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ABSTRACT
Introduction: Microorganisms should be considered to have
the major role in starting and perpetuation of pulpo-periapical
diseases. Using intracanal medicaments is necessary to gain a
bacteria-free environment in the canal system. Calcium hydroxide
(abbreviated as Ca(OH)2), which is the most commonly used
medicament in endodontic therapy, has been shown to be effective against primary sources of infection; however, its effectiveness against some microorganisms, such as Candida albicans
and Enterococcus faecalis has not been proved. On the other
hand, sodium hypochlorite (NaOCl), chlorhexidine (CHX), and
iodine potassium iodide (IKI) have been shown to be the potent
medicaments against these microorganisms. Because of this
fact, combination of Ca(OH)2 and some irrigants of the root canal
has been suggested as potential intracanal medicaments. The
aim of this literature review is to identify and address the efficacy
of Ca(OH)2 in combined with some of these irrigating solutions.
Keywords: Calcium hydroxide, Chlorhexidine, Endodontics,
Irrigation, Sodium hypochlorite.
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INTRODUCTION
Hermann1 in 1920 introduced an important material to
the endodontics. It was calcium hydroxide (Ca(OH)2)
proposed to be used as a suitable agent for pulp capping.
This material is an odorless powder with suitable water
solubility and the ability to decrease as temperature rises.2
Dissociation coefficient of this combination permits slow
release of hydroxyl ions and calcium. Low solubility of this
material is considered as a good characteristic as a long
period is necessary before it becomes soluble in tissue fluids
when in direct contact with vital tissues.3,4 The thixotropic
behavior of Ca(OH)2 in water causes it to be very fluid
during agitation.3 After exposure of Ca(OH)2 to carbonate ions or carbon dioxide inside the tissues, the chemical
dissociation may lead to creation of calcium carbonate.
However, one research published in 2002 concluded that
after exposure to carbon dioxide for 1 month, Ca(OH)2,
intracanal bactericidal pH of the material was maintained.2

RETRIEVAL OF LITERATURE
An English-limited MEDLINE search strategy was
arranged and performed through the articles published
between 2002 and 2015. The searched keywords included
“sodium hypochlorite (NaOCl) and calcium hydroxide,”
“chlorhexidine (CHX) and calcium hydroxide,” “calcium
hydroxide and antimicrobial,” “iodine potassium iodide
and calcium hydroxide,” “calcium hydroxide and endodontic bacteria.” After this stage, a hand search was
performed in the references of the collected articles to
find more matching relevant articles.
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Resultantly, a total of 1,106 articles were found,
which in order of their related keywords are “calcium
hydroxide and chlorhexidine-296”, “calcium hydroxide
and iodine potassium iodide-28”, “calcium hydroxide
and sodium hypochlorite-331”, “calcium hydroxide and
antimicrobial-243,” “calcium hydroxide and endodontic
bacteria-208.”

Mechanism of Antimicrobial Activity
Regarding the antimicrobial effect of Ca(OH)2 in aqueous
environments, Siqueira5 showed the dependency to
hydroxyl ion release. Another study concluded that
hydroxyl ions should be considered as free radicals with
the ability of high reaction with some of the biomolecules.
This reaction is indiscriminate, so free radicals may rarely
diffuse away from the generation site. The bactericidal
effects of these ions may be due to the denaturation of
some proteins, damages to cytoplasmic membrane of the
bacteria, and also damage to the DNA structure. However,
it is not obvious that which of these three mechanisms
has the main role in the bacterial cell death.6 Cytoplasmic
membrane is the main enzymatic site, so the hydroxyl
ions exert their action in this area.7 Extracellular enzymes
can act on some products, such as lipids, carbohydrates,
and proteins through hydrolysis. The pH gradient of
cytoplasmic membrane may be changed by the increased
concentration of hydroxyl ions acting on membrane proteins. This kind of injury to the organic components may
be seen in phase of peroxidation.8
Some cellular processes like some changes in mobility, cellular metabolism, conductivity and transport
through isosmotic cellular volume and membrane,
activation of cellular proliferation may influence on
intracellular pH. So, some functions of the cells may be
influenced by changes in pH (such as some essential
enzymes for metabolism).9 In an important study, it has
been shown that irreversible inactivation of bacterial
enzymes may be seen under extreme conditions of pH
for a long time.10

IKI and Ca(OH)2
Peciuliene et al11 indicated that 2% IKI 4%-saturated
Ca(OH)2 combination shows weaker effect than 2% IKI
4%. In another research, Haenni et al12 showed that the
increase effect of Ca(OH)2 on the pH may be maintained
in combination of IKI and Ca(OH)2. Sirén et al13 also
concluded that some additive benefits may be achieved
by combination of IKI and Ca(OH)2. Fuss et al14 stated
that combination of IKI and Ca(OH)2 may be a suitable
product against Enterococcus faecalis in bovine tooth. In
human teeth infected with E. faecalis, it has been shown
that Ca(OH)2/iodoform/silicone oil is the most effective

combination followed by Ca(OH)2/2% IKI, and the least
effect showed to be achieved by Ca(OH)2.15

CHX and Ca(OH)2
For CHX, the best antimicrobial activity can be achieved
in pH between 5.5 and 7,16,17 so alkalinizing pH by combining some Ca(OH)2 to the CHX may precipitate CHX
molecules and so decreases its effectiveness. However,
Ca(OH)2 alkalinity in the combination form showed no
change, so the suitability of mixing CHX with Ca(OH)2
has not been proved yet.17
As a medicament, Ca(OH)2 is less effective than
CHX in decreasing intratubular amount of E. faecalis.17,18
Almyroudi et al 19 showed that Ca(OH) 2 /CHX 1:1
mixture is efficient in decreasing intratubular enterococcus. However, some researchers in bovine dentin20 or in
human dentin21 concluded that CHX had better effect
against E. faecalis, followed by CHX/Ca(OH)2 combination and also Ca(OH)2 alone.
Haenni et al, 12 using agar diffusion, showed no
additive antimicrobial effect by mixing 0.5% CHX with
Ca(OH)2 powder. Although CHX has decreased antimicrobial effect, Ca(OH)2 do not lose its antibacterial
properties in this combination. One study on extracted
human teeth concluded that 2% CHX was the most
effective against E. faecalis inside the tubules, followed
by 2% CHX/Ca(OH)2 mixture, whilst Ca(OH)2 alone
was completely ineffective in 1 month period of study.22
2% CHX has more effectiveness against C. albicans than
Ca(OH)2/2% CHX mixture at 1 week, although no difference at 30 days was observed. Ca(OH)2 alone had no
effect this kind of Candida.
In two separate studies on E. faecalis, Schäfer et al21 and
Lin et al23 showed that 2% CHX has more effects comparing Ca(OH)2 alone or their combination. However, Evans
et al24 showed that Ca(OH)2 in water may be less effective
than 2% CHX/Ca(OH)2. Lindskog et al25 in an animal
research showed that teeth medicated with CHX for 30
days had reduced inflammatory signs in periodontium.
Waltimo et al26 also concluded that saturated Ca(OH)2
has less effect against C. albicans than 0.5% CHX acetate.
Ca(OH)2/CHX mixture had more effects than Ca(OH)2
alone.

Synergism of NaOCl and Ca(OH)2
Complete debridement of the canal system by using hand
and/or rotary instruments alone seems to be impossible,
so the irrigation with NaOCl and intracanal placement
of a medicament, such as Ca(OH)2 may be utilized as an
attempt to achieve this aim.27
Synergistic effects of NaOCl and Ca(OH)2 is controversial. Hasselgren et al28 showed that after 12 days of

The Journal of Contemporary Dental Practice, March 2017;18(3):246-249

247

Zahed Mohammadi et al

exposure, Ca(OH)2 paste (mixed with water) has the
ability of tissue dissolving. They also reported that pretreatment of the tissue with Ca(OH)2 can increase the tissue
dissolving effect of NaOCl. In another research, Metzler
and Montgomery29 showed that 1 week pretreatment with
Ca(OH)2 followed by irrigation with NaOCl can clean
isthmuses better than hand preparation of the canal alone.
Yang et al27 also demonstrated that NaOCl and Ca(OH)2
partially dissolved pulp in bovine samples. Both of these
chemicals had more effects than water alone. Wadachi
et al30 in another study on bovine samples reported that
debris was decreased in cases treated with NaOCl for
30 seconds or Ca(OH)2 for 1 week. However, Ca(OH)2/
NaOCl mixture was better than single treatment. Morgan
et al31 concluded that irrigation with Ca(OH)2 shows only
10% weight loss of tissue comparing saline.
Although Ca(OH)2 is useful as an endodontic antibacterial medicament and as an endodontic irrigant,
its potential risks as a combined material is better to be
assessed.32-34

CONCLUSION
• For increasing the antimicrobial activity of Ca(OH)2,
mixing the powder with NaOCl, CHX, and IKI has
been proposed.
• Adding Ca(OH)2 to CHX for pH alkalinizing may lead
to decreasing the effectiveness.
• All studies regarding combining Ca(OH)2 and IKI
showed synergistic effect between them without
reducing the pH.
• Although the ability of NaOCl to dissolve the tissues
may increase after pretreatment of tissues with
Ca(OH)2, synergistic effects of NaOCl and Ca(OH)2
is still controversial.

REFERENCES
1. Hermann BW. Calcium hydroxid als Mittelzurn, Behandeln
und Fullen von Wurzelkanalen [Thesis]. Wurzburg; 1920.
2. Farhad A, Mohammadi Z. Calcium hydroxide: a review. Int
Dent J 2005 Oct;55(5):293-301.
3. Spångberg L, Haapasalo M. Rationale and efficacy of root
canal medicaments and root filling materials with emphasis
on treatment outcome. Endod Topics 2002 Jul;2(1):35-58.
4. Rehman K, Saunders WP, Foye RH, Sharkey SW. Calcium
ion diffusion from calcium hydroxide-containing materials
in endodontically-treated teeth: an in vitro study. Int Endod
J 1996 Jul;29(4):271-279.
5. Siqueira JF Jr. Strategies to treat infected root canals. J Calif
Dent Assoc 2001 Dec;29(12):825-837.
6. Siqueira JF Jr, Lopes HP. Mechanisms of antimicrobial activity of calcium hydroxide: a critical review. Int Endod J 1999
Sep;32(5):361-369.
7. Estrela C, Sydney GB, Bammann LL, Felippe O Jr. Estudo do
efeito biológico do pH na atividade enzimática de bactérias
anaeróbias. Rev Fac Odontol Bauru 1994 Dec;2(4):29-36.

248

8. Estrela C, Pimenta FC, Ito IY, Bammann LL. Antimicrobial
evaluation of calcium hydroxide in infected dentinal tubules.
J Endod 1999 Jun;25(6):416-418.
9. Putnam, RW. Intracellular pH regulation. Cell physiology.
San Diego: Academic Press; 1995. p. 212-229.
10. Estrela C, Pécora JD, Silva RS. pH analysis of vehicles and
calcium hydroxide pastes. Braz Endod J 1998;3:41-47.
11. 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 Sep;34(6):429-434.
12. Haenni S, Schmidlin PR, Mueller B, Sener B, Zehnder M.
Chemical and antimicrobial properties of calcium hydroxide mixed with irrigating solutions. Int Endod J 2003
Feb;36(2):100-105.
13. Sirén EK, Haapasalo MP, Waltimo TM, Ørstavik D. In vitro
antibacterial effect of calcium hydroxide combined with
chlorhexidine or iodine potassium iodide on Enterococcus
faecalis. Eur J Oral Sci 2004 Aug;112(4):326-331.
14. Fuss Z, Mizrahi A, Lin S, Cherniak O, Weiss EI. A laboratory
study of the effect of calcium hydroxide mixed with iodine
or electrophoretically activated copper on bacterial viability
in dentinal tubules. Int Endod J 2002 Jun;35(6):522-526.
15. Cwikla SJ, Bélanger M, Giguère S, Progulske-Fox A, Vertucci FJ.
Dentinal tubule disinfection using three calcium hydroxide
formulations. J Endod 2005 Jan;31(1):50-52.
16. Rossi-Fedele G, Doğramaci EJ, Guastalli AR, Steier L, de
Figueiredo JA. Antagonistic interactions between sodium
hypochlorite, chlorhexidine, EDTA, and citric acid. J Endod
2012 Apr;38(4):426-431.
17. Mohammadi Z, Abbott PV. The properties and applications of chlorhexidine in endodontics. Int Endod J 2009
Apr;42(4):288-302.
18. Mohammadi Z, Jafarzadeh H, Shalavi S. Antimicrobial efficacy
of chlorhexidine as a root canal irrigant: a literature review.
J Oral Sci 2014 Jun;56(2):99-103.
19. Almyroudi A, Mackenzie D, McHugh S, Saunders WP. The
effectiveness of various disinfectants used as endodontic
intracanal medications: an in vitro study. J Endod 2002
Mar;28(3):163-167.
20. Gomes BP, Souza SF, Ferraz CC, Teixeira FB, Zaia AA,
Valdrighi L, Souza-Filho FJ. Effectiveness of 2% chlorhexidine
gel and calcium hydroxide against Enterococcus faecalis in
bovine root dentine in vitro. Int Endod J 2003 Apr;36(4):267-275.
21. Schäfer E, Bössmann K. Antimicrobial efficacy of chlorhexidine and two calcium hydroxide formulations against
Enterococcus faecalis. J Endod 2005 Jan;31(1):53-56.
22. Ercan E, Dalli M, Dülgergil CT. In vitro assessment of the
effectiveness of chlorhexidine gel and calcium hydroxide paste
with chlorhexidine against Enterococcus faecalis and Candida
albicans. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006 Aug;102(2):e27-e31.
23. Lin YH, Mickel AK, Chogle S. Effectiveness of selected materials against Enterococcus faecalis: part 3. The antibacterial effect
of calcium hydroxide and chlorhexidine on Enterococcus
faecalis. J Endod 2003 Sep;29(9):565-566.
24. Evans MD, Baumgartner JC, Khemaleelakul SU, Xia T. Efficacy
of calcium hydroxide: chlorhexidine paste as an intracanal
medication in bovine dentine. J Endod 2003 May;29(5):338-339.
25. Lindskog S, Pierce AM, Blomlöf L. Chlorhexidine as a root
canal medicament for treating inflammatory lesions in the
periodontal space. Endod Dent Traumatol 1998 Aug;14(4):
186-190.

JCDP
Additive and reducing Effects between Calcium Hydroxide and Current Irrigation Solutions
26. Waltimo TM, Orstavik D, Sirén EK, Haapasalo MP. In vitro
susceptibility of Candida albicans to four disinfectants and
their combinations. Int Endod J 1999 Nov;32(6):421-429.
27. Yang SF, Rivera EM, Baumgardner KR, Walton RE, Stanford C.
Anaerobic tissue-dissolving abilities of calcium hydroxide
and sodium hypochlorite. J Endod 1995 Dec;21(12):613-616.
28. Hasselgren G, Olsson B, Cvek M. Effects of calcium hydroxide and sodium hypochlorite on the dissolution of necrotic
porcine muscle tissue. J Endod 1988 Mar;14(3):125-127.
29. Metzler RS, Montgomery S. Effectiveness of ultrasonics and
calcium hydroxide for the debridement of human mandibular
molars. J Endod 1989 Aug;15(8):373-378.
30. Wadachi R, Araki K, Suda H. Effect of calcium hydroxide on
the dissolution of soft tissue on the root canal wall. J Endod
1998 May;24(5):326-330.

31. Morgan RW, Carnes DL Jr, Montgomery S. The solvent effects
of calcium hydroxide irrigating solution on bovine pulp tissue.
J Endod 1991 Apr;17(4):165-168.
32. Forghani M, Mashhoor H, Rouhani A, Jafarzadeh H.
Comparison of pH changes induced by calcium enriched
mixture and those of calcium hydroxide in simulated root
resorption defects. J Endod 2014 Dec;40(12):2070-2073.
33. Bidar M, Hooshiar S, Naderinasab M, Moazzami M, Orafaee H,
Naghavi N, Jafarzadeh H. Comparative study of the antimicrobial effect of three irrigant solutions (chlorhexidine, sodium
hypochlorite and chlorhexidinated MUMS). J Contemp Dent
Pract 2012 Jul;13(4):436-439.
34. Ghorbanzadeh S, Loodaricheh SA, Samizade S, Zadsirjan S.
Irrigants in endodontic treatment. Int J Contemp Dent Med
Rev 2015 Jun;030515.

The Journal of Contemporary Dental Practice, March 2017;18(3):246-249

249

