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Anti‑microbial efficiency of silver diamine fluoride as an endodontic 
medicament – An ex vivo study
Vinod B. Mathew, Koppolu Madhusudhana, Nuvulla Sivakumar1, Thangala Venugopal, Redderu K. Reddy

Abstract
Context: Antisepsis achieved through appropriate use of irrigants is essential for endodontic success. Identification of newer 
anti‑bacterial agents gives alternatives to clean the canal as eradication of the infection prior to obturation does affect prognosis. 
Objective: Comparison of the anti‑bacterial action of 3.8% silver diamine fluoride and 2% chlorhexidine gluconate against 
Enterococcus faecalis in root canals. Materials and Methods: Forty‑four single‑rooted teeth were decoronated, and the root 
section was enlarged with peeso‑reamer (No: 3) to standardize length and diameter. The samples were then autoclaved and 
divided into two study groups and two control groups. Enterococcus faecalis ATCC 29212 was inoculated into all test samples 
for 72 hours. The samples were enlarged with peeso‑reamer (No: 5) after placement of respective medicament for 24 hours. 
Shavings were collected and inoculated on Brain Heart Infusion agar for 24 hrs to measure the colony forming units. Results: 
Both 3.8% silver diamine fluoride and 2% chlorhexidine showed a superior capacity to sterilize the root canals than control groups. 
Conclusion: The use of silver diamine fluoride as an endodontic irrigant is feasible as it can effectively remove the microbes 
present in the canal and circumpulpal dentin.
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Introduction

With the growing popularity of single visit endodontics, 
the need of the hour is for anti‑bacterial agents that have 
high effectiveness to remove and prevent any re‑growth of 
micro‑organisms. The plethora of contemporary chemicals 
used for cleaning root canals includes calcium hydroxide, 
chlorhexidine, phenolic derivatives, iodine‑potassium iodide, 
and sodium hypochlorite.[1] However, Enterococcus faecalis 
(E.  faecalis), a dentinophillic anaerobe, that is commonly 
associated with failed root canal treatments and recurrent 
endodontic infection, has shown resistance against most of 
these medicaments, especially calcium hydroxide.[2,3] Thus, 
newer medicaments are required to eliminate the endodontic 
microflora more effectively.

Silver has been around in dentistry since its inception. It has 
shown good anti‑bacterial properties and is used in several 
areas for disinfection and sterilization.[4‑8] Silver diamine 
fluoride (SDF) is an anti‑cariogenic agent, which is deemed 
to be very effective, especially in pediatric dentistry.[9,10] It 
has also been used as an adjuvant in endodontic preparation 
using lasers.[11,12]

Materials and Methods

Forty‑four freshly extracted single‑rooted teeth were 
collected for the study. The teeth were decoronated at 
cemento‑enamel junction. Teeth with apices larger than tip 
of 15 size K file were replaced. The teeth were sectioned 
at the apical end to standardize the root canal length at 
12 mm from cemento‑enamel junction. Root canals of all 
the samples were enlarged with peeso‑reamers (No:3) along 
with 3% sodium hypochlorite and RC Prep™ (premier USA) 
containing 15% ethylene diamine tetra acetic acid (EDTA). 
This resulted in cylindrical samples of the root canal with an 
inner diameter of 1.1 mm and length of 12 mm. The samples 
were thoroughly washed with 0.9% saline, dried with paper 
points, and coated with varnish on the outer surface. Apical 
end was sealed with Cavit G™ (3M ESPE Germany) and stored 
for 24 hours prior to autoclaving.

A standardized suspension of E. faecalis (Mc Farland’s Standard) 
was prepared by sub‑culturing American Type Cell Culture 
(ATCC) strain 29212 in Brain Heat Infusion (BHI) broth. All 
samples except 2 that were used as negative control were 
individually immersed in 5 milliliters BHI broth containing 
1 milliliter of bacterial suspension. The 42 inoculated teeth 
were stored at 37°C and 100% humidity for 72 hours to ensure 
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growth of E. faecalis. Forty of these teeth were randomly divided 
into 2 study groups (A and B), the remaining 2 teeth were kept 
as positive control to ensure viability of the organism. [Table 1]

After placement of medicament, the samples were stored for 
24 hours at 37°C and 100% humidity. The medicaments were 
then washed out with sterile saline. A size 5 peeso‑reamer 
(diameter 1.5 mm) was used with 0.9% saline at slow speed to 
collect shavings from the root canal surface and circumpulpal 
dentin. These were then inoculated on BHI agar, and the 
colony‑forming units (CFU) were counted after 24 hours.

Result

Culture results from all samples in the test groups A and B 
showed no colony‑forming units at 24 hours. The positive 
control group showed mean count of 3.8 × 107 CFU, and 
negative control showed no growth at 24 hours. [Figure 1] 
The descriptive statistical analysis showed that the two 
medicaments tested are far superior to the control group. 
However, since both study groups showed absolutely no 
growth of E. faecalis, inference statistics was not required.

Discussion

Proficient use of anti‑microbials to sterilize the root canal 
system is a key step to achieve success in contemporary 

endodontic practice. The rationale is to remove the focus 
of infection from the radicular system and to ensure 
aseptic conditions prior to and post‑obturation.[1,13,14] The 
anti‑microbial agents available for use both as irrigants 
and medicaments do not always achieve and maintain 
sterilization. E. faecalis is a major pathogen associated with 
chronic recurrent periapical infection and failed endodontic 
therapy.[15] The ability of this organism to survive is attributed 
to its resistance against common medicaments like calcium 
hydroxide and dentinophillic nature, which allows it to 
permeate up to 400  microns into the dentinal tubules, 
proliferate, and re‑colonize the root canal system leading to 
failure.[2,3,15]

Silver diamine fluoride (SDF) is an effective anti‑cariogenic 
agent with high fluoride release and capacity to both 
re‑mineralize the tooth surface and increase its surface 
hardness.[10,11] It has been proposed as a safe, successful, and 
reasonable caries‑preventive agent that meets the criteria of 
World Health Organization’s Millennium goals.[16] However, 
its anti‑bacterial effect against endodontic pathogens has not 
been explored significantly. Noriko et al. in 2010[17] studied 
the effect of 3.8% SDF and sodium hypochlorite on in vitro 
E. faecalis biofilm. They reported 100% efficiency of 3.8% SDF 
against E. faecalis after a direct 60‑minute exposure.

This study compared 3.8% SDF and 2% chlorhexidine gluconate 
(CHX) as intra‑canal medicaments in root canals. 2% CHX is 
used as both an intra‑canal irrigant and medicament that 
effectively eradicates endodontic microflora.[18] It is considered 
as a gold standard among root canal medicaments and shows 
complete eradication of E. faecalis in the root canal.[19,20]

Cylindrical sections of root canals were prepared from coronal 
and mid portions of the root for symmetry. Apical third often 
show variations in canal orientation and morphology such 
that uniformity among the samples would be difficult to 
achieve. The canals were prepared with a size 3 peeso‑reamer 
in order to enlarge the canal adequately to facilitate both 
initial growth and penetration of bacteria.

The samples were immersed in standardized suspensions of 
E. faecalis for 72 hours to ensure good growth and penetration 
of bacterial biofilm on the root canal surface and into the 
canals. A size 5 peeso‑reamer was used to collect the dentinal 
shaving so as to remove 400 microns of circumpulpal dentin. 
This helps to assess that the tested medicaments not only 
have action in the canal but also penetrate into the dentinal 
tubules. The evaluation of CFU count from the inoculated 
debris is an expression of the amount of viable bacteria 
retrieved from the canal, and this can accurately be used to 
compare the efficiency of the medicaments.[21]

The results of the study showed that SDF is as effective as 
2%  CHX in removing E.  faecalis from infected root canals. 
Silver interacts with the sulphydryl and thiol groups present 

Table 1: Grouping of the samples for the study

Group No Description

Group A (3.8% SDF) 20 3.8% SDF was placed for 24 hours. 
(A 1:10 dilution of commercial 
38% product with distilled water). 
Saforide™, J Morita Corporation, 
Osaka, Japan.

Group B (2% CHX) 20 2% chlorhexidine digulconate 
(CHX) solution was placed for 
24 hours. Dentochlor™, Ammdent, 
Mohali, India.

Group C (Positive 
control)

2 0.9% sterile saline was placed for 
24 hours.

Group D (Negative 
control)

2 No E. faecalis was inoculated, only 
0.9% sterile saline was placed.

Figure 1: Mean colony forming unit count (× 107) after 24 hours
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in the bacterial amino acids and nucleic acids.[22,23] This 
inhibits cell division, cellular respiration, metabolism, and 
biofilm formation. Several investigators have studied the 
cellular mechanisms that are affected by silver, thus proving 
its effectiveness as an anti‑bacterial agent.[4,5,24‑26]

The advantage of SDF over 2% CHX is that in addition to 
having similar anti‑bacterial properties, the interaction of 
SDF to teeth results in synergistic formation of fluorapatite. [16] 
The amount of fluoride release is double of that seen with 
other fluoridating agents.[27,28] This adds to the anti‑bacterial 
activity and may result in increased longevity and help prevent 
re‑infection in the root canal. The absorption of SDF into 
dentin also ensures that the dentinophillic bacteria in the 
circumpulpal dentin are also killed.[17,26] Increase in the surface 
hardness, decrease in permeability, and increase in fracture 
resistance of the root canal has all been seen when SDF was 
initially used as an adjuvant along with lasers in endodontic 
preparation as it can protect the root dentin from damage 
due to laser.[11,12,27,28]

Conclusion

This study proves the effectiveness of 3.8% SDF as an 
intra‑canal medicament against E. faecalis. It shows similar 
anti‑microbial activity as 2% CHX. Thus, it can be considered 
as an alternative medicament to achieve and maintain the 
sterilization of the root canal and to increase success of root 
canal treatment.

The mechanical advantages of the use of SDF as an intra‑canal 
medicament and its further action to prevent re‑infection 
of the root canal by preventing biofilm formation and 
proliferation has to be the focus of future research in this 
field.
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