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Purpose: This study aims to retard the setting reaction of CSC by mixing it with 2%

chlorhexidine gel (CHX) which will be used as an intracanal medicament, and to evaluate the

removal of the experimental medicaments from the root canal.

Materials and Methods: White Portland cement, white ProRoot MTA and Biodentine

were mixed with 2% CHX. The setting time, flowability and film thickness of the CSC/CHX

mixture (experimental medicaments) were assessed and measured following the standards of

ISO specification. Calcium ion release was measured using ICP-OES, while pH was tested

using a pH meter. Moreover, twenty single-rooted teeth were filled with the experimental

medicaments for seven days, then the medicaments were removed and the samples analyzed

using SEM. Calcium hydroxide paste was used as a control.

Results: The setting time of the experimental medicaments was inhibited until 84 days. The

calcium ion release of the experimental medicaments was significantly higher compared to

the control over the period of 14 days (P<0.001). The mean pH value was above 11.45 for all

tested materials over a period of 14 days, with no significant difference between them

(P<0.05). There was no significant difference in film thickness of the experimental medica-

ments compared to the control (P> 0.05). However, the flowability of the experimental

medicaments was significantly higher than the control (P<0.05). SEM showed no significant

differences in the removal of the intracanal medicaments between all the tested groups.

Conclusion: The addition of 2% CHX to CSCs retarded or inhibited its setting reaction over

a period of 84 days. The calcium ion release and flowability of these experimental medica-

ments was found to be better than calcium hydroxide. Removal of the intracanal medica-

ments from the root canal was successfully achieved in all groups. Therefore, these

experimental medicaments have the potential to be used as an enhanced root canal

medicament.
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Introduction
Mineral trioxide aggregate (MTA) is a calcium silicate-based cement (CSC) which

launched into the dental field in the mid-1990s and it has gained much popularity

since.1,2 MTA has been a material of choice for several endodontic procedures. It has

been used to repair root defects such as perforations and internal and external

resorptions.3 Furthermore, it has been successfully used as a root-end filling material

during periapical surgeries and as an apical barrier for the open apex of the canals.

More recently, it has been used as a root canal sealer and for treatment of dentine

hypersensitivity.4–6 Additionally, MTA has been proposed to be used to stimulate a

dentinogenic process in human pulp capping7 and obturation of retained primary
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teeth.8 Furthermore, CSC has an antibacterial activity due to

the release of hydroxide ions (OH−) by calcium silicate that

triggers a rise in pH values.9,10

In root canal treatment, the infected pulp tissues (a source

of infection) are removed to eliminate or decrease pain

through chemo-mechanical cleaning.11 It has been shown

that following chemo-mechanical preparation of the root

canal system, bacteria can still be detected in the empty

canals and that the bacteria may grow rapidly in between

the dental appointments.12 Shaping is usually not enough to

complete the removal of bacteria; therefore, the combination

of irrigation, instrumentation and intercanal medication is

recommended.13 The antibacterial agent that is placed inside

the canal, acting as an interappointment dressing to eliminate

the residual bacteria and prevent further infection, is called

intracanal medicament. It is used after shaping and cleaning

the root canal to reduce periapical tissue inflammation and to

achieve a root canal free of bacteria after instrumentation.14

Several intracanal medicaments such as calcium hydroxide,

phenolics, aldehydes, halides, steroids, antibiotics and chlor-

hexidine are used in endodontics.15,16

Among all the intracanal medicaments, calcium hydro-

xide is considered the gold standard.17 It is more often

used as an interappointment dressing during root canal

treatment because of its potential antibacterial actions in

primarily infected root canals.18 However, it may fail to

destroy certain facultative bacteria such as Enterococcus

faecalis and Candida albicans found in secondary endo-

dontic infections.19 Furthermore, its distribution through

the whole canal is usually troublesome20,21 and its com-

plete removal is problematic.22

Although CSC has been used in different dental proce-

dures as mentioned previously, it has not been used as intra-

canal medicament due to its setting reaction. To use CSC as a

potential intracanal medicament for endodontic therapy, the

setting reaction of the cementmust be retarded or inhibited and

antibacterial activity needs to be enhanced. Some investigators

had replaced its mixing liquid with an antibacterial agent to

enhance its antimicrobial properties. It should be noted that

chlorhexidine has been used as endodontic irrigant and intra-

canal medicament during root canal treatment.23 It has an

antibacterial effect against E. faecalis which affects the endo-

dontic success.24 However, chlorhexidine does not act as a

physical barrier against microbial recolonization and is inef-

fective in detoxifying bacterial endotoxins. Furthermore, it is

not radiopaque if it is used as an intracanal medicament.25 It is

well established that the combination of 2% chlorhexidine

liquid with MTA powder improves the antibacterial effect of

white and grey MTA against E. Faecalis.26 Another in vitro

study concluded that a concentration of 2% chlorhexidine

mixed with MTA powder had a larger zone of inhibition

against E. faecalis compared to lesser concentrations.27

The setting reaction of CSC can be interfered by inhi-

biting the process of hydration.28 This can be achieved by

substituting its mixing liquid with gel-based agents. A

study performed by Kogan et al showed that the addition

of chlorhexidine gel to MTA prevented the material from

setting for four hours.29

The purpose of this study is to retard the setting time and

improve the handling characteristics of the CSC by mixing it

with 2% chlorhexidine (CHX) gel and to determine the phy-

sical properties of this experimental medicament which is to

be used as an intracanal medicament. Additionally, it aims to

evaluate the removal of different experimental root canal

medicaments and calcium hydroxide from the root canal

using radiographs and scanning electron microscoe (SEM).

Materials and Methods
Table 1 shows the composition and manufacture of each

material used in the present study. Experimental medica-

ments used in this study are as follows:

● White Portland Cement (WPC) mixed with 2% chlor-

hexidine gel (CHX)
● White ProRoot MTA (WMTA) mixed with 2% chlor-

hexidine gel (CHX)
● Biodentine (BIO) mixed with 2% chlorhexidine gel

(CHX)
● Calcium Hydroxide paste (CH paste)

The Physical Properties of the Intracanal

Medicaments
Setting Time

Disc-shaped samples were prepared to assess the setting

time of three CSC (n=5) namely: White Portland Cement

(WPC), White ProRoot MTA (WMTA), and Biodentine

(BIO) after mixing with 2% chlorhexidine gel (CHX). A

custom made Perspex mold (Zectron Sdn Bhd, Kuala

Lumpur, Malaysia) measuring 2mm in height and 10mm

in diameter was used to prepare the disc-shaped samples.

Experimental medicaments (a mixture of CSC and 2%

CHX) was prepared by mixing the cement with the gel

in the ratio of 2:1 (0.3g powder: 0.15g gel). The ratio of

2:1 was selected based on our preliminary study to have a

Mahmoud et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical, Cosmetic and Investigational Dentistry 2020:1250

http://www.dovepress.com
http://www.dovepress.com


medicament with workable consistency. Air entrapments

inside the mixture were avoided by using mechanical

vibration for 10 seconds to evenly distribute the mixture.

Samples were then kept inside an incubator at 37°C, 100%

humidity for 24 hrs until the test began.

The setting time was analyzed using the Vicat apparatus

with a modified Gilmore needle based on the American

Society for Testing and Materials C266-08 specifications and

according to the ISO Standard 6876/2001 method.30 During

the test, the samples were subjected to a load of 456g. The final

setting time for the specimens was taken as the time from

mixing until the needle failed to make an observable indenta-

tion on the material. Samples were assessed for the following

time periods: 1, 2, 3, 4, 5, 6, 7, 14, 28, 60 and 84 days.

pH and Calcium Ion Release Analysis

The pH and calcium ion tests were performed by filling

polyethylene tubes 10 mm long and 1 mm in diameter with

each tested material: WPC; WMTA; BIO that mixed with

2% CHX gel in the ratio of 2:1 (0.3g powder: 0.15g gel);

and calcium CH paste which was used as a control group

in this test. The CH paste group was mixed and prepared

according to the manufacturer’s recommendations. All

samples were then stored in an incubator at 37°C, 100%

humidity for 24 hrs until the analysis began.

For pH analysis of the tested materials (n=8), a digital

pH meter (pH 700, Eutech, Thermo Fisher Scientific Inc,

Waltham, USA) was used. The device was calibrated

before each reading with buffer solutions at pH 4, 7, and

10. Fresh distilled water (5 mL) was added into the vial of

each sample and allowed to equilibrate for 24 hrs in the

incubator before testing. Subsequently, the pH of the water

surrounding the specimens was measured. After recording

the readings, the sample was stored in the incubator

until the next test. The replenishing of the distilled water

into the vials was done one day prior to each of the

following testing periods: 1, 7, 14, 21, and 28 days.

For calcium ion release of the tested materials (n=8),

inductively coupled plasma-optical emission spectrometry

(ICP-OES) (OPTIMA® 7000 DV, PerkinElmer, Inc.,

Waltham, USA) was used. The amount of 0.1g was mea-

sured from the stored samples and used for acid digestion

and analysis. The acids used for the digestions were 67%

concentrated nitric acid (HNO3), 30% hydrogen peroxide

(H2O2) and 37% concentrated hydrochloric acid (HCl).

The digested sample was eventually analyzed for the fol-

lowing time periods: 1, 7, 14, 21, and 28 days. The method

used to analyze the calcium ion release was based on the

American Public Health Association 3120 (APHA) stan-

dard. The equipment was standardized using calibration

standards and was se to blank before the readings.

Flowability and Film Thickness Analysis

Fresh samples of the same materials used in this study

were mixed in the same manner to test the flowability and

film thickness and then subjected to analysis. The control

group (CH paste) was mixed and prepared according to the

manufacturer’s recommendations.

Flowability was analyzed based on ISO specification

6876/2001.30 Two optically flat glass plates with a mass of

20 ±2 g were used. An amount of 0.5 mL for each sample

(n=5) was placed on the center of a glass plate using a 1mL

Table 1 Different Types of CSC and CHX Gel with the Control Used in This Study

Materials Compositions Manufacturer

1. White Portland Cement

(WPC)

Tricalcium silicate, Dicalcium silicate, Tetracalciumaluminoferrite and Tricalciumaluminate. Aalborg,

Malaysia

2. Biodentine (BIO) Powder: Tricalcium silicate, Dicalcium silicate, Calcium carbonate, Oxides and Zirconium

oxide.

Liquid: Iron oxide, calcium chloride and a water –soluble polymer.

Septodont,

France

3. White ProRoot MTA

(WMTA)

Tricalcium silicate, Dicalcium silicate, Tricalcium aluminate, Silicate oxide and Bismuth oxide. Dentsply, USA

4. 2% Chlorhexidine

Gluconate Gel (CHX gel)

Sorbitol, Aqua, PEG-40, Hydrogenated castor oil, Hydroxyethylcellulose, Panthenol, Cinnamal,

Allantoin, Chlorhexidine Digluconate, Sodium Methylparaben, Sodium saccharin, PVM/MA

copolymer, Citric acid.

Foramen, Spain

5. Calcium Hydroxide paste

(CH paste)

Non-setting calcium hydroxide with barium sulfate. Master-Dent,

USA
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syringe. At 180 ±5 seconds after mixing, another plate was

placed carefully on top of the mixed sample, followed by a

load of 100g that was carefully applied onto the top surface

of the plate. Ten minutes after mixing, the load was removed,

and the major and minor diameters of the compressed discs

were measured using a digital caliper with a resolution of

±0.01 µm (Absolute Digimatic 500–197, Mitutoyo Corp,

Kawasaki, Japan). The mean of three such determinations

for each sample was taken as the flow of the material.

Film thickness (n=5) was analyzed using two 5 mm thick

optically flat glass plates with a contact surface area of 200

±25 mm2 that were positioned together, and their combined

thickness was taken with a digital caliper (Absolute

Digimatic 500–197, Mitutoyo Corp, Kawasaki, Japan) to an

accuracy of ±0.01 µm. Freshly mixed samples were placed

between the glass plates after 2 mins after the start of mixing,

and a load of 150Nwas applied on the top surface of the glass

plate for 10 mins according to the method described in ISO

Standard 6876/2001.30 The difference in thickness of the two

glass plates with and without the sample was recorded as the

film thickness of the material.

Removal the Intracanal Medicaments

from the Root Canal
Teeth Selection

Twenty single-rooted human teeth with straight canals were

used for this study. The teeth were examined visually for no

visible root fractures, caries or cracks. The teeth were radio-

graphed to confirm that they had a single canal without any

internal calcifications, irregularities, and other anomalies and

a completely formed root apex. The root surfaces were scaled

with an ultrasonic instrument to remove any calculus or soft

tissue from the surface, washed with distilled water and then

stored in normal saline for two days.

The crown of the teeth was removed to obtain a stan-

dardized root length of 15 mm by using a diamond disc.

The teeth were randomly divided into four experimental

groups (n=5).

Root Canal Instrumentation

All root canals of the teeth were negotiated using K-files size

10 (Dentsply Maillefer) and a glide path was created using K

files size 20. The working length was confirmed at 1 mm

shorter than the apical foramen. Mechanical instrumentation

of the root canal was performed using ProTaper Next rotary

files (Dentsply Maillefer, Ballaigues, Switzerland) to size X3

by following the sequence prescribed by the manufacturer.

The canals were irrigated with 5.2% NaOCl (Onemed,

Cairan Dental, Kuala Lumpur, Malaysia) and 17% EDTA

paste (Vista Dental Products, South Street Racine, WI, USA)

was used between each file during instrumentation. Patency

of the root canals was verified by passing a K file size 10.

Radiographs were taken for each tooth after completing the

shaping and cleaning of the root canal.

Following irrigation with ultrasonic file size 25 (Irrisafe

File, Satelec Acteon, Mendota Heights, MN, USA), the root

canals were dried with X3 paper points. Experimental med-

icaments and the control were mixed using the same protocol

used for evaluating the physical properties in this study. The

root canals were filled with the medicaments using lentulo

spiral size 25 (Dentsply Maillefer, Ballaigues, Switzerland)

at a speed of 600 rpm. Radiographs were taken to confirm the

complete filling and distribution of the medicament in the

root canals. The access cavities were sealed with cotton

pellets and temporary filling material (3M ESPE, CavitTM

W, Germany). Teeth were incubated for 7 days in an incu-

bator at 37°C temperature, 100% humidity (Memmert,

Schwabach Germany).

Intracanal Medicament Removal

The intracanal medicaments in each group were removed

using a combination of manual k-file size 15 and ultra-

sonic file size 25, together with irrigation solutions 5.25%

NaOCl and finally irrigated by 17% EDTA solution.

Radiographs were taken to ensure the complete removal

of the intracanal medicaments from the root canal.

Root Splitting

The roots were grooved on the buccal and lingual aspects

using a water-cooled cutflex diamond disc (DFS, Germany).

The grooves were prepared short of the apical foramen by

0.5 mm, along the long axis of the root without touching the

canal walls. All roots were split in the buccolingual direction

using a chisel and mallet into two halves. Both halves of the

root were marked at 12 mm (coronal third), 8 mm (middle

third) and 4 mm (apical third) from the root apex for SEM

evaluation. The method for splitting the teeth was adapted

from previous studies.31

SEM Evaluation

Each Sample was dehydrated to reduce image noise thus

facilitating the assessment of samples and minimizing arti-

facts. Therefore, all samples were placed in a desiccator for

24 hrs before SEM evaluation. Each sample was mounted on

an aluminum stub. Then, images were viewed at 1000 times

magnification and photographed at three different levels

(apical, middle and coronal thirds, respectively).
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Scoring and Calibration

A scoring procedure was defined to assess the quantity of

residue on the canal walls. Two experienced endodontists

(who were unaware of the experimental groups to which

each section belonged) conducted the analysis using the

following 5-grade scale:31

Score 1: 80%–100% removal of medicament (total

cleanliness)

Score 2: 60%–80% removal of medicament (great

cleanliness)

Score 3: 40%–60% removal of medicament (partial

cleanliness)

Score 4: 20%–40% removal of medicament (light

cleanliness)

Score 5: 0%–20% removal of medicament (no

cleanliness)

Statistical Analysis
All data was statistically analyzed by using SPSS 20.0.

One-way analysis of variance (ANOVA) with Tukey’s post

hoc test was used to analyze all the results for the tested

materials for all the experiments. The significant level was

set at p<0.05 or p<0.001.

For evaluation of intracanal medicament removal,

scores for each sample were calculated, tabulated and

analyzed with SPSS. Cohen’s kappa coefficient was used

to measure inter-rater reliability and indicated substantial

agreement between two examiners. The Kruskal–Wallis

test was used to determine differences between all groups.

The significant level was set at p<0.05.

Results
The Physical Properties of the Intracanal

Medicaments
Setting Time

The setting time of experimental medicaments was consis-

tent between groups. The three experimental medicaments

that mixed with 2% CHX gel did not set until the end of the

testing period (1, 2, 3, 4, 5, 6, 7, 14, 28, 60, and 84 days).

pH Analysis

Throughout the experimental period, the results of pH mea-

surements were alkaline. The mean pH values for all the

experimental medicaments varied between 10.55–12.18

(Table 2). Analysis of variance (one-way ANOVA) showed

a significant difference at all times of the study (p≤0.001) as
shown in Table 3. However, BIO/CHX gel mixture showed

the highest pH values among other experimental medica-

ments used in this study except for day 1. CH paste was

significantly higher than other experimental medicaments

used in this study during the testing periods (p≤0.001).

Calcium Ion Release

Analysis of variance (one-way ANOVA) showed a signif-

icant difference at all times of the study (p≤0.001) as

Table 2 Mean and Standard Deviation of pH Value for the Experimental Medicaments and CH Paste Used in This Study Over 28 Days

Period

Periods WPC + 2% CHX Gel BIO + 2% CHX Gel WMTA + 2% CHX Gel CH Paste P value

Day 1 11.84±(0.027) 11.66±(0.028) 11.34±(0.029) 12.56±(0.029) p≤0.001

Day 7 12.09±(0.025) 12.18±(0.028) 11.75±(0.035) 12.56±(0.027) p≤0.001

Day 14 11.74±(0.026) 12.02±(0.027) 11.45±(0.029) 12.22±(0.039) p≤0.001

Day 21 10.95±(0.029) 11.64±(0.028) 10.55±(0.037) 12.25±(0.029) p≤0.001

Day 28 11.71±(0.027) 11.97±(0.037) 11.56±(0.202) 12.16±(0.035) p≤0.001

Note: p value (p≤0.001) significant value.

Table 3 Tukey HSD Post Hoc Test for pH Value

(I) Group (J) Groups Mean Difference

(I-J)

P value

Day 1 CH paste WPC + CHX 0.71625* p≤0.001

Bio + CHX 0.90250* p≤0.001

MTA + CHX 1.22500* p≤0.001

Day 7 CH paste WPC + CHX 0.47125* p≤0.001

Bio + CHX 0.37375* p≤0.001

MTA + CHX 0.80500* p≤0.001

Day 14 CH paste WPC + CHX 0.48125* p≤0.001

Bio + CHX 0.20000* p≤0.001

MTA + CHX 0.77625* p≤0.001

Day 21 CH paste WPC + CHX 1.30000* p≤0.001

Bio + CHX 0.61375* p≤0.001

MTA + CHX 1.70125* p≤0.001

Day 28 CH paste WPC + CHX 0.44000* p≤0.001

Bio + CHX 0.18000* p≤0.001

MTA + CHX 0.51500* p≤0.001

Note: *p value (p≤0.001) significant value.
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shown in Table 4. Tukey HSD Post hoc test (Table 5)

showed that all the experimental medicaments used in

this study released significantly higher calcium ions

(mean values, mg/l) compared to CH paste until 14 days

(p≤0.001). Among the experimental medicaments, BIO/

CHX mixture showed the highest calcium ions release at

day 21 compared to CH paste (p≤0.001). However, WPC/

CHX mixture showed significantly higher calcium ions

release compared to CH paste at day 28 (p≤0.001).

Flowability

Analysis of variance (one-way ANOVA) showed a signif-

icant difference between the groups p≤0.05, as shown in

Table 6. Tukey HSD Post hoc testing showed a higher

significant difference in the flowability between the experi-

mental medicaments and CH paste (Table 7). All the

experimental medicaments except CH paste showed the

flow to be greater than 17 mm, which complied with the

ISO standards.30,32 It was demonstrated that the MTA/

CHX mixture had significantly higher flowability than

others.

Film Thickness

The results of the film thickness are shown in Table 6. In

the present study, no statistically significant difference was

presented in film thickness for the experimental medica-

ments compared to CH paste (p=0.844). Film thickness for

all the experimental medicaments was 0.10 µm, while the

Table 4 Mean and Standard Deviation of Calcium Ion Release (Mg/l) for the Experimental Medicaments and CH Paste Used in This

Study Over 28 Days Period

Periods WPC + 2% CHX gel (mg/l) BIO + 2% CHX Gel (mg/l) WMTA + 2% CHX Gel (mg/l) CH Paste (mg/l) P value

Day 1 1979.75±(06.32) 2460.25±(33.96) 1884.00±(52.48) 485.63±(03.15) p≤0.001

Day 7 1926.25±(27.11) 2443.75±(35.38) 1845.00±(64.18) 494.63±(02.61) p≤0.001

Day 14 1058.38±(25.90) 1898.62±(43.68) 1486.12±(33.430) 476.62±(02.82) p≤0.001

Day 21 1050.00±(26.75) 1238.25±(07.166) 509.62±(46.356) 529.62±(03.37) p≤0.001

Day 28 745.88±(28.68) 494.38±(21.567) 397.00±(28.005) 532.62±(03.37) p≤0.001

Note: p value (p≤0.001) significant value.

Table 5 Tukey HSD Post Hoc Test for Calcium Ion Release

(I) Group (J) Groups Mean

Difference

(I-J)

P value

Day 1 CH paste WPC + CHX −1494.125* p≤0.001

Bio + CHX −1974.625* p≤0.001

MTA + CHX −1398.375* p≤0.001

Day 7 CH paste WPC + CHX −1431.625* p≤0.001

Bio + CHX −1949.125* p≤0.001

MTA + CHX −1350.375* p≤0.001

Day 14 CH paste WPC + CHX −581.750* p≤0.001

Bio + CHX −1422.000* p≤0.001

MTA + CHX −1009.500* p≤0.001

Day 21 CH paste WPC + CHX −520.375* p≤0.001

Bio + CHX −708.625* p≤0.001

MTA + CHX 20.000 0.463

Day 28 CH paste WPC + CHX −213.250* p≤0.001

Bio + CHX 38.250 0.012

MTA + CHX 135.625* p≤0.001

Note: *p value (p≤0.001) significant value.

Table 6 Mean and Standard Deviation of Flowability (Mm) and

Film Thickness (μm) for the Experimental Medicaments and CH

Paste Used in This Study

Materials Flowability

(mm)

P value-

One-Way

ANOVA

test

Film

Thickness

(μm)

P value-

One-Way

ANOVA

test

WPC + 2%

CHX gel

18.27±(1.79) p≤0.05 0.10±(0.016) 0.844

BIO + 2%

CHX gel

17.32±(1.80) 0.10±(0.031)

MTA + 2%

CHX gel

22.80±(1.00) 0.10±(0.019)

CH paste 14.15±(0.52) 0.11±(0.016)

Note: p value (p<0.05) significant value.

Table 7 Tukey HSD Post Hoc Test for Flowability

(I)

Groups

(J) Groups Mean

Difference

(I-J)

P

value

Flowability CH paste WPC + CHX −4.11800* 0.001

Bio + CHX −3.17000* 0.011

MTA + CHX −8.65400* p≤0.05

Note: *The mean difference is significant at the 0.05 level.
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film thickness of CH paste was 0.11 µm, which is in

agreement with the ISO standards.30,32

Removal the Intracanal Medicaments

from the Root Canal
The conventional radiograph showed that the intercanal

medicaments were successfully removed from the root

canal (Figure 1).

SEM for all the samples tested in this study showed

a small amount of debris left in the root canal walls.

Residue of intracanal medicaments was found in all

experimental groups regardless of the material used in

this study. Representative SEM micrographs are shown

in Figure 2.

The Cohen’s kappa coefficient of inter-rater reliabil-

ity between the two examiners was 0.78 and there was

high reproducibility with a significance level of

P=0.001, while the intra-rater reliability scores were

94% and 96%.

The Kruskal–Wallis test showed that there was no

significant difference between the four groups in terms of

intracanal medicaments removal (P=0.087), as shown in

Table 8 and Figure 2. Furthermore, the results revealed

that there was no significant difference between the cor-

onal third compared to the middle and apical thirds in all

samples respectively. However, the mean of WPC (18.17)

was less than CH (21.92), BIO (26.17), and WMTA

(31.75). Thus, the removal of WPC from the root canal

walls was superior compared to other intracanal medica-

ments used in this study.

Discussion
Mineral Trioxide Aggregate has been widely used in endo-

dontics due to its good physicochemical properties and excel-

lent biocompatibility.33 Although MTA is preferred in many

dental treatments due to its numerous advantages,34 it has not

been used as root canal medicament. This is because the

removal of MTA from the root canal after being fully set

and cured is extremely difficult.33 This in vitro study

explored the possibility of using calcium silicate-based

cement (CSC) as an intracanal medicament by retarding its

setting time. The experimental medicaments were a mixture

of CSCs and 2% CHX. Furthermore, the physical properties

such as setting time, pH, calcium ion release of the water

surrounding the specimens, flowability and film thickness

were analyzed. The application of intracanal medicament is

a routine procedure throughout root canal treatment.

Breaking the coronal seal could happen because the tempor-

ary restorations may dislodge or crack during treatment that

may lead to contamination of the root canal. Therefore, using

intracanal medicament is necessary to protect the root canal

system during root canal treatment.35,36

Several additives have been combined with MTA to

enhance the working properties of the cement. It has been

demonstrated that NaOCl gel may reduce the setting time and

improve the handling characteristics of the mixture. It may also

provide antimicrobial action. Additionally, chlorhexidine glu-

conate gel may retard and impair the setting time of the

cement.29 Researchers were using CHX in different concentra-

tions and forms such as liquid, gel and powder with MTA to

improve its antimicrobial properties.27,29,37 In a study

BA

Figure 1 (A) Intracanal medicament placed into the canal after instrumentation and (B) after removal of intracanal medicament.
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performed by Mittag et al27 the antimicrobial properties of

MTAwere increased when mixed with CHX in a dose-depen-

dent manner, whereas MTA with water had little antibacterial

effect. Additionally, in an ex vivo study by Ramezani et al38

mixingMTAwith 0.12%CHX reduced the amount of bacterial

leakage. The current study is the first which investigates the

potential use of CSCmixing with 2% CHX gel as an intracanal

medicament that could be used during inter appointment of root

canal treatment. Delayed setting times is considered a problem

and may limit the use of mineral trioxide aggregate (MTA) in

endodontic procedures.29 However, in this study, this limitation

can be transformed into an advantage with the associated anti-

bacterial efficacy of MTA, where the inhibition of the setting

time will add a new application for CSC and allow this material

to be used as an intracanal medicament. Recently, MTA has

become a common substitute for Ca(OH)2, and the outcomes of

the available clinical studies comparing MTA with Ca(OH)2
indicate its superiority.39

The setting time of MTA has been investigated exten-

sively in previous studies. It has been reported that the

final setting time of MTA is approximately 2 hrs and

45 mins.2,40 Another study reported 2 hrs and 55 mins

for Grey MTA and 2 hrs and 20 mins for White MTA.41 In

this study, the setting time of the experimental medicament

(CSC/CHX mixture) was analyzed using a Gilmore needle

and the procedure was based on the previous study which

had determined the setting time of CSC.42 This study

analyzed the setting time of experimental medicament for

a period of 84 days. The results showed that 2% CHX gel

prohibited the setting of all three cements until the end of

the experimental period. This finding is in accordance with

the study done by Kogan et al29 however, they evaluated

the setting time only for 4 hrs. Among the different experi-

mental medicaments used in the study, Biodentine has

faster setting time compared to others.43 However, the

addition of 2% CHX gel to CSC altered the ideal setting

WPC BIO WMTA CH

Coronal third

Middle third

Apical third

Figure 2 High power SEM (1000×) micrographs of a longitudinal section of the root canal retrieved from intracanal medicaments (WPC, BIO, WMTA and CH paste).

Table 8 Difference in Intercanal Medicaments Removal Between

the Different Groups Used in This Study Using SEM

Materials N Mean df Siga

Scores Measure WPC + CHX 12 18.17 3 0.087

BIO + CHX 12 26.17

WMTA + CHX 12 31.75

CH paste 12 21.92

Total 48

Note: aNKruskal–Wallis Test.
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time of the cement. Further research is needed to investi-

gate the exact chemical reaction occurring in the experi-

mental medicament.

Calcium ion release and an alkaline pH would stimulate

tissue repair and provide an antimicrobial environment. It was

also suggested that the material should have a pH of more

than 7.0, along with calcium ion release to stimulate

mineralization.44 In this study, the release of calcium ions was

assessed to check that CHX gel use does not interfere with the

dissociation of calcium ions from experimental medicaments

and also that it does not decrease pHvalues.Misra et al35 studied

the release of calcium ions and the pH of calcium hydroxide

paste when mixed with different vehicles, and found that the

calcium hydroxidewith glycerine showed a highest calcium ion

release followed by calcium hydroxide with chlorhexidine. The

methodology used in this study to analyze the calcium ion

release was similar to work done in the previous studies.45,46

All the materials analyzed presented the suitable release of

calcium in the ICP-OES analysis. The experimental medica-

ments used in this study demonstrated a reduction in calcium

ions over time and presented higher values at the initial period.

The three experimental medicaments mixed with 2% CHX gel

had an overall reduction in calcium ion release after 21 days,

except for the WMTA/CHX gel mixture which showed lower

calcium ion release than CH paste at 21 days, while CH paste

was likely to be stable during all periods. This finding is similar

to the results of other studies using the same analyzing equip-

ment without using chlorhexidine.47,48 Among the group of

experimental medicaments, BIO/CHX gel mixture showed the

highest release of calcium ions over three weeks. The results of

this study would suggest that the addition of 2% CHX gel to

CSC has no inhibitory action on calcium ion release, thus

corresponding with the results of previous studies.37 The

released calcium ions maximize alkalinizing activity and con-

sequently increase the bactericidal effect of MTA.49 It is inter-

esting to note that the effective release of calcium ions for three

weeks by all experimental medicaments tested in this study

would be sufficient to allow their use as an intracanal medica-

ment. This is based on the study by Sjögren et al50 that demon-

strated a one-week application of calcium hydroxide

medicament is sufficient to reduce the bacterial load in the

canal which was evident by negative culture.

In this study, CH paste showed the highest pH values

compared to the experimental medicaments. Its pH was

consistent until four weeks within a range of about 12.1–

12.5. This is similar to the values mentioned in the

literature.51 Among the different experimental medicaments

used in this study, BIO/CHX gel mixture showed the

highest alkalizing activity until the end of the experiment.

The current study demonstrated that all experimental med-

icaments had pH values of more than 10.5 until the end of

the study. On the other hand, the WPC/CHX gel mixture

and BIO/CHX gel mixture had a pH value of more than

11.5 until two weeks. It can be concluded that the pH values

of these experimental medicaments may not be affected by

the addition of CHX gel and could have bacteriostatic and

bactericidal properties against Enterococcus faecalis. It is

theorized that the high pH is responsible for the material’s

antimicrobial action and biological activity. This high pH is

achieved because of the constant calcium release from MTA

and Ca(OH)2 formation.49

Ideal intracanal medicaments should be easily applic-

able within the canal for proper contact within the canal

walls and be able to be retrieved from the canal with

minimal effort.52 Therefore, flowability and film thickness

were assessed to achieve these objectives. This study

showed that the flowability of the experimental medica-

ments was statistically significant compared to CH paste.

The WMTA/CHX gel mixture had better flowability

among the experimental medicaments used in this study.

This could be due to differences in the particle size and

shape of CSC. A few investigators have reported that

MTA Angelus has finer and more homogeneous particle

size compared to WPC and other types of MTA.53,54 One

study reported that some particles of MTA have a diameter

of less than 1.5 micrometers, which is smaller than the

diameter of some dentinal tubules.28 These studies were

supporting the findings of this current study; however, the

film thickness of the CH paste was similar to the experi-

mental medicaments.

It has been emphasized that intracanal medication

should be removed completely from the root canal because

its presence on the dentinal wall can interfere negatively

with the root canal obturation.55 Thus, complete removal

of the intracanal medication (calcium hydroxide) from the

root canal before root canal obturation is necessary.56 The

effect of ultrasonic agitation of the irrigants has been

evaluated and presented its efficacy in improving cleanli-

ness and removing some calcium hydroxide from straight

root canals.57 However, complete removal of the calcium

hydroxide from the root canal system could not be

achieved.55–57

Ultrasonic and rotary instrumentation without irrigates

have been shown to be ineffective in the removal of set

MTA from the root canal.58 Similarly, in our study, the

result of SEM showed that complete removal of intracanal
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medications from the root canal walls could not be

achieved. This could be attributed to the use of chlorhex-

idine which has the ability to decrease the surface micro-

hardness of a partially set MTA,59 and it is water-soluble

and can be removed from the root canal by irrigation with

distilled water.60

Saghiri et al61 suggested that by decreasing the micro-

hardness ofMTA, theMTA can be removed more easily than

hard and set cement. He demonstrated that a 37% hydrochlo-

ric acid (HCl) was an effective solution for the removal of

MTA from the canal wall due to its ability to reduce micro-

hardness of MTA. Therefore, the removal of CSC/CHX

mixture from the root canal was easier than MTA because

of the delay in the setting reaction of the cement. Regarding

the calcium hydroxide paste, the vehicle used in its prepara-

tion plays an important role where the oil-based calcium

hydroxide is more difficult to remove than powder form

calcium hydroxide mixed with distilled water.62

Conclusions
The addition of 2% CHX gel to CSC retarded or inhibited

the setting reaction and significantly improved the calcium

ion release and flowability of the experimental medica-

ments. The pH and film thickness of the experimental

medicament were in acceptable range compared to CH

paste. Among different experimental medicaments, BIO/

CHX gel mixture showed superior physical properties

compared to the others. Removal of the intracanal medica-

ments from the root canal was successfully achieved in all

groups tested in this study. Based on the initial finding,

these experimental medicaments have the potential to be

used as an enhanced root canal medicament. Further

research on this formulation (particularly biocompatibility

and antibacterial activity) is needed.
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