY: IBM Corp.

One-way ANOVA test followed by Tukey's HSD Post hoc Analysis
was used to compare the mean Micro Hardness between 03 groups.
The level of significance [P-Value] was setat P<0.05.

RESULTS:

Before treating with chelating agents (Table 1)

Mean micro hardness value before using the chelating agents were as
follows:

EDTA17% group 1—57.70+12.91

Citric Acid 10% group 2—57.60 £12.02

Silver Citrate group 3—59.30+7.90.

The difference in the mean micro hardness between 3 groups was not
statistically significant [p=0.93]. (Table: 1)

* Before treating with chelating agents (Table 1)

Comparison of mean Micro Hardness bw 3 groups before treating with chelating
ageats using Ove-way ANOVA Ten

Groups 1 N [ Mean sD I Mm | Max pvalue

EDTA 1% [10] 5700 | 1291 | 420 | s10

Cine Acsd 10% 0] 9760 | 1202 [ w0 | 7m0 093

Sutver Crtrate 0| %3 J 790 | 490 | 750

After treating with chelating agents (Table 2)

Multiple comparison of mean difference between groups revealed
that:Silver Citrate (group 3) showed significantly higher mean micro
hardness as compared to EDTA 17% (group 1) and Citric Acid 10%
(group 2) at p=0.004 & p=0.01 respectively. However, no significant
difference in the mean micro hardness was demonstrated between
EDTA 17% & Citric Acid 10% groups [0.94]. (Table 2)

After treating with chelaling agents (Table 2)

Comparison of mean Macro Hardness bw 3 groups after treating with chelating agents
using One-way ANOVA Test
Groups N | Mean SD | Mm | Max P-Value
EDTA 1™ 1] 210 8 80 300 50
Citrae Acd 10% 10 43150 950 20 &40 0.003*
Suhver Cutrate 10 5610 812 450 20

* - Suatmnscally Sigmficant

Comparing before & after treatment with chelating agents
(Figure: 2)

Test results showed that the mean micro hardness after treatment with
chelating agents in all the 3 study groups showed significantly lesser
values than baseline values

EDTA17% group—42.10+8.80

Citric Acid 10% group—43.50+9.80

Silver Citrate group=56.10+8.12

The mean difference in the micro hardness between before and after
treatment with chelating agents in each study group was statistically
significant at p<0.001 (Figure:2)

s Mardness

Mean Mor

LOTA 17% tric Ackd 10% Shver Chrate
o Betre i | AN B

Figure 2: Comparing before and after treating with chelating agents

DISCUSSION

Endodontic irrigants are capable of modifying the chemo mechanical
properties of dentin by removing the calcium ions present in the
hydroxyapatite crystals. This in turn can adversely affect the adhesion
ofroot canal obturating material.”

According to Pashley, dentin microhardness depends on the amount of
calcified matrix per square millimeter. So net mineral loss or gain in the
dental hard tissues can be indirectly measured using microhardness
test.'Studies have reported decline in microhardness of dentin when
tested from superficial to deep regions. This can be attributed to the fact
that a greater number of widely opened dentinal tubules are found near
the pulp, which offer least resistance to the microhardness testing
indenter.” Pashley et al, proposed an inverse correlation between dentin
microhardness and tubular density. '‘Therefore in this study, mid-root
dentin region was used for testing to minimize the effect of the
structural variations of different teeth and provide a reasonable
baseline for evaluation."

Demineralization capacity of chelating agents depends on contact
time, pH, concentration and amount of available solution. There is no
clear data on optimum contact time that an irrigant solution must be
kept in root canals to remove the smear layer. However, a study by
Yamada et al suggested a duration of 1 minute with EDTA" was
sufficient. Hence in this study all the chelating agents were applied for
one minute.

17% EDTA irrigation induced more reduction in dentin
microhardness. The chelating action of EDTA solution induces an
adverse softening potential on the calcified components of dentin, and
subsequently a reduction in the microhardness was expected.” Though
as chelator, EDTA has been popular among clinicians, its drawback
lies with its insubstantial antimicrobial efficacy™

10% Citric acid is a weak organic acid. The chelating action of citric
acid solution has a demineralizing effect on the calcified dentin
components, and as a result of this calcium is lost.” Due to its low pH,
10% Citric acid causes more dentine erosion than other chelators and
leaves precipitated crystals on the root canal wall that might interfere
with the root canal filling." According to Soram Oh et al 17% EDTA
induced more calcium dissolution than 10% CA'". However, no
significant difference in the mean micro hardness was demonstrated
between Group 1 (EDTA 17%) and Group 2 (Citric Acid 10%) in this
study.

Aqueous Silver Citrate solution provides a stabilized form of silver
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ions in an organic acid (Citric acid). "The bioavailability of the ions
allows the silver citrate complex to be rapidly efficacious against a
broad spectrum of bacteria," fungi and viruses."” Silver Citrate targets
these structural proteins and dismantles their structure, leading to the
disruption of the organism's membrane and subsequent lysis of the
microbial cells."”

In this study samples treated with Silver Citrate shows higher
microhardness values compared to group 2 (10% citric acid) which
may be due to lower concentration of Citric acid.

In a study conducted by Hassan et al. nano silver intracanal
medicament showed a gradual increase of microhardness with time™.
However, the increase in dentine microhardness found in the samples
treated with silver nanoparticles could be attributed to the deposition of
silver nanoparticles on the dentine surface and inside the dentinal
tubule” .Hence in the current study silver ions present in Silver Citrate
solution might have attributed for better dentin microhardness values
compared to 10 % Citric acid and 17% EDTA groups

An irrigant with the ability to remove the smear layer without causing
much erosion of the radicular dentin and also eradicate microbial
biofilms would be considered close to ideal. Thus, one can say Silver
Citrateis a“GLIMMER OF HOPE” INENDODONTICS.

CONCLUSION

Within the limitations of this study, it can be concluded that all irrigants
used in this study showed reduction in dentin microhardness.17%
EDTA and 10% Citric acid has shown maximum reduction in dentin
micro hardness. And the least reduction in dentin micro hardness was
seen with Silver citrate solution
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