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Abstract 

 

Quaternary Ammonium and Nano Silver in Epoxy Resin Based Endodontic Sealer 

Juheon Seung. Masters of Science, 2017 

Dissertation Directed by: Patricia A. Tordik DMD, Endodontics Division Director, 

Endodontic Post graduate program  

 

The purpose of this study is to investigate how the addition of antibacterial materials, Di-

methylaminododecyl methacrylate (DMAHDM), and Nano-Silver (NAg) to AH Plus® 

will affect the mechanical and antibacterial properties of the sealer.  Setting time, flow, 

dimensional change and solubility were evaluated as a set of mechanical tests according 

to ANSI/ADA specifications. Direct contact test (DCT) was performed to evaluate 

antibacterial properties at day 1,7 and 14 after mixing against E.faecalis. The DCT was 

measured with optical density (OD) and colony-forming units (CFU) counts. When 

0.15%NAg and 2.5% DMAHDM was incorporated into AH Plus®, there was no 

significant difference in mechanical properties and improved antibacterial properties 

through 14 days when compared to AH Plus® alone.  This study found that up to 0.15% 

NAg and 2.5% DMAHDM can be added to AH Plus® without changing the existing 

mechanical properties of AH Plus® while incorporating long-term antibacterial 

properties. 
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Introduction 
 

Despite best efforts to disinfect the root canal system with chemo-mechanical 

debridement and intra-canal medicaments, residual bacteria have been found to persist 

with the potential to result in endodontic pathology [1-3].   With highly sensitive, culture 

independent molecular methods for detecting bacteria, it has been shown that there are 

multiple species of bacteria remaining even in previously endodontically treated teeth [2].  

In histological evaluation of root canal treated tooth with apical periodontitis, intracanal 

colonization was heavier in symptomatic failed tooth which supported the role of biofilm 

as primary cause of endodontic failure; therefore, the primary goal of endodontic 

treatment is reduction or elimination of microbes [3, 4].   

One such bacterium commonly associated with persisting periapical disease is 

Enterococcus faecalis; a gram-positive bacterium that is highly resistant to intra-canal 

irrigants and medicaments such as NaOCl and CaOH [2, 5-7].  Studies have implicated E. 

faecalis as the most prevalent and occasionally, the only species to persist in 

endodontically treated teeth.  E. faecalis has the capacity to adhere and form biofilm on 

dentin under various environmental conditions rendering the species difficult to remove 

[8].  The presence of smear layer, conditioning with saliva, and starvation have been 

shown to increase the adherence of E. faecalis to dentin [6]. The fact that intracanal 

bacteria are associated with persistent disease and that these bacteria are often found in 

treated teeth necessitates additional methods of reducing bacterial load during treatment.   

Reducing the amount of planktonic bacteria and biofilm is paramount in achieving 

predictable and favorable outcome in non-surgical endodontic therapy. 
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Often, areas of the root canal system such as isthmuses, lateral canals and other 

root canal irregularities may be left untouched during chemo-mechanical preparation [9, 

10].  In addition to sealing unfilled space between gutta-percha and the irregular walls of 

the root canal system, endodontic sealers may reach the areas previously untouched by 

endodontic instruments and act as a disinfectant that may further clean the root canal 

system.  Amongst several types of endodontic sealers, epoxy resin based sealers are 

widely used due to lack of solubility and dimensional stability in addition to its 

biocompatibility after setting [14-17].  However, sealer comparison tests have shown 

most sealers exhibit some antibacterial properties short term, but mainly before setting 

and only by contact [17, 18].  

Quaternary ammonium compounds (QA) are antibacterial materials with 2 

possible mechanisms for antibacterial activity.  First, they are positively charged 

quaternary amine that can attract the negatively charged cell membrane of bacteria and 

disrupt the membrane [19].  Additionally, QAs may exert its effect by penetrating into the 

bacterial membrane facilitated by a long hydrophobic alkyl chain which may be added to 

QA with an optimal chain length of 16 alkyl groups (Di-methylaminododecyl 

methacrylate or DMAHDM) [19].   When these quaternary ammonium compounds are 

incorporated into resin, it has been shown to maintain antibacterial properties without 

compromising the physical properties of the resin and exert contact inhibition [19-22].  

Silver (Ag) is a widely used antibacterial agent due to its low toxicity and wide 

spectrum antibacterial activity with high efficiency [25].  A suggested antimicrobial 

mechanism for Ag is its ability to inhibit the DNA replication of the bacteria [26].  When 

the size of Ag was decreased to nano-particles, the increased surface area exerts a potent 
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antibacterial effect at relatively low concentrations [26, 27].  In contrast to resin 

containing QA, resin-containing nano-silver (NAg) inhibited not only contact inhibition, 

but it also exerted its effect on bacteria away from the resin surface due to Ag ion release 

[19, 20].  While the leaching of NAg may be a favorable characteristic, over time, 

leaching will deplete the Ag concentration, and the antibacterial effect may be short 

lived.  Therefore, it is reasonable to hypothesize that QAs and NAg may complement 

each other in that QA exhibits long term, contact inhibition of bacteria by integrating into 

resin, while NAg exerts short-term antibacterial activity by contact inhibition and by 

leaching out the Ag ions away from the surface of the resin.   

Recently, there have been efforts to improve antibacterial properties of 

endodontic sealers.  Amoxicillin, chlorhexidine and cetrimide have been investigated as 

possible additives to sealers with favorable short-term results [28, 29].   While the results 

may seem promising, these antibacterial agents do not integrate with the sealer and may 

leach out; therefore, the antibacterial effects may be short lasting.  In addition, in absence 

of data confirming that these agents will not alter the favorable mechanical characteristics 

of the sealer, the modified materials may not be clinically useful.  Due to these 

shortcomings, nanotechnology in dental material has been gaining considerable attention.  

In a recent study, QA and NAg together were incorporated into resin adhesives and 

primers for their antibacterial effect [30]. Quaternary Ammonium Dimethacrylate 

(QADM) and NAg containing materials were able to show not only contact inhibition of 

bacteria, but also bacterial inhibition away from adhesive surface without changes in 

cytotoxicity [30].  Tert-Butylaminoethyl Methacrylate (TBAEMA) is a solution that 

contain reactive methacrylate groups, and can be chemically incorporated into a dental 
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resin [27].   When the Ag solution was mixed with TBAEMA, polymerization was 

accompanied with a simultaneous reduction of the silver salt and NAg was formed in-situ 

in resin.  Previous studies showed well-dispersed NAg with a mean particle size of 2.7 

nm in the cured resin and the antibacterial efficacy of NAg was dose dependant 

[30,39,46]. 

Similar technologies have been applied to endodontic sealers as well.  A study by 

Gong et al. reported that the addition of quaternary ammonium epoxy silicate to AH 

plus® added antibacterial activity against E. Faecalis in both planktonic and sessile status 

in a direct contact test [23] .  Also in a recent study, quaternary ammonium derivative 

was incorporated into AH plus® and Pulp canal sealer EWT.   Endodontic sealers with 

QA were shown to exhibit significantly higher antibacterial properties against E. faecalis 

biofilm[23, 24].  However, antibacterial efficacy when QA and NAg are incorporated 

into AH Plus® has not been investigated.  Therefore, the purpose of this study is to 1) 

determine the effect of DMAHDM and NAg in AH Plus® on setting time, flow, solubility 

and dimensional change after setting and 2) for 1,7 and 14 days, determine the 

antibacterial efficacy of DMAHDM and NAg in AH plus® against E. faecalis. 

2.  Materials and methods 

2.1 DMAHDM and NAg incorporation 
 

DMAHDM was synthesized as previously described by Li, Weir and Xu [31]. 

Briefly, QAs were made using Menschutkin reaction by the addition reaction of tertiary 

amines with organo-halides. To make a stock 10% solution of NAg, silver 2-

ethylhexanoate powder (Strem, New Buryport, MA) was dissolved in 2-(tert-

butylamino)ethyl methacrylate (TBAEMA, Sigma) at 0.01 g of silver salt per 1 g of 
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TBAEMA, following previous studies [30]. 

According to manufacturer and Material Safety Data sheets (MSDS), the Paste A 

of AH Plus® contains Bisphenol A Epoxy Resin (25-50% wt), Bisphenol F Epoxy Resin 

(2.5-10% wt), Calcium Tungstate, Zirconium Oxide, Silica and Iron Oxide Pigments.  

Paste B contains Dibenzyldiamine (2.5-10% wt), Aminoadamantane (2.5-10% wt), 

Tricyclodecanediamine, Calcium Tungstate, Zirconium oxide, Silica and Silicone oil.  In 

present study, Di-methylaminododecyl methacrylate (DMAHDM) and NAg was added to 

paste B in order to avoid setting when an amine is mixed with the epoxy resin.   

2.2 Screening for optimal concentrations of DMAHDM and NAg 
 

The concentrations screened for DMAHDM were 2.5%, 5% and 10%wt. and for 

NAg were 0.05%, 0.10% and 0.15% wt.  DMAHDM was heated in oven at 60°C to melt 

the powder into a liquid.  This liquid was added to Paste B to yield the appropriate 

concentration.  10% NAg stock solution was incorporated into Paste B to appropriate 

concentrations. 

The screening was performed by a set of mechanical tests (Flow, Setting time, 

Dimensional Change and Solubility).  The greatest concentration of DMAHDM and NAg 

that made no significant difference in mechanical properties of AH Plus® or the greatest 

concentration that met the ANSI/ADA specifications No.57 for endodontic sealing 

materials was chosen [32].  The following mechanical tests were performed for each 

concentration of DMAHDM and NAg according to ANSI/ADA specifications for 

endodontic sealing materials [32]. 

Setting time: 

Three plastic disks with an internal diameter of 10 mm and 2mm of thickness 
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were prepared.  Each mold was filled with AH Plus® (control) or AH Plus® + 

Experimental material concentrations.  The samples were transferred to a chamber with 

95% relative humidity and temperature of 37°C from the time the sealer was mixed.  A 

Gilmore type needle with a mass of 100±0.5g with flat end of 2.0±0.1mm in diameter 

was lowered vertically onto the sample.  The probing was repeated until indentations 

cease to be visible and setting times were recorded in minutes.  The setting time of the 

control (n=3) and experimental groups (n=3) were compared. 

Flow test: 

Total of 0.5mL of sealer was placed on a 60 g glass plate using a graduated 1mL 

syringe.  After 30 seconds of mixing, another 60 g glass plate was applied on top of 

material. 10 minutes after mixing, the load was removed and the average of major and 

minor diameters of compressed disc was measured using a digital caliper for comparison.  

The average diameters of control (n=3) and experimental group (n=3) were compared. 

Solubility: 

Ring molds with internal diameter of 10 mm and height of 2mm were filled on a 

glass plate with freshly mixed control sample or experimental sample.  Another glass 

plate was placed over the mold and samples will be allowed to set for 24 hours in 37°C 

temperature and 100% relative humidity.  The samples were weighed 3 times and average 

weight was recorded in mg.  Individual samples were placed in a container with 5mL of 

distilled water and stored at 37°C for 24 hours.  The samples were removed from the 

container and dried by placing them in a dehumidifier for another 24 hours, and the 

samples were weighed.  The final weight divided by the initial weight multiplied by 100 

was taken as the solubility of sealer.  The percent difference in solubility of control (n=3) 
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and experimental groups (n=3) were compared. 

Dimensional Change: 

Samples of control (n=3) and experimental groups (n=3) were made with a mold 

with a diameter of 10 mm and a height of 6 mm.  The molds were placed on a glass plate 

and filled with sealer.  Another glass plate was placed over the mold and held firmly with 

a clamp.  The samples were transferred to a cabinet with 100% relative humidity and kept 

for 30 days at 37°C.  The dimensional change was measured by assessing the volume 

change.  The measurements will be taken with a caliper and dimensional change of 

control and experimental groups were compared. 

2.3 Mechanical properties of the Modified AH Plus® 
 

The best results from screening for optimal concentration of DMAHDM and NAg 

were selected and combined together (AH Plus® +DMAHDM + NAg).  This modified 

AH Plus® was tested for its mechanical properties against AH Plus®.  Flow, setting time, 

dimensional change and solubility were tested as previously described with sample size 

of five (n=5).   

2.4 Antibacterial properties of Modified AH Plus® 
 

In our study, Enterococcus faecalis (ATCC 29212) was used from frozen stock 

cultures of brain heart infusion (BHI; Sigma-Aldrich, St.Louis MO) broth at 37◦C.  Cells 

were harvested by centrifugation and re-suspended in fresh medium.  Inoculum was 

prepared by the re-suspension of washed cells and adjusted to a density of 1 x 106 

CFU/mL by using a micro plate reader (SpectraMax, Sunnyvale CA) at 550 nm.  

Direct Contact Test: 

Direct contact test (DCT) was performed as described previously [17] at 1, 7 and 
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14 days after mixing. For each group, contact time of 5 minutes, 20 minutes and 60 

minutes were evaluated.  DCT evaluated antibacterial efficacy of following groups: 

Group 1 - No Sealer (Negative Control) (n=36) 

a. 5 minutes (n=12) 

b. 20 minutes (n=12) 

c. 60 minutes (n=12) 

Group 2 - AH Plus® (Control) (n=36) 

d. 5 minutes (n=12) 

e. 20 minutes (n=12) 

f. 60 minutes (n=12) 

Group 3 - AH Plus® + NAg (n=36) 

g. 5 minutes (n=12) 

h. 20 minutes (n=12) 

i. 60 minutes (n=12) 

Group 4 - AH Plus®+ DMAHDM (n=36) 

j. 5 minutes (n=12) 

k. 20 minutes (n=12) 

l. 60 minutes (n=12) 

Group 5 - Modified AH Plus® (AH Plus® + DMAHDM + NAg)  (n=36) 

m. 5 minutes (n=12) 

n. 20 minutes (n=12) 

o. 60 minutes (n=12) 

Briefly, a 96-well micro-titer plate (Sarstedt Inc, Newton, NC) was held 
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vertically, and an area of fixed size on the sidewall of the wells was coated with an equal 

amount of each material by using a cavity liner applicator.  The coated plates were stored 

for 1, 7 and 14 days in 100% humidity at 37°C.  A 10 μL of bacterial suspension was 

carefully placed on the surface of each sealer.  Bacterial suspensions placed on the wall 

of uncoated wells were used as negative control.  The specimen were incubated in 100% 

humidity at 37°C for 5, 20 and 60 minutes of contact time with each sealer and uncoated 

negative control.  240 μL of BHI broth was added to each well.  After gently mixing with 

a pipette for 1 minute, the optical density of the solution was measured with micro plate 

reader at 550 nm, and the bacterial suspension from each well was transferred and 

serially diluted in BHI.  Culturing aliquots of 10 μL onto BHI agar plates, after 10-fold 

serial dilutions, assessed the survival of bacteria.  After incubation for 24 hours at 37°C, 

colonies on the plates were counted, and the CFU/mL was calculated.  

2.5 Data Analysis 
 

The difference in mechanical properties of AH plus® and experimental groups 

were compared statistically by using one-way analysis of variance (ANOVA) followed 

by Tukey’s Honestly Significant Difference test (HSD). The difference in antibacterial 

properties of AH plus® and experimental groups at three different contact times were 

compared statistically using two-way analysis of variance (ANOVA) followed by 

Tukey’s Honestly Significant Difference test (HSD).  A p-value of <0.05 was used as a 

threshold for significance.  Statistical analysis was performed with the statistical software 

SPSS v. 23.0 (SPSS for Windows; SPSS Inc, Chicago, IL).  
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3. Results 

3.1 Screening for optimal concentrations of DMAHDM and NAg 
 

The averages for flow, setting time, dimensional change and solubility for control 

and experimental groups are listed in Table 1 and 2.  There was no statistically significant 

difference found in dimensional change and solubility between the control and for both 

DMAHDM and NAg at all tested concentrations. There was also no significant difference 

in setting time in all NAg concentrations. A significant decrease in setting time and 

increase in flow was found with 10% DMAHDM, but not for 2.5% and 5% DMAHDM. 

When the concentration of NAg was increased, there was a significant increase in flow 

with 0.15% NAg when compared to control (Figure 1).  However, these differences were 

within the ANSI/ADA specifications for endodontic sealing materials [32]. 

Mechanical Tests AH Plus®  DMAHDM 

2.5% 

DMAHDM 

5% 

DMAHDM 

10% 

Setting time (min) 467.33a 454.33a 440.67a 427.44b 

Flow (mm) 40.00a 32.00a 29.00a 23.00b 

Dimensional Change (%) -0.09a -0.15a 0.12a -0.16a 

Solubility (%) -0.20a -0.10a 0.00a 0.00a 

Table 1. Averages for screening for optimal concentration of DMAHDM.  Groups with 
same letter for each mechanical test are not significantly different. 
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Table 2. Averages for screening for optimal concentration of NAg.  Groups with same 
letter for each mechanical test are not significantly different.  
 
 
 

 

Figure. 1 shows the average diameters from the flow test on different concentrations of 
NAg and DMAHDM with standard deviation.  Asterisk denotes the group that is 
significantly different than the control AH Plus®  
 
 

3.2 Mechanical properties of the Modified AH Plus® 

 
From the screening results, 2.5% DMAHDM and 0.15% NAg were selected to be 
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evaluated for the mechanical properties of modified AH Plus® (AH Plus® + DMAHDM + 

NAg). The averages for flow, setting time, dimensional change and solubility for control 

and modified AH Plus® are listed in Table 3.  There was no significant differences found 

between control and modified AH Plus® for setting time, dimensional change and 

solubility.  There was a significant decrease in flow between the control and modified 

AH Plus®; however, the difference was within the ANSI/ADA specifications  

for endodontic sealing materials [32] 

Table 3 – Mechanical tests for AH Plus® and Modified AH Plus® (AH Plus®,+ NAg + 
DMAHDM).  N is the number of samples.  Std Dev (Standard deviation) and F and P 
values from the one-way ANOVA analysis. Asterisk denotes the comparison that is 
significantly different than the AH Plus® 

 

3.3 Results for Antibacterial properties of Modified AH Plus® 
 
Day 1 

3 plates from each group were lost to contamination resulting in 33 samples in all 

groups.  Negative control set was lost to contamination for Day 1.  The mean value and 

standard deviation for control and experimental groups are listed on Table 4.  The 

CFU/mL was significantly lower in the experimental groups (Groups 3,4,5) than the 

Mechanical 
Test Materials N Mean Std. Dev F P 
Flow (mm) AH Plus® 5	 39.20	 0.84	 39.30	 0.0005*	
  Modified 5	 36.40	 0.55	

	
		

Setting Time 
(min) AH Plus® 5	 456.60	 17.07	 0.47	 0.5130	
  Modified 5	 450.20	 12.05	 		 		
Dimensional 
Change (%) AH Plus® 5	 -0.29	 0.43	 1.32	 0.2700	
  Modified 5	 -0.80	 0.95	 		 		
Solubility 
(%) AH Plus® 5	 -0.25	 0.23	 1.78	 0.2190	

 
Modified 5	 -0.85	 0.99	
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control (Group 2), but there were no significant differences in CFU/mL in-between 

experimental groups on day 1.  

Material  N Mean 

(CFU/mL) 

Std. Dev 

(CFU/mL) 

F P 

2. AH Plus® (a) 33 4.76E+04 4.17E+04 149.59 0.0005* 

3. AH Plus® + NAg (b) 33 5.35E+03 3.69E+03    

4. AH Plus® + DMAHDM (b) 33 1.69E+03 2.38E+03     

5. AH Plus® + NAg + 
DMAHDM (b) 

33 1.78E+02 3.96E+02     

Table 4 Antibacterial test for Day 1.  N is the number of samples.  Std Dev (Standard 
deviation) and F and P values from the one-way ANOVA analysis. Asterisk denotes 
significant difference. 
 

For day 1 contact time, results are listed on Table 5 and Figure 2.  There was no 

difference between 5, 20 and 60 minutes of contact time for groups 3 and 4.  At 20 and 

60 minutes of contact time in group 2, there was significantly more CFU/mL when 

compared to 5 minutes of contact time with E. faecalis.  At 20 minutes of contact time in 

Group 5, there were no CFUs detected. 

Contact Time 5 Minutes 20 Minutes 60 Minutes 

2. AH Plus® (CFU/mL) 8.37E+02a 6.93E+04b 7.83E+04b 

3. AH Plus® + NAg  6.2E+03c 5.83E+03c 1.20E+03c 

4. AH Plus® + DMAHDM   2.7E+03d 1.73E+03d 3.28E+02d 

5. AH Plus® + NAg + DMAHDM  1.9E+02e 0.00E+00f 4.00E+02e 

Table 5 Day 1 Results for contact time for each materials group. Groups with same letter 
are not significantly different. Units are in CFU/mL 
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Figure 2 shows that contact time for each of the materials used in Day 1. 
 
 
 

 
Day 7 

9 plates from NAg group were lost to contamination resulting in 27 samples. The 

mean value and standard deviation for control and experimental groups are listed on 

Table 7.  For Day 7, negative control had the most amount of CFU/mL, which was 

significantly higher than the control.  Group 3 was not significantly different than the 

control.  Both the groups 4 and 5 had significantly lower CFU/mL than Groups 1,2 and 3.  
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Material  N Mean 

(CFU/mL) 

Std. Dev 

(CFU/mL) 

F P 

1. Neg Control (a) 36 1.10E+05 5.30E+04 77.78 0.0005* 

2. AH Plus® (b) 36 8.88E+04 2.82E+04     

3. AH Plus® + NAg (b) 27 7.27E+04 5.93E+04    

4. AH Plus® + DMAHDM (c) 36 2.02E+02 4.53E+02     

5. AH Plus® + NAg + 
DMAHDM (c) 

36 1.90E+02 4.23E+02     

Table 6 Antibacterial test for Day 7.  N is the number of samples.  Std Dev (Standard 
deviation) and F and P values from the one-way ANOVA analysis. Asterisk denotes 
significant difference. 
 
 

Contact time results for Day 7 are presented on Table 7 and Figure 3.  There were 

no significant difference between the 3 contact times for Groups 1 and 2.  20-minute 

samples for Group 3 group showed a significantly lower CFU/mL at 1.20E+04 CFU/mL 

and 1.0E+05 CFU/mL for 5 minute and 60 minutes respectively. In Groups 4 and 5, there 

was significant reduction of CFUs at 20 minutes of contact time.   

 

Table 7. Day 7 Results for contact time for each materials group. Groups with same letter 
are not significantly different. Units are in CFU/mL 

Contact Time 5 Minutes 20 Minutes 60 Minutes 

1. Neg Control 7.13E+04a 1.20E+05a 7.57E+04a 

2. AH Plus® 1.20E+05b 7.30E+04b 1.41E+05b 

3. AH Plus® + NAg 1.14E+05c 1.20E+04d 1.0E+05c 

4. AH Plus® + 
DMAHDM 

3.00E+02e 5.33E+00f 3.00E+02e 

5. AH Plus® + NAg + 
DMAHDM 

5.58E+04g 0.00E+00h 0.00E+00h 
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Figure 3 shows that contact time for each of the materials used in Day 7. 
 

Day 14 

3 plates were lost to contamination in Groups 1 and 2. 12 and 6 plates were lost to 

contamination in groups 4 and 5 respectively. The mean value and standard deviation for 

control and experimental groups are listed on Table 8.  For Day 14, the control, negative 

control and group 3 had the most amount of CFU/mL and there was no significant 

difference between these groups. Groups 4 and 5 have significantly less CFU/mL than the 

other three groups.  Groups 4 and 5 had no CFU detected in our samples on day 14. 
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Material 

 

N Mean 

(CFU/mL) 

Std. Dev 

(CFU/mL) 

F P 

1. Neg Control (a) 33 9.06E+05 4.88E+05 70.70 0.0005* 

2. AH Plus® (a) 33 8.98E+05 5.02E+05     

3. AH Plus® + NAg (a) 36 5.25E+05 5.80E+05    

4. AH Plus® + DMAHDM (b) 24 0.00E+00 0.00E+00     

5. AH Plus® + NAg + 
DMAHDM (b) 

30 0.00E+00 0.00E+00     

Table 8 Antibacterial test for Day 14.  N is the number of samples.  Std Dev (Standard 
deviation) and F and P values from the one-way ANOVA analysis. Asterisk denotes 
significant difference. 
 

Contact time at day 14 results is listed on Table 9 and Figure 4.  At day 14, there 

was no significant difference in contact times for all groups tested except for Group 3.  20 

minutes of contact time in group 3 had higher CFU/mL than 5 and 60 minutes.  

Contact Time 5 Minutes 20 Minutes 60 Minutes 

1. Neg Control  9.13E+05a 6.55E+05a 1.20E+06a 

2. AH Plus® 1.20E+06b 3.91E+05b 1.20E+06b 

3. AH Plus® + NAg 3.48E+05c 1.20E+06c 2.6E+04e 

4. AH Plus® + 
DMAHDM 

0.00E+00f 0.00E+00f 0.00E+00f 

5. AH Plus® + NAg + 
DMAHDM 

0.00E+00g 0.00E+00g 0.00E+00g 

Table 9 Day 14 Results for contact time for each materials group. Groups with same 
letter are significantly different. Units are in CFU/mL 
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Figure 4 shows that contact time for each of the materials used in Day 14. 

4. Discussion 
  

The present study developed an antibacterial endodontic sealer by incorporating 

DMAHDM and NAg into AH Plus®. We investigated the effects of this addition on flow, 

setting time, dimensional change, solubility and antibacterial efficacy.  Previous studies 

have shown that when QA and NAg were incorporated into resin adhesives and primers, 

the modified material became antibacterial while not affecting cytotoxicity of the dental 

resin [30].  The modified AH Plus® was tested against E. faecalis, which has been shown 

to be prevalent and occasionally, the only species to persist in endodontically treated 

teeth [8].  Most sealers including AH Plus® have limited antibacterial properties after 

setting [17,18].   

NAg was incorporated into AH Plus® by suspending silver 2-ethylhexanoate 

powder in TBAEMA; however, this methacrylate will not polymerize with the epoxy 

resin in AH Plus®.  DMAHDM also doesn’t polymerize with epoxy; therefore, when 
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these materials were incorporated into AH Plus®, it is expected that it will be locked 

mechanically in epoxy resin matrix rather than chemically polymerized.  Although not 

ideal, the mechanically locked NAg and DMAHDM performed well in the mechanical 

tests of flow, setting time, dimensional change and solubility in addition to long-term 

antibacterial tests (14 days).  

In the first phase of this study, the various concentrations of DMAHDM and NAg 

were tested for subsequent experiments.  The highest concentration of each material that 

made no significant difference in mechanical properties with AH Plus® was selected.  If 

there was a significant difference, but the difference was within the ANSI/ADA 

specification for endodontic sealing materials, it was decided that it was appropriate to 

use [32].  NAg group at 0.15% had significantly greater flow diameter than that of the 

control, however, this was within the specifications.  All other mechanical tests results at 

all concentrations of NAg were not significantly different than AH Plus®, therefore, 

0.15% NAg was selected for subsequent tests.  For DMAHDM at 10%, the setting time 

was significantly shortened and outside of the ANSI/ADA specifications; therefore, 10% 

DMAHDM was excluded from consideration.  Mechanical properties of 5% DMAHDM 

was acceptable, however, due to the difficulty in handling and homogenous spatulation, 

2.5% DMAHDM was selected for combined mechanical tests and antibacterial analysis.  

  When 2.5% DMAHDM and 0.15% NAg were incorporated to AH Plus®, flow 

was significantly affected.  Again, this difference was within the specifications and the 

results were acceptable given that setting time, dimensional change and solubility were 

not significantly affected by adding these materials.    

DCT is a reproducible method that quantitatively tests the antibacterial effects of 
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a material [17]. Kayaoglu et al. reported that AH Plus® possessed antibacterial activity 

before setting and minimal antibacterial activity remained after set [18].  Our study found 

similar results where the antibacterial activity of AH Plus® was not significantly different 

than negative control group (no sealer) at 14 days after setting.  There was a statistically 

significant difference between AH Plus® and negative control at day 7, but this difference 

was less than 1 log reduction, and may not be clinically important.  The initial 

antibacterial activity before setting is related to formaldehyde release during the 

polymerization process of the sealer, and when the setting process is completed, 

formaldehyde is no longer released [33].   

It was decided that the optical density (OD) measurements will not be analyzed to 

evaluate the antibacterial effects of modified AH Plus® since the turbidmetric method 

only allows for detecting the bacteriostatic effect [17].  OD measurement would measure 

every particle in a solution, which will include both dead and alive bacteria.  This 

information is not useful for the purposes of this study and in clinical situations, the 

bacteriostatic effect may not be as important as the bactericidal effects since the surviving 

bacteria has the potential to re-populate the root canal space [17].  Observing the CFU 

counts shows the bactericidal effects of the sealer and this method of evaluation was used 

for this study. 

On Day 1, it was found that all experimental groups including NAg were 

significantly more effective against E.faecalis than AH Plus®. Unfortunately, Negative 

control was lost to contamination and AH Plus® could not be compared to negative 

control.  Although not statistically significant, there was a trend for the modified AH 

Plus® (AH Plus®+ NAg + DMAHDM) being more efficacious than when the 
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experimental materials were added individually.  Results appear to show an additive 

antibacterial efficacy when NAg and DMAHDM were added on day 1.  In terms of 

contact time, there was no difference between 5, 20 and 60 minutes of contact time in 

NAg and DMAHDM.  The combined group at 20 minutes had no colonies present on any 

samples for the most potent antibacterial effect.  

On Day 7, it was found that there was a significant difference between negative 

control and control but this difference was less than 1 log reduction in bacteria.  As 

previously discussed, 1 log reduction may not be clinically important. The NAg group 

started to lose its antibacterial efficacy compared to DMAHDM and the combined group.  

This was expected due to the low concentration of NAg added and NAg ions were 

expected to leach out from the sealer.  This leaching action of NAg could be an 

advantage in a root canal system where the leaching silver ions could further disinfect the 

previously untouched areas of a complex root canal system.  The DMAHDM and the 

combined group continued to be significantly more effective against E. faecalis at day 7.  

The additive antibacterial activity of DMAHDM and NAg was not seen on day 7 and 

most of antibacterial activity of the combined group appears to be coming from 

DMAHDM alone.  In terms of contact time on day 7, the combined group required 

similar contact time to have its maximum effect as Day 1 (20 minutes).  NAg again 

showed interesting results in that the 20-minute samples were significantly more 

antibacterial than the 5 and 60-minute contact time.  This may be due to the unpredictable 

of the rate in at which the NAg ions will leach out.  Moreover, the uniformity of the NAg 

in the sealer may affect the result.  Since only 0.15% of NAg was added, some surface of 

the sealer may not have same concentration of NAg than others due to lack of 
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homogeneity of the sealer, resulting in wide range of results for days 1 and 7. 

Day 14 showed similar results to day 7 where the NAg group continued to lose its 

antibacterial efficacy, and the combined group continued to maintain is antibacterial 

properties.  Contact time at day 14 was also similar in that NAg was results were 

irregular, whereas control and negative control did not show any difference as a result of 

contact time as expected. Unlike days 1 and 7, DMAHDM and the combined groups only 

required 5 minutes of contact time for maximum effect. 

The overall antibacterial efficacy of each of the experimental material is 

illustrated in Figure 5.  There was no significant difference between the negative control 

and control over 14 days confirming previous findings that AH Plus® posses minimal 

antibacterial activity after setting against E.faecalis [18]. NAg presented a strong 

antibacterial effect at day 1 but lost must of its antibacterial effect by Day 7 and even less 

by day 14.  Presumably, the Ag ions leaching out from the sealer is responsible for the 

loss of its antibacterial effect.  DMAHDM and the combination groups exhibited a potent 

antibacterial activity from day 1 and maintained its effect through days 7 and 14.  This is 

compelling evidence that while NAg may lose its antibacterial action over time, but 

DMAHDM is able to stay integrated in the resin matrix and maintain the antibacterial 

activity that may further disinfect the root canal space or prevent future bacterial 

invasion.  It is expected that this combination of materials will maintain it’s antibacterial 

properties for up to a year according to a study that tested DMAHDM and NAg in 

composite [35].  In this study, the modified composite was water aged for 12 months and 

there was no loss of antibacterial property against a poly-microbial biofilm [35].   

It is important to note that more attention should be given to the overall 
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antibacterial efficacy of the materials rather than the contact time since endodontic 

sealing material will permanently stay in the root canal system and contact time may not 

be important variable. 

 

Figure 5 Illustrates the antibacterial activity of AH Plus®, AH Plus® containing nano-
silver (NAg), DMAHDM, and AH Plus® with both NAg and DMAHDM over 14 days 
following setting.  
 

Limitations 

Limitations of this study may result from spatulation of the sealer.  In order to 

simulate clinical situations, the 2 components of AH Plus® were spatulated with NAg and 

DMAHDM.  However homogeneity within a sample and homogeneity in-between 

samples may be of concern.  Especially at low concentrations, uneven mixture could 

result in uneven amounts of NAg in the samples that may results in irregular results. 

Another limitation may be DCT used in this study.  In DCT, microbrush is used to 

apply equal amount of samples in the 96-well micro-plates. This amount is not 

standardized; therefore, there could be variable amount of sealer in each well.  Although 

this variation is small, the lack of standardization could affect the outcome. 
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Another limitation of this study is that planktonic E. faecalis doesn’t reflect the 

complex poly-microbial biofilm of an infected root canal space [34].  Moreover, the 

dentin has a buffering effect, which may protect the bacteria from antimicrobial agents 

and antibacterial materials may behave differently when tested on dentin [34].  Future 

studies should test this modified AH Plus® against poly-microbial biofilm on dentin. 

5. Conclusions 
 

Under the conditions of this study, 2.5% DMAHDM and 0.15% NAg were 

incorporated into AH Plus® without adversely affecting the mechanical properties of the 

sealer.  At these concentrations, the modified AH Plus® was able to sustain the potent 

antibacterial activity up to 14 days.  This modified AH Plus® required 5 – 20 minutes of 

contact time with E. faecalis for maximum efficacy.  The long-term antibacterial property 

of this sealer could further disinfect the root canal space and resist reinfection of the root 

canal space.  
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