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Evaluation of antimicrobial effect of root canal sealers
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ENDODONTICS

INTRODUCTION

The main aim of root canal treatment is to elimi-
nate microorganisms from the root canal system and to
prevent reinfection.1,2 To achieve this goal, combina-
tion of chemical and mechanical cleaning and shaping
techniques are used. Those are followed by filling of the
canal system with appropriate filling material and
proper sealer. With all the advances in endodontic
techniques, we still lack a perfect system that can
render complete eradication of microorganism from
the root canal system. Dalton et al (1998) compared
endodontic rotary files preparation to manual step
back technique. Their findings showed that none of the
two systems resulted in bacteria free canals.3 Several
other studies have shown the presence of microorgan-
ism even after a comprehensive chemo-mechanical
preparation of a complex root canal system.4-8

Gutta-percha is still the material of choice to fill root
canals even though it has poor sealing ability and lacks
adequate antibacterial properties, which necessitates
the use of an endodontic sealer. To prevent bacterial
growth, ideally, obturation materials and sealers should
have antimicrobial properties.9 Later on, bactericidal or
bacteriostatic activity of root canal sealers became one

of the ideal requirements which were established by
Grossman.10 Many investigators have reported that
endodontic sealers possess antimicrobial effect.11-13 Many
authors have suggested filling the root canal system
using a sealer with bactericidal effect, which is expected
to eradicate the remaining microorganisms and over-
come persistent residual infection.12 Theoretically this
would improve the outcome of treatment, yet we lack
randomized clinical studies, or animal studies, evaluat-
ing the antimicrobial effect of sealers on the prognosis of
root canal treatments.

Many studies have reported on the antimicrobial
activity of root canal sealers, but different techniques
and methods have been used for testing single cements
or comparing multiple ones.14,15 There is no single and
updated review comparing techniques used for testing
the antimicrobial effect of root canal sealers, therefore
the aim of this paper is to review techniques used to
test antimicrobial effect of endodontic sealers and to
highlight the strengths and weaknesses of tests used.

1- Agar Diffusion Inhibitory Test

The Agar Diffusion Inhibitory Test (ADT), or Lawn’s
technique has been used for long time as the standard
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ABSTRACT

Endodontic sealers are used to fill the irregularities of root canals and to overcome the poor
sealing ability of core root canal filling materials. Some sealers possess antibacterial effect and may
eliminate microorganism left in the root canal system after completed cleaning and shaping
procedures. Many studies have reported the antimicrobial activity of root canal sealers, but different
techniques and methodologies have been used. The aim of this review is to review three of the most
common techniques used for testing the antimicrobial effect of endodontic sealers. The Agar Diffusion
Inhibitory Test, until recently, has been considered the standard method. It has some limitations and
the examiner needs to consider and control many variables such as molecular weight of the material,
temperature of the medium and the solubility of the endodontic sealer. The Direct Contact Test is able
to measure the antimicrobial effect regardless of the solubility and the diffusability of the antimicrobial
components of the sealers. A third technique is used to evaluate the disinfection of dentinal tubules
using different root canal sealers. It is called Dentinal Tubule Penetration Effect. Reproducibility,
functionality, reliability and simplicity are important requirements for better assessment of the
antimicrobial effect of endodontic sealers. According to the recently published literature, Direct
Contact Test appears to be the most reliable and is mostly used for evaluating the antimicrobial effect
of endodontic sealers. For more accurate results it has been suggested to utilize more than one
technique when evaluating the antimicrobial effect of root canal sealers.
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test for antibacterial activity of dental materials.16 To
test the antimicrobial effect of setting materials includ-
ing root canal sealers, fixed diameter wells are pre-
pared in an agar plate. A suspension of bacteria of
choice is placed onto the surfaces of blood agar plates.
Small wells are cut out of the agar plate, which are then
filled with the sealer of choice. The zone of inhibition
is measured as an indication of the antibacterial effect
of that sealer. Grossman in 1980 tested eleven different
root canal sealers within aerobic conditions. He used
human saliva or Bacillus Subtilis and showed that Zinc
Oxide Cement containing formaldehyde reported the
largest inhibition zone after 24 hours of incubation.17

Ten days after incubation there was no differences
between the sealers. A variation of this technique is
placement of absorbent paper points mixed with the
sealer of choice on the agar plate instead of using
wells.18 It’s noteworthy to mention the difficulty in
comparing the results of various studies using Agar
Diffusion Inhibitory Test due to the usage of different
strains and different growth media. This has been
emphasized in a literature review focusing on the
antibacterial properties of dental materials.19 The ADT
lacks the ability to test and compare the viability of
microorganisms used. Inability to distinguish between
bacteriostatic and bactericidal effect of the root canal
sealer material, is another drawback of this method. In
addition, ADT requires the control and standardization
of many factors to be able to obtain accurate results.
Barry in 1976, discussed the most important variables
and dynamics affecting Agar Diffusion Inhibitory Test
results.20 The author stated that the contact of the
materials tested and the surrounding gel is important.
Secondly, the molecular weight of the antimicrobial
material tested should be of size and shape small
enough to pass through a gel medium. It is important
to mention that the diffusion rate of the antimicrobial
agent in the tested material depends on many vari-
ables: A) charge and concentration of the antimicrobial
agent in the medium, B) viscosity of the agar gel, C)
temperature and ionic concentration of the material
tested.16,19,20 Another important factor is time, which
has to be sufficient for the antimicrobial agent to
diffuse into the agar before a specific density of the
microorganisms is reached. The zone of inhibition can
be measured as soon as the microorganisms begin to
multiply. To be able to produce reliable and reproduc-
ible results we need to control the inoculum density.20

The Agar medium type is as important as all the
previously mentioned critical factors. It has a major
role in the discrepancy between the investigations
done using same root canal sealer and different media.
If an investigator is using an agar medium that pro-
motes slow growth this may lead to false reading of
antimicrobial effect. While the microorganisms are
slowly growing, the antibacterial agent has more diffu-

sion time, thus a bigger zone of inhibition will form.14

Investigators should pay attention to the volume of the
agar medium which should be similar between differ-
ent plates. The thickness of the agar should be enough
to allow smooth diffusion of the antimicrobial agent to
the medium, too large or too little volume will result in
false negative or false positive readings.20 Many re-
searchers have neglected this important point and
failed to mention this in their methodology. Some
studies have used 5mm thickness.11,21 But it has previ-
ously been reported that the optimal thickness of the
agar medium is 4mm.14,20,22

It is critical to control the temperature of the plates
when using the ADT technique, not fulfilling this
condition will lead to variation in the results and
inability to reproduce the results or to compare them
to other experiments. Cooper et al 1952, reported that
any delay in raising of the temperature of the plate will
effectively slow the growth of organisms and produce
larger inhibition zones than optimum condition. The
commonly used temperature with Agar Diffusion Test
is 37°C. Size and number of specimens per plate can
also be a critical variable during the use of this tech-
nique.

Solubility of the tested material is another critical
factor that may affect the ADT inhibition zone. Soluble
materials work well with the ADT.23,24 But, when
testing a low water soluble and low diffusible material
like calcium hydroxide, the ADT may result in false
negative results. On the contrary, a material that
results in dramatic inhibition of the ADT may fail as a
permanent dental restoration. Due to its solubility
sensitivity, it was suggested that ADT may be a better
technique for testing materials indicated for tempo-
rary treatments or inter-appointment medications.
Despite all the mentioned factors and limitations of the
ADT, this technique is still being used.25,26

Scientists have come up with alternative tech-
niques to overcome the limitations encountered by
the ADT, such as: Direct Contact Test (DCT), Dentinal
Tubule Penetrating Effect, Dilution in Broth15,
Survival Time.27,28 Modification Cavity method.29

The DCT and Dentinal Tubule Penetrating Effect
techniques are most commonly used and will be dis-
cussed in detail.

2- Direct Contact Test (DCT)

In the mid-nineties a new technique was intro-
duced to overcome the disadvantages of ADT and was
named Direct Contact Test (DCT) for antimicrobial
evaluation of different materials.25 The DCT aims to
test the antibacterial effect when there is direct contact
between the tested material and the target material
and the target microorganism. One of the advantages
of this technique is the ability to measure the antimi-
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crobial effect regardless of the solubility and the
diffusability of the antimicrobial components of the
sealers. The DCT has been shown to work well with
less water-soluble materials. Therefore, the DCT proved
to be better method to test the antibacterial effect of
calcium hydroxide sealers.30

As shown in Figure 1, the DCT is based on measur-
ing the turbidity of material growth by means of
microtiter plates. A temperature controlled spectro-
photometer is used and each well is read every 30
minutes. To guarantee a homogeneous bacterial cell
suspension, auto mixing of the well content is done
routinely. The micro plate is held vertically and the
tested material must be applied to the well carefully to
avoid touching the floor of the well which will lead to
false positive results. Afterward, the bacteria mixture
is added to the site. After a certain incubation time,
bacterial growth can be monitored.

The Direct Contact Test relies on the direct and
close contact between the tested material and test
microorganism, it is virtually independent of the diffu-
sion properties of both the tested material and the
media. DCT has been recommended for the evaluation
of restorative material and endodontic sealers.25 Not
being affected by the inoculum size, the results of DCT
are more quantitative and reproducible when com-
pared to those of the ADT. A temperature controlled
spectrophotometer is used to control the temperature
in DCT. Moreover, the DCT is able to monitor the
growth of test microorganism in the presence or ab-
sence of the tested sealer. Studying the bacterial
growth in presence of tested material will allow study-
ing of both the direct contact effect and the effect of
those particles tested while diffusing into the liquid
medium. On the other hand, when the tested material
is absent, the examiner will be able to test and evaluate
the effect of direct contact incubation period only as a

control.25 It is noteworthy to mention that the risk of
contamination of the samples is one of the draw backs
in this technique; some studies have overcome this
problem by using test microorganism with appropriate
selective growth media.31,32

3- Dentinal Tubule Penetrating Effect

In 1987, Haapasalo and Orstavik proposed a new
technique to test the infection and disinfection of
dental tubules.33 Their aim was to develop an in vitro
method to test different types of root canal materials by
means of infected tubules under controlled conditions.
The method uses freshly extracted intact bovine inci-
sors. After disinfection with 0.5% NaOCl, the apical
part and the two thirds of the crown are cut off, then the
canal is widened to 2 mm in diameter. Later on, the
root cementum is removed leaving a cylindrical speci-
men which then is cut into sections of 4 mm.The dentin
blocks are kept in sterile water during all procedures to
avoid dehydration. The smear layer is removed by
using 17% Ethylene Diamine Tetraacetic Acid ultra-
sonic cleaning bath and NaOCl 5.25% to allow the
opening of the dentinal tubules. All sections are steril-
ized by autoclaving the specimens in water for 15
minutes at 121oC.

Then sections are moved to yeast extract glucose
broth in which they are incubated for 24 hours to test
their sterility. A decided number of sections are sub-
jected to preselected test bacteria which are allowed to
infect the tubules during 3 weeks. The long time period
is necessary to allow bacteria to penetrate into the
tubules. Strict asepsis is necessary to avoid contamina-
tion. After placing a varnish on the outer surface, the
test material is placed in the canal lumen and left for
incubation during different time intervals. At the ter-
mination of the study, the tested material is removed
with a sequence of sterile round burs to remove dentin
cuttings from the lumina. The cuttings samples are

Fig 1: Schematic representation of wells used for Direct Contact Test. Specific Bacteria are added in-
direct contact with the sealer of choice. Growth medium is then added to the well. Bacterial outgrowth
is monitored in the presence (A) or absent (B) of the sealer using a spectrophotometer. BHI, Brain Heart
Infusion; OD, Optical Density.
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collected and placed in brain heart infusion broth in
sterile tubes and incubated for certain periods of time.
Finally, the optical density of the broth is measured
using a spectrophotometer to evaluate the presence of
organisms and the antibacterial effect of the tested root
canal sealer. Later on, the technique has been modified
e.g. instead of using bovine teeth, human teeth have
been used.33-35

In conclusion, antibacterial component of endodon-
tic sealers may be an essential factor to prevent the
continuous growth of remaining bacteria in the canal.
Many techniques are available for testing antimicro-
bial effect of endodontic sealers. Fulfilling the previ-
ously mentioned requirements and according to the
recently published papers.9,30,36,37 Currently, Direct Con-
tact Test appears to be the most reliable and mostly
used for evaluating the antimicrobial effect of endodon-
tic sealers. For more accurate results it has been
suggested to utilize more than one technique when
evaluating antimicrobial effect of root canal sealers.25,38

REFERENCES

1 Sundqvist G. Ecology of the root canal flora. J Endod. 1992;
18:427-30.

2 Bystrom A, Happonen RP, Sjogren U, Sundqist G. Healing of
periapical lesions of pulpless teeth after endodontic treatment
with controlled asepsis. Endod Dent Traumatol. 1987; 3:58-63.

3 Dalton BC, Orstavik D, Phillips C, et al. Bacterial reduction
with nickel-titanium rotary instrumentation. J Endod. 1998;
24: 763-67

4 Shuping GB, Orstavik D, Sigurdsson A, Trope M. Reduction
of intracanal bacteria using nickel-titanium rotary instru-
mentation and various medications. J Endod. 2000; 26: 751-55.

5 Chavez De Paz LE, Dahlen G, Molander A, et al. Bacteria
recoverd from teeth with apical periodontitis after antimicro-
bial endodontic treatment. Int Endod J. 2003;36: 500-08.

6 Sundqvist G FD. Life as and endodontic pathogen. Ecological
Differences between the untreated and root filled root canals
Endodontic Topics. 2003: 3-28.

7 Molander A, Reit C, Dahlen G. The antimicrobial effect of
calcium hydroxide in root canals pretreated with 5% iodine
potassium iodide. Endod Dent Traumatol. 1999; 15: 205-09.

8 Orstavid D, Kerekes K, Molven O. Effects of extensive apical
reaming and calcium hydroxide dressing on bacterial infection
during treatment of apical periodontitis: a pilot study. Int
Endodo J. 1991; 24: 1-7.

9 Baer J, Maki JS. In vitro evaluation of the antimicrobial effect
of three endodontic sealers mixed with amoxicillin. J Endod.
2010; 36: 1170-73.

10 Li G. Root Canal Therapy. Philadelphia: Lea & Febiger. 1978:
293-94.

11 Siqueira JF, Jr., Favieri A, Gahyva SM, et al. Antimicrobial
activity and flow rate of newer and established root canal
sellers. J Endod. 2000; 26: 274-77.

12 Shalhav M, Fuss Z, Weiss EI. In vitro antibacterial activity of
a glass ionomer endodontic sealer. J Endod. 1997; 23: 616-19.

13 Fuss Z, Charniaque O, Pilo R, Weiss E. Effect of various mixing
rations on antibacterial properties and hardness of endodontic
sellers. J Endod. 2000; 26: 519-22.

14 Bary AL, Fay GD. The amount of agar in antimicrobial disk
susceptibility test plates. Am J Clin Pathol. 1973; 59: 196-98.

15 Spangberg L, Engstrom B, Langeland K. Biological effects of
dental materials. 3. Toxicity and antimicrobial effect of endo-

dontic antiseptics in vitro. Oral Surg Oral Med Oral Pathol.
1973; 36: 856-71.

16 Tobias RS, Browne RM, Wilson CA. Antibacterial activity of
dental restorative materials. Int Endod J. 1985; 18: 161-71.

17 Grossman L. Antimicrobial effect of root canal cements. J
Endod. 1980; 6: 594-97.

18 Leonardo MR, da Silva LA, Tanomaru Filho M, et al. In vitro
evaluation of antimicrobial activity of sealers and pastes used
in edodontics. J Endod. 2000; 26: 391-94,

19 Tobias R. Antibacterial properties of dental restorative mate-
rials: a review. Int Endod J. 1988; 21: 155-60.

20 Barry AL. Agar diffusion test: general considerations. The
antimicrobial susceptibility test: principles and practices. Lea
and Febiger. 1976: 63-213.

21 Al-Khatib ZZ. Baum RH, MorKse DR, et al. The antimicrobial
effect of various endodontic sealers. Oral Surg Oral Med Oral
Pathol. 1990; 70: 748-90.

22 Amorim Lde F, Toledo OA, Estrela CR, et al. Antimicrobial
analysis of different root canal filling pastes used in pediatric
dentistry by two experimental methods. Braz. Dental J. 2006;
17: 317-22.

23 Kayaoglu G, Erten H, Alacam T, Orstavik D. Short-term
antibacterial activity of root canal sealers towards Enterococ-
cus faecalis. Int Endod J. 2005; 38: 483-88.

24 Mickel AK, Nguyen TH, Chogle S. Antimicrobial activity of
endodontic sealers on Enterococcus faecalis. J Endod. 2003;
29: 257-58.

25 Weiss EI, Shalhav M, Fuss Z. Assessment of antibacterial
activity of endodontic sealers by a direct contact test. Endod
Dent Traumatol. 1996; 12: 179-84.

26 Tabrizizadeh M, Mohammad Z. In vitro evaluation of antibac-
terial activities of root canal sealers. J Clin Dent. 2005;16:
114-16.

27 Gilbert DB, Germaine GR, Jensen JR, Inactivation by saliva
and serum of the antimicrobial activity of some commonly
used root canal cements. J Endod. 1978; 4: 100-05.

28 Orstavik D. Antibacterial properties of root canal sealers,
cements and pastes. International Endodontic Journal. 1981;
14: 125-33.

29 Meryon SD, Johnson SG. The modified model cavity method
for assessing antibacterial properties of dental restorative
materials. J Dent Res. 1989; 68: 835-39.

30 Desai S, Chandler N. Calcium hydroxide-based root canal
sealers: a review. J Endod. 2009; 35: 475-80.

31 Palenik CJ, Behnen MJ, Sectors JC, Miller CH. Inhibition of
microbial adherence and growth by various glass ionomers in
vitro. Dent Mater. 1992; 8: 16-20.

32 Milosevic A. In vitro antimicrobial activity of calcium hydrox-
ide cements on Streptococcus sanguis NCTC 7864. Int Endod
J. 1993; 26: 106-11.

33 Haapasalo M, Orstavik D. In vitro infection and disinfection
of dentinal tubules. J Dent Res. 1987; 66: 1375-79.

34 Heling I, Chandler NP. The antimicrobial effect within den-
tinal tubules of four root canal sealers. J Endod. 1996; 22:
257-59.

35 Saleh IM, Ruyter IE, Haapasalo M, Orstavik D. Survival of
Enterocoucus faecalis in infected dentinal tubules after root
canal filling with different root canal sealers in vitro. Int Endod
J. 2004; 37: 193-98.

36 Hiraishi N, Yiu CK, King NM, Tay FR. Antibacterial effect of
experimental chlorhexidine-releasing polymethl methacry-
late-based root canal sealers. J Endod. 2009; 35:1255-58.

37 Slutzky-Golbberg I, Slutzky H, Solomonov M, et al. Antibac-
terial Properties of Four Endodontic Sealers. J Endod. 34:
735-38.

38 Nawal RR, Parande M, Sehgal R, et al. A comparative evalu-
ation of antimicrobial efficacy and flow properties for Epi-
phany, Guttaflow and AH-Plus sealer. Int Endod J. 2011;
44:307-13.


