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Abstract — Background: Mineral trioxide aggregate (MTA) is a multi-purpose
dental material with various uses in dentistry. Iodine potassium iodide (IKI) is
the most commonly used iodine compound in endodontics. We aimed to
assess the antimicrobial activity of tooth-colored ProRoot MTA combined
with IKI1. Materials and methods: The antimicrobial activity of IKI was
assessed at three concentrations (1%, 2%, and 4%) as the mixing agents
combined with MTA against Enterococcus faecalis, Escherichia coli, Staphy-
lococcus aureus, Pseudomonas aeruginosa, and Candida albicans. For each
microorganism, three plates were inoculated with 100 ul of a microbial
suspension (McFarland 0.5). Four wells were prepared in each plate. MTA

(70 mg) was mixed with any of the three concentrations of IKI (25 ul) or
sterile distilled water (25 ul) and placed in each well. The plates were
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incubated for 24 h at 37°C. Zones of inhibition (ZOI) were measured in
millimeters by a blinded observer. Data were analyzed using analysis of

variance and the Dunnett 7-test. Results: All MTA mixtures with water or IKI

Correspondence to: Prof. Ali Reza Farhad,
Department of Endodontics, School of
Dentistry, Isfahan University of Medical
Sciences, Isfahan 81746-73461, Iran

Tel.: 98 311 7922847

Fax: 98 311 6687080

e-mail: farhad @dnt.mui.ac.ir

Accepted 7 January, 2012

solutions showed inhibitory zones. The mean ZOI of each MTA/IKI mixture
was not significantly different from MTA /water mixture (P > 0.05). MTA/
1% IKI had smaller ZOI than MTA /water against E. coli, E. faecalis, and
C. albicans. MTA/2% IKI showed larger ZOI only against P. aeruginosa.
MTA/4% IKI showed larger ZOI against P. aeruginosa and E. coli

(P < 0.05). Conclusions: Substitution of IKI solutions (1%, 2%, and 4%) for
water did not significantly increase the antimicrobial activity of MTA.

Mineral trioxide aggregate (MTA) is a multi-purpose
dental material used for pulp capping (1), apexification
(2), pulpotomy of primary teeth (3), repair of perfora-
tions (4), root-end fillings (5), and as orifice plugs (6). It
has been reported to display a higher clinical and
radiographic success rate compared with other com-
monly used materials. This success is attributed to the
ideal properties of MTA such as biocompatibility,
osteoinductivity, and high sealing ability (7-9). As
MTA can be used in infected areas, its antimicrobial
properties should be carefully evaluated. A number of
studies have reported conflicting results regarding the
antimicrobial activity of MTA (10-14).

Evidence suggests that the incorporation of silver-
zeolite may enhance the antimicrobial activity of
MTA (15). Also, some studies have shown that
replacing water with chlorhexidine (CHX) improves
the antibacterial and antifungal properties of MTA
(16, 17). This change, however, may have some
adverse effects such as decreased compressive strength
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(17), increased setting time (18), and increased cell
apoptosis (19).

Todine compounds display significant antimicrobial
properties. ITodine interferes with the function of respi-
ratory chain enzymes, dislocates protein synthesis, and
alters the lipid membrane function. Some patients,
however, exhibit allergic reactions to iodine compounds
(20). Todine potassium iodide (IKI) is the most com-
monly used iodine compound as an endodontic irrigant.
It has rapid antimicrobial activity against Enteroccocus
faecalis, Streptococcus sanguis (21), Fusobacterium, Pseu-
domonas aeruginosa (22), Bacillus subtilis, Escherichia
coli, Staphylococcus aureus (23), and Candida albicans
(24). The minimum active concentration of IKI is 1%
and it is used in concentrations ranging from 1% to 5%
(25). 2% IKI has shown less toxicity and tissue irritation
than formocresol, camphorated monoparachlorophenol,
CHX, and sodium hypochlorite (26, 27). It is also well
tolerated by human gingival fibroblasts (28). Combina-
tion of IKI with calcium hydroxide (29) and gutta-percha
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(30) has been suggested to improve their antimicrobial
effects.

There is no study on the antimicrobial activity of
MTA and IKI combination. The aim of this study was to
assess whether tooth-colored ProRoot MTA has antimi-
crobial activity and whether substitution of sterile
distilled water with IKI at three concentrations of 1%,
2%, and 4% as mixing agents would enhance its
antimicrobial action.

Materials and methods

Microorganisms

We used laboratory standard strains of E. faecalis
(ATCC 29212), P. aeruginosa (ATCC 27853), E. coli
(ATCC 25922), S. aureus (ATCC 25923), and C. albi-
cans (ATCC 10231) (IROST, Tehran, Iran). All bacterial
strains were inoculated in 5-ml samples of LB Broth
(Merck, Darmstadt, Germany) and incubated aerobi-
cally for 24 h at 37°C. C. albicans was grown in
Sabouraud’s dextrose agar (Merck, Darmstadt, Ger-
many) for 24 h at 37°C in aerobic conditions.

Preparation of test materials

First, 4% IKI was prepared by mixing 4 g of iodine
(Merck, Darmstadt, Germany) in 8 g of potassium
iodide (Merck, Darmstadt, Germany) and adding dis-
tilled water to a 100-ml volume. Then 2% IKI and 1%
IKI was obtained by diluting 4% IKI in a ratio of 1/2
and 1/4 with sterile distilled water. Mixtures of MTA
were prepared by mixing 70 mg of tooth-colored Pro-
Root MTA (Dentsply Tulsa Dental, Tulsa, OK, USA)
with 25 ul of each IKI concentration (1%, 2%, and 4%)
or sterile distilled water.

Antimicrobial assay

Three experimental and a control plate were prepared for
each microorganism. Each plate had a 5-mm thickness of
Mueller-Hinton broth (Merck, Darmstadt, Germany)
for bacterial strains and Sabouraud’s dextrose agar for
C. albicans. The plates were inoculated with 100 ul of a
microbial suspension (standardized to McFarland 0.5).
Four wells measuring 6 mm in diameter and 2 mm in
depth were made with a sterile pasture pipette in the agar
of each plate. Using a new sterile plastic amalgam
carrier, each tested MTA mixture was placed into a well
of the experimental plates. Twenty-five microlitre of each
liquid was poured into a well of the control plates. All
plates were preincubated for 2 h at room temperature,
followed by incubation for 24 h at 37°C. Zones of
inhibition (ZOI) around the MTA mixtures and controls
were measured to the nearest millimeter by a blinded
observer.

Statistical analysis

The data were analyzed using spss software, version 13
(SPSS Inc, Chicago, IL, USA). Analysis of variance and
the Dunnett #-test were used to determine significant
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differences between the ZOI of each MTA/IKI mixture
and MTA /water. Statistical significance was defined at
P < 0.05.

Results

The ZOI of the experimental and control groups are
presented in Tables 1 and 2. All MTA mixtures and IKI
solutions showed inhibitory effects against tested micro-
organisms. The mean ZOI of MTA mixtures expressed in
millimeter were as follows: MTA /water (11.46 + 3.62);
MTA/1% IKI (9.86 + 3.13); MTA/2% IKI (11.60 +
3.56); MTA/4% IKI (13.46 £ 3.29). There was no
significant difference between the mean ZOI of each
MTA/IKI mixture and the mean ZOI of MTA /water
(P > 0.05). In comparison with MTA /water, MTA/1%
IKT had smaller ZOI against E. coli (P = 0.014), E. fae-
calis (P = 0.028), and C. albicans (P < 0.001); MTA/
2% IKI showed larger ZOI only against P. aeruginosa
(P = 0.009); MTA/4% IKI had larger ZOI against
P. aeruginosa (P < 0.001) and E. coli (P = 0.001).

Discussion

In this study, predominant isolated microorganisms from
failed endodontic therapy cases were chosen. E. faecalis
is a gram-positive facultative anaerobic coccus, which is
the most frequent strain in treatment-resistant cases (31).
Although it consists of a small proportion of the root
canal flora in initial endodontic infections, it can enter
and remain in the root canal system during or after
treatment. Some factors involved in this resistance are
high pH tolerance (32), surviving without other micro-
bial supports (21), intracanal drug resistance, and good
dentinal penetration ability (33). C. albicans is a fungus
that has been occasionally found in untreated cases. But
it is common in endodontic failures (31). Both C. albi-
cans and E. faecalis are calcium hydroxide-resistant

Table 1. The mean of zones of inhibition (mm) in the exper-
imental groups (MTA mixtures with sterile water and IKI
solutions)

Microorganism Water 1% IKI 2% IKI 4% IKI
Escherichia coli 10.33 7.00 10.33 16.00
Staphylococcus aureus 9.33 8.33 9.00 10.67
Candida albicans 18.33  15.00 18.00 17.67
Enterococcus faecalis 9.00 7.67 8.67 9.67

Pseudomonas aeruginosa 1033  11.33 12.00 13.33

Table 2. Zones of inhibition (mm) in the control groups (sterile
water and IKI solutions)

Microorganism Water 1% IKI 2% IKI 4% IKI

Escherichia coli 0
Staphylococcus aureus 0
Candida albicans 0 30 33 40
Enterococcus faecalis 0
Pseudomonas aeruginosa 0
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microorganisms and can survive in food-deprivation
conditions. E. coli, a gram-negative facultative anaerobic
rod, P. aeruginosa, a gram-negative obligatory aerobic
rod and S. aureus, a gram-positive facultative anaerobic
coccus, are also isolated from root-filled canals with
apical periodontitis (34).

To evaluate the antimicrobial activity of MTA, we
used the agar diffusion method, which has been the most
commonly used technique for the evaluation of antimi-
crobial activities of MTA. This method, however, is
technique-sensitive and has some limitations. The out-
come measure (i.e., zone of inhibition) is dependent on
diffusibility and solubility of tested materials through
agar media (10).

In our study, all samples of MTA/water mixture
showed inhibitory effects against the tested microorgan-
isms. Our results are consistent with those of Eldeniz
et al. (10), Al-Hezaimi et al. (11), and Sipert et al. (12),
who reported that MTA has antimicrobial effect against
E. faecalis. However, our results do not coincide with
those of Estrela et al. (13) and Torabinejad et al. (14)
who did not find any inhibitory effect for MTA against
E. faecalis and S. aureus. Differences in the results might
be attributed to the various species of the microorgan-
isms, the methods of the investigations, the source of
prepared material (35), and also the type and the
concentration of MTA (11, 36) used in these studies.

Replacement of distilled water with CHX has been
shown to cause significant elevation in antimicrobial
activity of MTA (16, 17). Stowe et al. (16) compared the
antimicrobial activity of MTA mixtures with 0.12% CHX
and distilled water against Actinomyces odontolyticus,
Fusobacterium nucleatum, S. sanguis, E. faecalis, E. coli,
P. aeruginosa, S. aureus, and C. albicans. MTA/CHX
mixture showed significantly more antimicrobial activity
than MTA /water among all species except P. aeruginosa.
In addition, Holt et al. (17) reported the higher antimi-
crobial activity of MTA/2% CHX mixture compared
with MTA /water mixture against E. faecalis. However,
setting time of MTA mixtures with both the liquid (up to
72 h) and the gel forms (at least 1 week) of CHX was
increased adversely (17, 18). This may account for the
larger inhibitory zone of MTA/CHX mixture compared
with MTA /water mixture as the former combination sets
later and can diffuse more through agar media.

In the control plates, all concentrations of IKI
solutions (1%, 2%, and 4%) exhibited inhibitory zones
against the tested microorganisms. In the experimental
plates, combinations of MTA with three concentrations
of IKI showed different results. In comparison with
MTA/water, MTA/1% IKI mixture not only did not
show increased inhibitory effect against S. aureus and
P. aeruginosa but also it showed decreased inhibitory
effect against C. albicans, E. faecalis, and E. coli.
Although very little is known about the chemical
reactions between MTA components and IKI, some
antagonist reactions may adversely affect the antimicro-
bial effects of both materials. Nevertheless, we observed
an increase in the antimicrobial effects of MTA mixtures
with higher concentrations of IKI. MTA/2% IKI mix-
tures showed greater inhibitory zones only against
P. aeruginosa compared with MTA/water. MTA/4%

IKI mixtures were more effective only against E. coli
and P. aeruginosa than MTA/water. Combinations of
MTA with 2% and 4% IKI were more effective on gram-
negative bacteria than gram-positive bacteria, which may
be related to the differences in the cell walls and cell
envelopes among gram-positive and gram-negative bac-
teria.

In the present study, we observed that MTA/IKI
mixtures set faster than MTA/water. This might be
another reason accounting for the less inhibitory zone
around MTA/IKI mixtures as the mixture sets faster and
can diffuse less through agar media. We also observed
that 1% and 2% IKI did not have a notable effect on the
color of MTA, and MTA/IKI mixtures were easier to
handle than MTA /water mixture.

Although agar diffusion method has been the most
commonly used technique for the assessment of antimi-
crobial activities of MTA, we suggested tube dilution
method to overcome the limitations of this method. In
order to fully assess the viability of using IKI with MTA,
it is also suggested that pH, sealing ability, allergenicity,
and physical properties, specifically the setting time of
MTA/IKI mixtures be evaluated.

Conclusion

Within the limitations of our study, we can conclude that
replacing distilled water with IKI to mix with MTA
might not improve the antimicrobial properties of MTA.

Acknowledgements

This study was supported by Isfahan University of
Medical Sciences (grant no. 389219). We would like to
thank Dr. Bahram Soleimani for his statistical consul-
tation. The authors deny any conflicts of interest.

References

1. Faraco IM Jr, Holland R. Response of the pulp of dogs to
capping with mineral trioxide aggregate or a calcium hydroxide
cement. Dent Traumatol 2001;17:163-6.

2. Simon S, Rilliard F, Berdal A, Machtou P. The use of mineral
trioxide aggregate in one-visit apexification treatment: a
prospective study. Int Endod J 2007;40:186-97.

3. Sonmez D, Sari S, Cetinbas T. A comparison of four pulpot-
omy techniques in primary molars: a long-term follow-up.
J Endod 2008;34:950-5.

4. Main C, Mirzayan N, Shabahang S, Torabinejad M. Repair of
root perforations using mineral trioxide aggregate: a long-term
study. J Endod 2004;30:80-3.

S. Saunders WP. A prospective clinical study of periradicular
surgery using mineral trioxide aggregate as a root-end filling.
J Endod 2008;34:660-5.

6. Mah T, Basrani B, Santos JM, Pascon EA, Tjaderhane L,
Yared G et al. Periapical inflammation affecting coronally-
inoculated dog teeth with root fillings augmented by white
MTA orifice plugs. J Endod 2003;29:442-6.

7. Torabinejad M, Ford TR, Abedi HR, Kariyawasam SP, Tang
HM. Tissue reaction to implanted root-end filling materials in
the tibia and mandible of guinea pigs. J Endod 1998;24:468—
71.

8. Koh ET, Torabinejad M, Pitt Ford TR, Brady K, McDonald F.
Mineral trioxide aggregate stimulates a biological response in
human osteoblasts. J Biomed Mater Res 1997;37:432-9.

© 2012 John Wiley & Sons A/S



20.

21.

faecalis

. Torabinejad M, Watson TF, Pitt Ford TR. Sealing ability of a

mineral trioxide aggregate when used as a root end filling
material. J Endod 1993;19:591-5.

. Eldeniz AU, Hadimli HH, Ataoglu H, Orstavik D. Antibacte-

rial effect of selected root-end filling materials. J Endod
2006;32:345-9.

. Al-Hezaimi K, Al-Shalan TA, Naghshbandi J, Oglesby S,

Simon JH, Rotstein I. Antibacterial effect of two mineral
trioxide aggregate (MTA) preparations against Enterococcus
and Streptococcus sanguis in vitro. J Endod
2006;32:1053-6.

. Sipert CR, Hussne RP, Nishiyama CK, Torres SA. In vitro

antimicrobial activity of Fill Canal, Sealapex, Mineral Trioxide
Aggregate, Portland cement and EndoRez. Int Endod J
2005;38:539-43.

. Estrela C, Bammann LL, Estrela CR, Silva RS, Pecora JD.

Antimicrobial and chemical study of MTA, Portland cement,
calcium hydroxide paste, Sealapex and Dycal. Braz Dent J
2000;11:3-9.

. Torabinejad M, Hong CU, Pitt Ford TR, Kettering JD.

Antibacterial effects of some root end filling materials. J Endod
1995;21:403-6.

. Odabas ME, Cinar C, Akca G, Araz I, Ulusu T, Yucel H.

Short-term antimicrobial properties of mineral trioxide aggre-
gate with incorporated silver-zeolite. Dent Traumatol
2011;27:189-94.

. Stowe TJ, Sedgley CM, Stowe B, Fenno JC. The effects of

chlorhexidine gluconate (0.12%) on the antimicrobial proper-
ties of tooth-colored ProRoot mineral trioxide aggregate.
J Endod 2004;30:429-31.

. Holt DM, Watts JD, Beeson TJ, Kirkpatrick TC, Rutledge RE.

The anti-microbial effect against Enterococcus faecalis and the
compressive strength of two types of mineral trioxide aggregate
mixed with sterile water or 2% chlorhexidine liquid. J Endod
2007;33:844-7.

. Kogan P, He J, Glickman GN, Watanabe 1. The effects of

various additives on setting properties of MTA. J Endod
2006;32:569-72.

. Hernandez EP, Botero TM, Mantellini MG, McDonald NJ,

Nor JE. Effect of ProRoot MTA mixed with chlorhexidine on
apoptosis and cell cycle of fibroblasts and macrophages in vitro.
Int Endod J 2005;38:137-43.

Selvaggi G, Monstrey S, Van Landuyt K, Hamdi M, Blondeel
P. The role of iodine in antisepsis and wound management: a
reappraisal. Acta Chir Belg 2003;103:241-7.

Orstavik D, Haapasalo M. Disinfection by endodontic irrigants
and dressings of experimentally infected dentinal tubules.
Endod Dent Traumatol 1990;6:142-9.

© 2012 John Wiley & Sons A/S

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

Effect of iodine potassium iodide on the MTA 477

Gencoglu N, Kulekci G. Antibacterial efficacy of root canal
medicaments. J Nihon Univ Sch Dent 1992;34:233-6.

Cardoso CL, Redmerski R, Bittencourt NLR, Kotaka CR.
Effectiveness of different chemical agents in rapid decontam-
ination of gutta-percha cones. Braz J Microbiol 2000;31:67-71.
Waltimo TM, Orstavik D, Siren EK, Haapasalo MP. In vitro
susceptibility of Candida albicans to four disinfectants and their
combinations. Int Endod J 1999;32:421-9.

Shurrab MY. Antimicrobial efficiency of some antiseptic
products on endodontic microflora isolated from gangrenous
pulp tissue. J Contemp Dent Pract 2006;7:53-62.

Spangberg L, Engstrom B, Langeland K. Biologic effects of
dental materials. 3. Toxicity and antimicrobial effect of
endodontic antiseptics in vitro. Oral Surg Oral Med Oral
Pathol 1973;36:856-71.

Spangberg L, Rutberg M, Rydinge E. Biologic effects of
endodontic antimicrobial agents. J Endod 1979;5:166-75.
Barnhart BD, Chuang A, Lucca JJ, Roberts S, Liewehr F,
Joyce AP. An in vitro evaluation of the cytotoxicity of various
endodontic irrigants on human gingival fibroblasts. J Endod
2005;31:613-5.

Bodrumlu E, Alacam T. Evaluation of antimicrobial and
antifungal effects of iodoform-integrating gutta-percha. J Can
Dent Assoc 2006;72:733.

Siren EK, Haapasalo MP, Waltimo TM, Orstavik D. In vitro
antibacterial effect of calcium hydroxide combined with
chlorhexidine or iodine potassium iodide on Enterococcus

faecalis. Eur J Oral Sci 2004;112:326-31.

Sundqvist G, Figdor D, Persson S, Sjogren U. Microbiologic
analysis of teeth with failed endodontic treatment and the
outcome of conservative re-treatment. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1998;85:86-93.

Evans M, Davies JK, Sundqvist G, Figdor D. Mechanisms
involved in the resistance of Enterococcus faecalis to calcium
hydroxide. Int Endod J 2002;35:221-8.

Haapasalo M, Orstavik D. In vitro infection and disinfection of
dentinal tubules. J Dent Res 1987;66:1375-9.

Peciuliene V, Reynaud AH, Balciuniene I, Haapasalo M.
Isolation of yeasts and enteric bacteria in root-filled teeth with
chronic apical periodontitis. Int Endod J 2001;34:429-34.
Al-Hezaimi K, Al-Shalan TA, Naghshbandi J, Simon JH,
Rotstein I. MTA preparations from different origins may vary
in their antimicrobial activity. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2009;107:¢85-8.

Al-Hezaimi K, Al-Hamdan K, Naghshbandi J, Oglesby S,
Simon JH, Rotstein 1. Effect of white-colored mineral trioxide
aggregate in different concentrations on Candida albicans in
vitro. J Endod 2005;31:684-6.



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



