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Abstract:

Introduction:

As the root canal system considered to be complex and unpredictable, using root canal irrigants and medicaments are essential in
order to enhance the disinfection of the canal. Sodium hypochlorite is the most common irrigant in endodontics. Despite its excellent
antimicrobial activity and tissue solubility, sodium hypochlorite lacks some important properties such as substantivity and smear
layer removing ability.

Objective:

The aim of this review was to address benefits and drawbacks of combining sodium hypochlorite with other root canal irrigants and
medicaments.

Discussion:

According to the reviewed articles, NaOCl is the most common irrigation solution in endodontics. However, it has some drawbacks
such as  inability  to  remove smear  layer.  One of  the drawbacks of  NaOCl is  its  inability  to  remove the smear  layer  and lack of
substantivity.

Conclusion:

The adjunctive use of other materials has been suggested to improve NaOCl efficacy. Nevertheless, further studies are required in
this field.

Keywords: Sodium hypochlorite, Interaction, Root canal irrigation, Smear layer, Antimicrobial activity, Medicaments.

1. INTRODUCTION

Due to various anatomical complexities of the canal system, mechanical preparation of the canal may reduce the
bacterial load inside the canal 100-1000 folds. However, due to the fact that 35 to 50% of the surface area of the canal
system remains untouched by endodontic instruments using an appropriate root canal irrigantis necessary in order to
improve disinfection of the root canal system [1].
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In ideal form, irrigants should have antimicrobial action, tissue-dissolution activity, demineralization, lubrication,
and ability to removing smear layer and debris [2].

2. RATIONALE FOR COMBINING SODIUM HYPOCHLORITE (NaOCl) AND OTHER IRRIGANTS

As NaOCl has excellent antimicrobial action and also tissue solubility, it has been used in endodontics as the most
common irrigation solution. NaOCl is available as 1-15% aqueous solutions with alkaline pH (around 11) [3].

One  important  drawback  of  NaOCl  is  its  inability  forsmear  layer  removal  [3].  Therefore,  adjunctive  use  of  a
chelating agent like ethylene-diamine tetra-acetic acid (EDTA) or citric acid (CA) has been proposed in order to remove
the smear layer created after root canal preparation [4]. EDTA is used at10-17% concentrations; its pH is modified from
original value of 4 to values up to 8 for increasing its chelating activity [5]. CA is also an organic acid normally used in
endodontic therapy at 10-50% concentrations with pH 1-2 [6].

One of the other drawbacks of NaOCl is the lack of substantivity [7]. Substantive antimicrobial agents are attached
to hydroxyapatite containing tissues (i.e. dentin) and are released gradually. Chlorhexidine (CHX) is a cationic bis-
guanide  with  residual  antibacterial  activity.  Combination  of  NaOCl  and  CHX  has  been  proposed  to  increase  their
antibacterial action [8].

The antibacterial effect of NaOCl can be achieved in two different ways. A high concentration of chloride ions
produces high cytotoxicity, which explains the excellent antibacterial effect. But at a lower pH, the high proportion of
hypo chloric acid is explanation of the antibacterial effect. The fact that the proportion of chloride ions decreases in the
solution does not mean that the solution will lose its antibacterial effect [2 - 4].

3. INTERACTION BETWEEN NaOCl AND EDTA

Adding EDTA to NaOCl can decrease the pH of NaOCl in a time-dependent manner. This may affect free chlorines
in solution and increase in chlorine gas and hypochlorous acid, subsequently decreases the hypochlorite ion [9, 10].

Equal proportions of 1-2% NaOCl with 17% EDTA may result in pH of 8.0 from an initial value of 10 after 48
hours.  However,  when  mixed  in  a  1:3  ratio,  pH  was  stable  during  48-hour  time,  possibly  because  of  immediate
interaction between solutions [11]. Baumgartner and Ibay [12] showed that pH reduction in NaOCl may cause chlorine
gas release. This means that adding EDTA to NaOCl may cause lower levels of chlorine gas.

Zehnder et  al.  [10] concluded that  when NaOCl was combined with EDTA, free chlorine may decrease to 0 in
period of 60 minutes. Clarkson et al. [13] are in agreement with this conclusion. They also showed that the available
chlorine loss may be 80%.

Girard et al. [14] evaluated interactions of gel-type preparations of chelators containing 10% urea peroxide and 15%
EDTA with 1% NaOCl. Using spectroscopy, they showed that both compounds depleted the solution from chlorine
after only 5 minutes. Grawehr et al. [15] concluded that EDTA may cause NaOCl to lose its tissue-dissolving ability.
NaOCl cannot decrease calcium chelating or smear layer removal of EDTA and CA [4].

Saquy et  al.  [16]  evaluated the calcium chelation ability  of  combination of  distilled water  and 17% EDTA and
combination  of  0.5% NaOCl  and 17% EDTA and concluded that  more  amounts  of  calcium chelation  can  occur  in
solutions containing NaOCl. This study also revealed that the addition of NaOCl to EDTA cannot alter demineralization
ability of EDTA. Two studies have shown that if the original free chlorine values were modest, chelators can decrease
the  antimicrobial  activity  of  NaOCl  [10,  15].  Grawehr  et  al.  [15],  by  using  agar  diffusion  test  for  evaluating  the
antimicrobial  activity  against  Enterococcus  faecalis  and Candida  albicans  showed that  NaOCl can produce smaller
zones of inhibition comparing EDTA or mixture of NaOCl/EDTA.

4. INTERACTION BETWEEN CHX AND NaOCl

The combination of CHX and NaOCl has the ability to increase their  antibacterial  characteristics.  Furthermore,
CHX has a unique property named substantivity (prolonged antimicrobial activity) [8]. The association of CHX with
NaOCl  may  result  in  a  chemical  smear  layer  which  may  cover  dentinal  tubules  and  so  interfere  with  the  sealing
property. Moreover, this precipitate shows cytotoxicity and may change the tooth color [9].

One study using electrospray ionization concluded that 2% CHX may rapidly produce orange-brown precipitate in
combination with 1% and 5.25% NaOCl, and orange-white precipitate in combination with 0.16% NaOCl [16]. It has
been proposed that oxidizing activity of NaOCl causes chlorination of CHX [18]. On the other hand, some other studies,
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using  different  methodologies,  failed  to  detect  it  [16  -  20].  Para-chloroaniline  (PCA)  seems  to  be  mutagenic  and
cytotoxic. There are some concerns regarding the possible carcinogenicity [9].

Some studies have been done to show the chemical composition of the flocculate created by association of CHX
with NaOCl [17 - 22]. Marchesan et al. [21] combined different concentrations of CHX (0.2% - 2%) and NaOCl (0.5%,
2.5%, and 5%) and showed the formation of brownish flocculate when solutions made contact with each other.

Using  nuclear  magnetic  resonance,  Krishnamurthy  and  Sudhakaran  [23]  detected  PCA  following  mixing  2.5%
NaOCl  with  2%  CHX.  Chhabra  et  al.  [24]  showed  that  PCA  was  a  toxic  and  carcinogenic  substance.  Using
environmental scanning electron microscopy, one study assessed the influence of irrigation using on debris removal and
patent dentinal tubules ex vivo. They showed a decrease in count of patent dentinal tubules in coronal and middle thirds
of the canal between irrigation with irrigation with 5.25% NaOCl and 5.25% NaOCl/2% CHX [25]. Using scanning
electron microscopy, Valera et al. [26] studied the percentage of closed and open tubules after canal preparation using
2.5% NaOCl and 2% CHX, intercalated by normal saline. They concluded that 2% CHX gel may produce the largest
amount of open dentinal tubules.  Using Rhodamine leakage, Akisuke et al.  [27] concluded that the combination of
CHX and NaOCl may cause a decrease in permeability only in the apical area. Vivacqua-Gomes et al. [28] also showed
that  a  precipitate  formed when combining 2% CHX gel  and 1% NaOCl may enhance dye penetration in  obturated
canals. A recent study showed that precipitates formed when NaOCl and CHX contact did not show mutagenic and
carcinogenic potential [29].

In  conclusion,  combination  of  CHX  and  NaOCl  may  cause  some  color  changes  and  also  the  formation  of  an
insoluble precipitate may interfere with canal seal. The canal system can be dried using sterile paper points before the
final rinse by CHX.

5. INTERACTION BETWEEN NaOCl AND Alexidine (ALX)

ALX is a disinfectant with greater affinity for major virulence factors than CHX [30]. Kim et al. [31] showed that
the interaction of ALX and NaOCl cannot help for the formation of PCA which is an insoluble precipitate. The color of
the reacted solution changed transparent with decreasing ALX concentration. Ruiz-Linares et al. [32] in 2017 showed
that comparing 2% ALX, 2.5% NaOCl killed bacteria significantly more efficiently when used against polymicrobial
mature biofilm. Cetrimide improved the antimicrobial activity of CHX and ALX. In another study published in 2017,
Bukhary and Balto [33] showed greater antimicrobial activity of NaOCl against E. faecalis compared with CHX and
ALX.

6. INTERACTION BETWEEN NaOCl AND CA

It has been shown that good results may be obtained by the association of NaOCl to CA in permanent teeth [34 -
36]. This combination may allow better adaptation of root canal filling materials to the canal walls. Furthermore, this
application may results in better disinfection of the canals compared to usage of each of them used separately [37]. This
may be due to the fact that CA can open dentine tubules, thus results in better penetration of filling materials [36, 38,
39].

Zehnder et al. [40] concluded that the addition of 10% CA to 1% NaOCl may result in pH between 1.8 and 4.3.
They also showed that when NaOCl was mixed with CA, free chlorine decreased immediately. Baumgartner and Ibay
[41] showed that when CA was combined with NaOCl, more chlorine may be detectable and also present at further
distance compared to adding EDTA.

7. INTERACTION BETWEEN NaOCl AND Maleic Acid (MA)

MA is used as a conditioner in dental adhesives [42]. For smear layer removal, it has been shown that 7% MA is
significantly better than 17% EDTA [5]. Also, 7% MA is less cytotoxic comparing 17% EDTA [43].

There  is  only  one  study  on  the  interaction  between  NaOCl  and  MA.  Chandak  et  al.  [44]  showed  that  the
combination  of  7%  maleic  acid  and  5%  NaOCl  significantly  reduced  the  available  free  chlorine.

8. NaOCl AND SURFACTANTS

High surface tension is one of the major drawbacks of NaOCl. Adding surfactants increase the ability of NaOCl to
penetrate the main canal and canal irregularities in vitro [45, 46]. Combination of NaOCl and ethanol moved further in
the capillary tubes comparing NaOCl alone, depending on the amount of ethanol in the combinations [46].
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Stojicic et al. [47] concluded that NaOCl combined with surface active agents shows lowest contact angle on dentin
and is most effective in dissolution of the soft tissue. Another study demonstrated that the addition of surfactant alone
did not appear to improve the abilities of NaOCl to dissolve dental pulp tissue [48]. Williamson et al. [49] revealed that
adding 0.1% cetrimide to 2% NaOCl increased its antibacterial activity.

Another issue is the effect of surfactants on the stability of NaOCl. Adding surfactants modifies the stability of
NaOCl [46, 50]. Ethanol reduces the free available chlorine (FAC). Adding 50% ethanol to 2% NaOCl, the solutions
are almost depleted from their FAC in 15 min; however, 30% ethanol combination shows 70% loss after 30 min [46].
Clarkson et al. [51] evaluated influence of surfactants on chlorine loss of NaOCl due to interactions with EDTA and
concluded  that  products  containing  surface-active  agents  show  lower  FAC  reduction  at  some  dilutions.  Studies
regarding  the  effect  of  surfactants  on  the  tissue  solubility  of  NaOCl  are  controversial.

Cameron  et  al.  [50]  showed that  surfactant  had  no  significant  effect  on  the  tissue  dissolving  ability  of  NaOCl.
Furthermore, another study showed that reduced surface tension cannot cause greater soft tissue dissolution by NaOCl
[52]. However, a study revealed that NaOCl preparations containing surface active agents dissolved soft tissue more
rapidly than NaOCl containing no surfactant [53]. In addition, Clarkson et al. [48] showed that reduced surface tension
improved solubility of bovine pulp tissue.

9. OCTENIDINE-BASED SOLUTION

Octenisept (OCT; Schülke & Mayr, Nordersdedt, Germany) is an antimicrobial/antibiofilm agent can be potentially
combined with NaOCl during root canal treatment. A recent study showed that the whitish precipitate formed with the
NaOCl-OCT  mixture  was  identified  as  phenoxyethanol,  a  compound  already  present  in  OCT,  and  it  may  occlude
dentinal tubules [54].

Bukhary and Balto [33] showed greater antimicrobial activity of NaOCl against E. faecalis compared with OCT.
OCT was more effective than CHX.

10. CHLOR-XTRA

Chlor-XTRA  is  a  new  NaOCl-based  irrigation  solution  composed  of  5.85%  NaOCl  and  a  detergent  to  reduce
surface tension. Its appearance is clear light yellow green. It is completely soluble in water with a chlorine-like odour. It
is 2.6 times more digestive than regular NaOCl. Furthermore, its wetting ability is 2.5 times greater than regular NaOCl
[55]. Recently, using agar diffusion method, Mohammadi et al. [56] demonstrated that Chlor-XTRA was more effective
against Actinomyces israelii compared to NaOCl, CHX, Tetraclean and Hypoclean.

Jungbluth  et  al.  [52]  showed  that  chemical  assessment  of  different  bottles  of  Chlor-Xtra  has  different  chlorine
content. Stojicic et al. [57] showed that Chlor-XTRA dissolved significantly more tissue than other solutions in every
concentration.

11. HYPOCLEAN

A new modified NaOCl solution (Hypoclean) has been introduced by Giardino. This solution is a detergents-based
irrigant composed of 5.25% NaOCl and 2 detergents [58]. Recently, Mohammadi et al. [56] showed that Hypoclean is
more effective against C. albicans, P. aeroginosa, and L. casei than NaOCl, CHX, Tetraclean, and Chlor-XTRA.

12. SYNERGISM BETWEEN Calcium Hydroxide (Ca(OH)2) AND NaOCl

Root canals cannot be cleaned by physical instruments alone. Chemicals can help to supplement this procedure.
Irrigation with NaOCl and intracanal placement of Ca(OH)2 are samples of such usage that utilize chemicals with the
aim of facilitating the tissue remnant removal [59].

Some controversies have been reported regarding the synergistic effects of Ca(OH)2 and NaOCl. Hasselgren et al.
[60] showed that Ca(OH)2 paste has the ability of tissue dissolving after 12 days. They also showed an increase in tissue
dissolving  of  NaOCl  after  pretreatment  with  Ca(OH)2  for  30  minutes  up  to  7  days.  In  another  study,  Metzler  and
Montgomery [61] concluded that pretreatment with a hard-setting Ca(OH)2 paste for 7 days followed by irrigation with
NaOCl can clean canal isthmuses better than hand mechanical preparation alone. Yang et al. [59] showed that both
NaOCl and Ca(OH)2 partially dissolved pulp tissue. The anaerobic environment could not alter the tissue dissolving
property. Wadachi et al. [62] also showed that the amount of debris was reduced in teeth treated with Ca(OH)2 for seven



A Review Over Benefits and Drawbacks The Open Dentistry Journal, 2017, Volume 11   665

days or NaOCl for >30 seconds. Combination of NaOCl and Ca(OH)2 was more effective than separate protocols. On
the other hand, some researches have shown that Ca(OH)2 may be ineffective for pulpal tissue dissolving. Morgan et al.
[63]  also  showed  the  minor  effect  of  Ca(OH)2  for  tissue  dissolving.  In  summary,  it  seems  that  pretreatment  with
Ca(OH)2 medicament may increase the tissue dissolving effect of NaOCl.

13. INTERACTION BETWEEN NaOCl AND MTA

MTA has been produced as gray and white MTA; both with the base of Portland cement. Hydrophilic powder needs
some  moisture  for  optimal  setting.  Traditionally,  MTA  powder  is  mixed  with  supplied  sterile  water  in  a  3:1
powder/liquid  ratio.  Different  liquids  have  been  suggested  for  mixing  with  the  MTA  powder  [64  -  66].

Using differential scanning calorimetry, Zapf et al. [67] concluded that NaOCl and lidocaine may be detrimental to
MTA reaction product formation. According to Camilleri [68], immersion of white MTA and bismuth oxide in NaOCl
may result in dark discoloration.

Ballester-Palacios et al. [69] showed that 5% NaOCl significantly reduces the surface roughness of Portland cement.
It also lowered the MTA roughness.

Al-Anezi et al [70]. showed that adding NaOCl to MTA improved the handling properties and decreased setting
time. Jafarnia et al. [71] assessed the effect of NaOCl on the cytotoxicity of MTA and found that 3% NaOCl increased
the toxicity of MTA against L929 cell.

CONCLUSION

According to this study and other documents [72 - 77], it can be concluded that:

Due to the excellent antimicrobial activity and tissue solubility, NaOCl is the most common irrigation solution1.
in endodontics. However, it has some drawbacks such as inability to remove smear layer. One of the drawbacks
of NaOCl is its inability to remove the smear layer and lack of substantivity. Therefore, the adjunctive use of
other materials has been suggested to improve its efficacy.
Combining NaOCl with EDTA decreases free available chlorine dramatically. However, using EDTA or CA2.
was suggested removing the smear layer associated with mechanical instrumentation.
Combination  of  CHX  and  NaOCl  has  been  suggested  to  enhance  their  antibacterial  activity  and  induce3.
substantivity.
Combining NaOCl with MA and CA reduces free available chlorine.4.
Regarding adding surfactants to NaOCl, studies regarding the effect of surfactants on the tissue solubility of5.
NaOCl are controversial. However, surfactants reduce free available chlorine in NaOCl solutions.
Pretreatment with Ca(OH)2 may enhance the ability of tissue dissolving of NaOCl.6.
NaOCl is detrimental to MTA reaction product formation. Furthermore, immersion of white MTA in NaOCl7.
may  result  in  the  formation  of  brown  discoloration.  In  addition,  NaOCl  significantly  lowers  the  surface
roughness of MTA, decreases its setting time, improves its handling properties and increases its cytotoxicity.
Combining NaOCl with some other irrigating solutions such as MTAD, oxygen peroxide, and strong acids (like8.
phosphoric acid and nitric acid) should be studied in the future.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Mohammadi Z. Chemomechanical strategies to manage endodontic infections. Dent Today 2010; 29(2): 91-2.
[PMID: 20196338]

http://www.ncbi.nlm.nih.gov/pubmed/20196338


666   The Open Dentistry Journal, 2017, Volume 11 Mohammadi et al.

[2] Zehnder M. Root canal irrigants. J Endod 2006; 32(5): 389-98.
[http://dx.doi.org/10.1016/j.joen.2005.09.014] [PMID: 16631834]

[3] Mohammadi Z. Sodium hypochlorite in endodontics: An update review. Int Dent J 2008; 58(6): 329-41.
[http://dx.doi.org/10.1111/j.1875-595X.2008.tb00354.x] [PMID: 19145794]

[4] Mohammadi Z, Giardino L, Palazzi F, Asgary S. Agonistic and Antagonistic interaction between chlorhexidine and other endodontic agents:
A critical review Iran Endod J 2015; 10(1): 1-5.

[5] Mohammadi Z, Shalavi S, Jafarzadeh H. Ethylenediaminetetraacetic acid in endodontics. Eur J Dent 2013; 7(Suppl. 1): S135-42.
[http://dx.doi.org/10.4103/1305-7456.119091] [PMID: 24966721]

[6] Götze GdaR, Cunha CB, Primo LS, Maia LC. Effect of the sodium hypochlorite and citric acid association on smear layer removal of primary
molars. Braz Oral Res 2005; 19(4): 261-6.
[http://dx.doi.org/10.1590/S1806-83242005000400005] [PMID: 16491253]

[7] Mohammadi Z, Giardino L, Mombeinipour A. Antibacterial  substantivity of a new antibiotic-based endodontic irrigation solution.  Aust
Endod J 2012; 38(1): 26-30.
[http://dx.doi.org/10.1111/j.1747-4477.2010.00263.x] [PMID: 22432823]

[8] Mohammadi Z, Abbott PV. Antimicrobial substantivity of root canal irrigants and medicaments: A review. Aust Endod J 2009; 35(3): 131-9.
[http://dx.doi.org/10.1111/j.1747-4477.2009.00164.x] [PMID: 19961451]

[9] 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; 38(4): 426-31.
[http://dx.doi.org/10.1016/j.joen.2012.01.006] [PMID: 22414823]

[10] Zehnder M, Schmidlin P, Sener B, Waltimo T. Chelation in root canal therapy reconsidered. J Endod 2005; 31(11): 817-20.
[http://dx.doi.org/10.1097/01.don.0000158233.59316.fe] [PMID: 16249726]

[11] Irala LE, Grazziotin-Soares R, Salles AA, Munari AZ, Pereira JS. Dissolution of bovine pulp tissue in solutions consisting of varying NaOCl
concentrations and combined with EDTA. Braz Oral Res 2010; 24(3): 271-6.
[http://dx.doi.org/10.1590/S1806-83242010000300003] [PMID: 20877962]

[12] Baumgartner JC, Ibay AC. The chemical reactions of irrigants used for root canal debridement. J Endod 1987; 13(2): 47-51.
[http://dx.doi.org/10.1016/S0099-2399(87)80153-X] [PMID: 3104525]

[13] Clarkson RM, Podlich HM, Moule AJ. Influence of ethylenediaminetetraacetic acid on the active chlorine content of sodium hypochlorite
solutions when mixed in various proportions. J Endod 2011; 37(4): 538-43.
[http://dx.doi.org/10.1016/j.joen.2011.01.018] [PMID: 21419305]

[14] Girard S, Paqué F, Badertscher M, Sener B, Zehnder M. Assessment of a gel-type chelating preparation containing 1-hydroxyethylidene-1, 1-
bisphosphonate. Int Endod J 2005; 38(11): 810-6.
[http://dx.doi.org/10.1111/j.1365-2591.2005.01021.x] [PMID: 16218973]

[15] Grawehr M, Sener B, Waltimo T, Zehnder M. Interactions of ethylenediamine tetraacetic acid with sodium hypochlorite in aqueous solutions.
Int Endod J 2003; 36(6): 411-7.
[http://dx.doi.org/10.1046/j.1365-2591.2003.00670.x] [PMID: 12801288]

[16] Saquy PC, Maia Campos G, Sousa Neto MD, Guimarães LF, Pécora JD. Evaluation of chelating action of EDTA in association with Dakin’s
solution. Braz Dent J 1994; 5(1): 65-70.
[PMID: 7833645]

[17] Prado M, Simão RA, Gomes BP. Impact of different irrigation protocols on resin sealer bond strength to dentin. J Endod 2013; 39: 505-10.
[http://dx.doi.org/10.1016/j.joen.2012.11.050] [PMID: 23522546]

[18] Basrani BR, Manek S, Sodhi RN, Fillery E, Manzur A. Interaction between sodium hypochlorite and chlorhexidine gluconate. J Endod 2007;
33(8): 966-9.
[http://dx.doi.org/10.1016/j.joen.2007.04.001] [PMID: 17878084]

[19] Thomas  JE,  Sem  DS.  An  in  vitro  spectroscopic  analysis  to  determine  whether  para-chloroaniline  is  produced  from  mixing  sodium
hypochlorite and chlorhexidine. J Endod 2010; 36(2): 315-7.
[http://dx.doi.org/10.1016/j.joen.2009.10.028] [PMID: 20113799]

[20] Nowicki JB, Sem DS. An in vitro spectroscopic analysis to determine the chemical composition of the precipitate formed by mixing sodium
hypochlorite and chlorhexidine. J Endod 2011; 37(7): 983-8.
[http://dx.doi.org/10.1016/j.joen.2011.03.033] [PMID: 21689556]

[21] Marchesan  MA,  Pasternak  Júnior  B,  Afonso  MM,  Sousa-Neto  MD,  Paschoalato  C.  Chemical  analysis  of  the  flocculate  formed  by  the
association of sodium hypochlorite and chlorhexidine. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007; 103(5): e103-5.
[http://dx.doi.org/10.1016/j.tripleo.2006.11.008] [PMID: 17317234]

[22] Basrani BR, Manek S, Mathers D, Fillery E, Sodhi RN. Determination of 4-chloroaniline and its derivatives formed in the interaction of
sodium hypochlorite and chlorhexidine by using gas chromatography. J Endod 2010; 36(2): 312-4.
[http://dx.doi.org/10.1016/j.joen.2009.10.031] [PMID: 20113798]

[23] Krishnamurthy  S,  Sudhakaran  S.  Evaluation  and  prevention  of  the  precipitate  formed  on  interaction  between  sodium  hypochlorite  and

http://dx.doi.org/10.1016/j.joen.2005.09.014
http://www.ncbi.nlm.nih.gov/pubmed/16631834
http://dx.doi.org/10.1111/j.1875-595X.2008.tb00354.x
http://www.ncbi.nlm.nih.gov/pubmed/19145794
http://dx.doi.org/10.4103/1305-7456.119091
http://www.ncbi.nlm.nih.gov/pubmed/24966721
http://dx.doi.org/10.1590/S1806-83242005000400005
http://www.ncbi.nlm.nih.gov/pubmed/16491253
http://dx.doi.org/10.1111/j.1747-4477.2010.00263.x
http://www.ncbi.nlm.nih.gov/pubmed/22432823
http://dx.doi.org/10.1111/j.1747-4477.2009.00164.x
http://www.ncbi.nlm.nih.gov/pubmed/19961451
http://dx.doi.org/10.1016/j.joen.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22414823
http://dx.doi.org/10.1097/01.don.0000158233.59316.fe
http://www.ncbi.nlm.nih.gov/pubmed/16249726
http://dx.doi.org/10.1590/S1806-83242010000300003
http://www.ncbi.nlm.nih.gov/pubmed/20877962
http://dx.doi.org/10.1016/S0099-2399(87)80153-X
http://www.ncbi.nlm.nih.gov/pubmed/3104525
http://dx.doi.org/10.1016/j.joen.2011.01.018
http://www.ncbi.nlm.nih.gov/pubmed/21419305
http://dx.doi.org/10.1111/j.1365-2591.2005.01021.x
http://www.ncbi.nlm.nih.gov/pubmed/16218973
http://dx.doi.org/10.1046/j.1365-2591.2003.00670.x
http://www.ncbi.nlm.nih.gov/pubmed/12801288
http://www.ncbi.nlm.nih.gov/pubmed/7833645
http://dx.doi.org/10.1016/j.joen.2012.11.050
http://www.ncbi.nlm.nih.gov/pubmed/23522546
http://dx.doi.org/10.1016/j.joen.2007.04.001
http://www.ncbi.nlm.nih.gov/pubmed/17878084
http://dx.doi.org/10.1016/j.joen.2009.10.028
http://www.ncbi.nlm.nih.gov/pubmed/20113799
http://dx.doi.org/10.1016/j.joen.2011.03.033
http://www.ncbi.nlm.nih.gov/pubmed/21689556
http://dx.doi.org/10.1016/j.tripleo.2006.11.008
http://www.ncbi.nlm.nih.gov/pubmed/17317234
http://dx.doi.org/10.1016/j.joen.2009.10.031
http://www.ncbi.nlm.nih.gov/pubmed/20113798


A Review Over Benefits and Drawbacks The Open Dentistry Journal, 2017, Volume 11   667

chlorhexidine. J Endod 2010; 36(7): 1154-7.
[http://dx.doi.org/10.1016/j.joen.2010.01.012] [PMID: 20630289]

[24] Chhabra RS, Huff JE, Haseman JK, Elwell MR, Peters AC. Carcinogenicity of p-chloroaniline in rats and mice. Food Chem Toxicol 1991;
29(2): 119-24.
[http://dx.doi.org/10.1016/0278-6915(91)90166-5] [PMID: 2010141]

[25] Bui TB, Baumgartner JC, Mitchell JC. Evaluation of the interaction between sodium hypochlorite and chlorhexidine gluconate and its effect
on root dentin. J Endod 2008; 34(2): 181-5.
[http://dx.doi.org/10.1016/j.joen.2007.11.006] [PMID: 18215677]

[26] Valera MC, Chung A, Menezes MM, et al. Scanning electron microscope evaluation of chlorhexidine gel and liquid associated with sodium
hypochlorite cleaning on the root canal walls. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010; 110(5): e82-7.
[http://dx.doi.org/10.1016/j.tripleo.2010.04.051] [PMID: 20692188]

[27] Akisue E, Tomita VS, Gavini G, Poli de Figueiredo JA. Effect of the combination of sodium hypochlorite and chlorhexidine on dentinal
permeability and scanning electron microscopy precipitate observation. J Endod 2010; 36(5): 847-50.
[http://dx.doi.org/10.1016/j.joen.2009.11.019] [PMID: 20416431]

[28] Vivacqua-Gomes N, Ferraz CC, Gomes BP, Zaia AA, Teixeira FB, Souza-Filho FJ. Influence of irrigants on the coronal microleakage of
laterally condensed gutta-percha root fillings. Int Endod J 2002; 35(9): 791-5.
[http://dx.doi.org/10.1046/j.1365-2591.2002.00569.x] [PMID: 12449031]

[29] Patil  P,  Aminoshariae  A,  Harding  J,  Montagnese  TA,  Mickel  A.  Determination  of  mutagenicity  of  the  precipitate  formed  by  sodium
hypochlorite and chlorhexidine using the Ames test. Aust Endod J 2016; 42(1): 16-21.
[http://dx.doi.org/10.1111/aej.12100] [PMID: 25612244]

[30] Barrios R, Ferrer-Luque CM, Arias-Moliz MT, Ruiz-Linares M, Bravo M, Baca P. Antimicrobial substantivity of alexidine and chlorhexidine
in dentin. J Endod 2013; 39(11): 1413-5.
[http://dx.doi.org/10.1016/j.joen.2013.07.038] [PMID: 24139264]

[31] Kim HS, Zhu Q, Baek SH, et al. Chemical interaction of alexidine and sodium hypochlorite. J Endod 2012; 38(1): 112-6.
[http://dx.doi.org/10.1016/j.joen.2011.10.003] [PMID: 22152633]

[32] Ruiz-Linares M, Aguado-Pérez B, Baca P, Arias-Moliz MT, Ferrer-Luque CM. Efficacy of antimicrobial solutions against polymicrobial root
canal biofilm. Int Endod J 2017; 50(1): 77-83.
[http://dx.doi.org/10.1111/iej.12598] [PMID: 26660494]

[33] Bukhary S, Balto H. Antibacterial efficacy of octenisept, alexidine, chlorhexidine, and sodium hypochlorite against Enterococcus faecalis
biofilms. J Endod 2017; 43(4): 643-7.
[http://dx.doi.org/10.1016/j.joen.2016.09.013] [PMID: 28258812]

[34] Baumgartner JC, Mader CL. A scanning electron microscopic evaluation of four root canal irrigation regimens. J Endod 1987; 13(4): 147-57.
[http://dx.doi.org/10.1016/S0099-2399(87)80132-2] [PMID: 3106553]

[35] Calas P, Rochd T, Michel G. In vitro attachment of Streptococcus sanguis to the dentin of the root canal. J Endod 1994; 20(2): 71-4.
[http://dx.doi.org/10.1016/S0099-2399(06)81184-2] [PMID: 8006568]

[36] Salama FS, Abdelmegid FY. Six percent citric acid better than hydrogen peroxide in removing smear layer: An in vitro pilot study. Pediatr
Dent 1994; 16(6): 424-6.
[PMID: 7854949]

[37] Scelza MF, Antoniazzi JH, Scelza P. Efficacy of final irrigation--a scanning electron microscopic evaluation. J Endod 2000; 26(6): 355-8.
[http://dx.doi.org/10.1097/00004770-200006000-00011] [PMID: 11199754]

[38] Wayman BE, Kopp WM, Pinero GJ, Lazzari EP. Citric and lactic acids as root canal irrigants in vitro. J Endod 1979; 5(9): 258-65.
[http://dx.doi.org/10.1016/S0099-2399(79)80171-5] [PMID: 297768]

[39] Gutiérrez JH, Jofré A, Villena F. Scanning electron microscope study on the action of endodontic irrigants on bacteria invading the dentinal
tubules. Oral Surg Oral Med Oral Pathol 1990; 69(4): 491-501.
[http://dx.doi.org/10.1016/0030-4220(90)90385-6] [PMID: 2326039]

[40] Zehnder M, Schicht O, Sener B, Schmidlin P. Reducing surface tension in endodontic chelator solutions has no effect on their ability to
remove calcium from instrumented root canals. J Endod 2005; 31(8): 590-2.
[http://dx.doi.org/10.1097/01.don.0000152300.44990.6d] [PMID: 16044042]

[41] Baumgartner JC, Ibay AC. The chemical reactions of irrigants used for root canal debridement. J Endod 1987; 13(2): 47-51.
[http://dx.doi.org/10.1016/S0099-2399(87)80153-X] [PMID: 3104525]

[42] James MN, Williams GJ. A refinement of the crystal structure of maleic acid. Acta Crystallogr 1974; B30: 1249-75.
[http://dx.doi.org/10.1107/S0567740874004626]

[43] Prabhu SG, Rahim N, Bhat KS, et al. Comparison of removal of endodontic smear layer using sodium hypochlorite, EDTA and different
concentrations of maleic acid: A SEM study. Endodontol 2003; 15: 20-5.

[44] Chandak M, Bodhankar A, Pattanaik N. Chemical interaction of 7% MA with 2% CHX and 5% Naocl: An in vitro study. IOSR J Dent Med
Sci 2013; 8: 79-82.
[http://dx.doi.org/10.9790/0853-0867982]

http://dx.doi.org/10.1016/j.joen.2010.01.012
http://www.ncbi.nlm.nih.gov/pubmed/20630289
http://dx.doi.org/10.1016/0278-6915(91)90166-5
http://www.ncbi.nlm.nih.gov/pubmed/2010141
http://dx.doi.org/10.1016/j.joen.2007.11.006
http://www.ncbi.nlm.nih.gov/pubmed/18215677
http://dx.doi.org/10.1016/j.tripleo.2010.04.051
http://www.ncbi.nlm.nih.gov/pubmed/20692188
http://dx.doi.org/10.1016/j.joen.2009.11.019
http://www.ncbi.nlm.nih.gov/pubmed/20416431
http://dx.doi.org/10.1046/j.1365-2591.2002.00569.x
http://www.ncbi.nlm.nih.gov/pubmed/12449031
http://dx.doi.org/10.1111/aej.12100
http://www.ncbi.nlm.nih.gov/pubmed/25612244
http://dx.doi.org/10.1016/j.joen.2013.07.038
http://www.ncbi.nlm.nih.gov/pubmed/24139264
http://dx.doi.org/10.1016/j.joen.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/22152633
http://dx.doi.org/10.1111/iej.12598
http://www.ncbi.nlm.nih.gov/pubmed/26660494
http://dx.doi.org/10.1016/j.joen.2016.09.013
http://www.ncbi.nlm.nih.gov/pubmed/28258812
http://dx.doi.org/10.1016/S0099-2399(87)80132-2
http://www.ncbi.nlm.nih.gov/pubmed/3106553
http://dx.doi.org/10.1016/S0099-2399(06)81184-2
http://www.ncbi.nlm.nih.gov/pubmed/8006568
http://www.ncbi.nlm.nih.gov/pubmed/7854949
http://dx.doi.org/10.1097/00004770-200006000-00011
http://www.ncbi.nlm.nih.gov/pubmed/11199754
http://dx.doi.org/10.1016/S0099-2399(79)80171-5
http://www.ncbi.nlm.nih.gov/pubmed/297768
http://dx.doi.org/10.1016/0030-4220(90)90385-6
http://www.ncbi.nlm.nih.gov/pubmed/2326039
http://dx.doi.org/10.1097/01.don.0000152300.44990.6d
http://www.ncbi.nlm.nih.gov/pubmed/16044042
http://dx.doi.org/10.1016/S0099-2399(87)80153-X
http://www.ncbi.nlm.nih.gov/pubmed/3104525
http://dx.doi.org/10.1107/S0567740874004626
http://dx.doi.org/10.9790/0853-0867982


668   The Open Dentistry Journal, 2017, Volume 11 Mohammadi et al.

[45] Abou-Rass M, Patonai FJ Jr. The effects of decreasing surface tension on the flow of irrigating solutions in narrow root canals. Oral Surg Oral
Med Oral Pathol 1982; 53(5): 524-6.
[http://dx.doi.org/10.1016/0030-4220(82)90470-4] [PMID: 6808432]

[46] Cunningham WT, Cole JS III, Balekjian AY. Effect of alcohol on the spreading ability of sodium hypochlorite endodontic irrigant. Oral Surg
Oral Med Oral Pathol 1982; 54(3): 333-5.
[http://dx.doi.org/10.1016/0030-4220(82)90105-0] [PMID: 6957829]

[47] Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue dissolution by sodium hypochlorite: effect of concentration, temperature,
agitation, and surfactant. J Endod 2010; 36(9): 1558-62.
[http://dx.doi.org/10.1016/j.joen.2010.06.021] [PMID: 20728727]

[48] Clarkson RM, Kidd B, Evans GE, Moule AJ. The effect of surfactant on the dissolution of porcine pulpal tissue by sodium hypochlorite
solutions. J Endod 2012; 38(9): 1257-60.
[http://dx.doi.org/10.1016/j.joen.2012.05.013] [PMID: 22892746]

[49] Williamson AE, Cardon JW, Drake DR. Antimicrobial susceptibility of monoculture biofilms of a clinical isolate of Enterococcus faecalis. J
Endod 2009; 35(1): 95-7.
[http://dx.doi.org/10.1016/j.joen.2008.09.004] [PMID: 19084133]

[50] Cameron JA. The effect of a fluorocarbon surfactant on the surface tension of the endodontic irrigant, sodium hypochlorite. A preliminary
report. Aust Dent J 1986; 31(5): 364-8.
[http://dx.doi.org/10.1111/j.1834-7819.1986.tb01224.x] [PMID: 3030248]

[51] Clarkson RM, Podlich HM, Moule AJ. Influence of ethylenediaminetetraacetic acid on the active chlorine content of sodium hypochlorite
solutions when mixed in various proportions. J Endod 2011; 37(4): 538-43.
[http://dx.doi.org/10.1016/j.joen.2011.01.018] [PMID: 21419305]

[52] Jungbluth H, Peters C, Peters O, Sener B, Zehnder M. Physicochemical and pulp tissue dissolution properties of some household bleach
brands compared with a dental sodium hypochlorite solution. J Endod 2012; 38(3): 372-5.
[http://dx.doi.org/10.1016/j.joen.2011.12.013] [PMID: 22341077]

[53] Clarkson RM, Moule AJ, Podlich H, et al. Dissolution of porcine incisor pulps in sodium hypochlorite solutions of varying compositions and
concentrations. Aust Dent J 2006; 51(3): 245-51.
[http://dx.doi.org/10.1111/j.1834-7819.2006.tb00437.x] [PMID: 17037892]

[54] Thaha KA, Varma RL, Nair MG, Sam Joseph VG, Krishnan U. Interaction between Octenidine-based solution and sodium hypochlorite: A
mass spectroscopy, proton nuclear magnetic resonance, and scanning electron microscopy-based observational study. J Endod 2017; 43(1):
135-40.
[http://dx.doi.org/10.1016/j.joen.2016.09.015] [PMID: 27939737]

[55] Wang Z, Shen Y, Ma J, Haapasalo M. The effect of detergents on the antibacterial activity of disinfecting solutions in dentin. J Endod 2012;
38(7): 948-53.
[http://dx.doi.org/10.1016/j.joen.2012.03.007] [PMID: 22703659]

[56] Mohammadi Z, Shalavi S, Giardino L, Palazzi F, Mashouf RY, Soltanian A. Antimicrobial effect of three new and two established root canal
irrigation solutions. Gen Dent 2012; 60(6): 534-7.

[57] Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue dissolution by sodium hypochlorite: Effect of concentration, temperature,
agitation, and surfactant. J Endod 2010; 36(9): 1558-62.
[http://dx.doi.org/10.1016/j.joen.2010.06.021] [PMID: 20728727]

[58] Mohammadi Z, Mombeinipour A, Giardino L, Shahriari S. Residual antibacterial activity of a new modified sodium hypochlorite-based
endodontic irrigation solution. Med Oral Patol Oral Cir Bucal 2011; 16(4): e588-92.
[http://dx.doi.org/10.4317/medoral.16.e588] [PMID: 21196865]

[59] Yang SF, Rivera EM, Baumgardner KR, Walton RE, Stanford C. Anaerobic tissue-dissolving abilities of calcium hydroxide and sodium
hypochlorite. J Endod 1995; 21(12): 613-6.
[http://dx.doi.org/10.1016/S0099-2399(06)81114-3] [PMID: 8596083]

[60] Hasselgren G, Olsson B, Cvek M. Effects of calcium hydroxide and sodium hypochlorite on the dissolution of necrotic porcine muscle tissue.
J Endod 1988; 14(3): 125-7.
[http://dx.doi.org/10.1016/S0099-2399(88)80212-7] [PMID: 3268627]

[61] Metzler RS, Montgomery S. Effectiveness of ultrasonics and calcium hydroxide for the debridement of human mandibular molars. J Endod
1989; 15(8): 373-8.
[http://dx.doi.org/10.1016/S0099-2399(89)80076-7] [PMID: 2637330]

[62] Wadachi R, Araki K, Suda H. Effect of calcium hydroxide on the dissolution of soft tissue on the root canal wall. J Endod 1998; 24(5):
326-30.
[http://dx.doi.org/10.1016/S0099-2399(98)80128-3] [PMID: 9641107]

[63] Morgan RW, Carnes DL Jr, Montgomery S. The solvent effects of calcium hydroxide irrigating solution on bovine pulp tissue. J Endod 1991;
17(4): 165-8.
[http://dx.doi.org/10.1016/S0099-2399(06)82010-8] [PMID: 1940735]

http://dx.doi.org/10.1016/0030-4220(82)90470-4
http://www.ncbi.nlm.nih.gov/pubmed/6808432
http://dx.doi.org/10.1016/0030-4220(82)90105-0
http://www.ncbi.nlm.nih.gov/pubmed/6957829
http://dx.doi.org/10.1016/j.joen.2010.06.021
http://www.ncbi.nlm.nih.gov/pubmed/20728727
http://dx.doi.org/10.1016/j.joen.2012.05.013
http://www.ncbi.nlm.nih.gov/pubmed/22892746
http://dx.doi.org/10.1016/j.joen.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/19084133
http://dx.doi.org/10.1111/j.1834-7819.1986.tb01224.x
http://www.ncbi.nlm.nih.gov/pubmed/3030248
http://dx.doi.org/10.1016/j.joen.2011.01.018
http://www.ncbi.nlm.nih.gov/pubmed/21419305
http://dx.doi.org/10.1016/j.joen.2011.12.013
http://www.ncbi.nlm.nih.gov/pubmed/22341077
http://dx.doi.org/10.1111/j.1834-7819.2006.tb00437.x
http://www.ncbi.nlm.nih.gov/pubmed/17037892
http://dx.doi.org/10.1016/j.joen.2016.09.015
http://www.ncbi.nlm.nih.gov/pubmed/27939737
http://dx.doi.org/10.1016/j.joen.2012.03.007
http://www.ncbi.nlm.nih.gov/pubmed/22703659
http://dx.doi.org/10.1016/j.joen.2010.06.021
http://www.ncbi.nlm.nih.gov/pubmed/20728727
http://dx.doi.org/10.4317/medoral.16.e588
http://www.ncbi.nlm.nih.gov/pubmed/21196865
http://dx.doi.org/10.1016/S0099-2399(06)81114-3
http://www.ncbi.nlm.nih.gov/pubmed/8596083
http://dx.doi.org/10.1016/S0099-2399(88)80212-7
http://www.ncbi.nlm.nih.gov/pubmed/3268627
http://dx.doi.org/10.1016/S0099-2399(89)80076-7
http://www.ncbi.nlm.nih.gov/pubmed/2637330
http://dx.doi.org/10.1016/S0099-2399(98)80128-3
http://www.ncbi.nlm.nih.gov/pubmed/9641107
http://dx.doi.org/10.1016/S0099-2399(06)82010-8
http://www.ncbi.nlm.nih.gov/pubmed/1940735


A Review Over Benefits and Drawbacks The Open Dentistry Journal, 2017, Volume 11   669

[64] Mohammadi Z. Strategies to manage permanent non-vital teeth with open apices: A clinical update. Int Dent J 2011; 61(1): 25-30.
[http://dx.doi.org/10.1111/j.1875-595X.2011.00005.x] [PMID: 21382030]

[65] Roberts HW, Toth JM, Berzins DW, Charlton DG. Mineral trioxide aggregate material use in endodontic treatment: A review of the literature.
Dent Mater 2008; 24(2): 149-64.
[http://dx.doi.org/10.1016/j.dental.2007.04.007] [PMID: 17586038]

[66] Torabinejad M, Chivian N. Clinical applications of mineral trioxide aggregate. J Endod 1999; 25(3): 197-205.
[http://dx.doi.org/10.1016/S0099-2399(99)80142-3] [PMID: 10321187]

[67] Zapf AM, Chedella SC, Berzins DW. Effect of additives on mineral trioxide aggregate setting reaction product formation. J Endod 2015;
41(1): 88-91.
[http://dx.doi.org/10.1016/j.joen.2014.07.020] [PMID: 25218527]

[68] Camilleri J. Color stability of white mineral trioxide aggregate in contact with hypochlorite solution. J Endod 2014; 40(3): 436-40.
[http://dx.doi.org/10.1016/j.joen.2013.09.040] [PMID: 24565667]

[69] Ballester-Palacios  ML,  Berástegui-Jimeno  EM,  Parellada-Esquius  N,  Canalda-Sahli  C.  Interferometric  microscopy  study  of  the  surface
roughness of Portland cement under the action of different irrigants. Med Oral Patol Oral Cir Bucal 2013; 18(5): e817-21.
[http://dx.doi.org/10.4317/medoral.19082] [PMID: 23722143]

[70] AlAnezi AZ, Zhu Q, Wang YH, Safavi KE, Jiang J. Effect of selected accelerants on setting time and biocompatibility of mineral trioxide
aggregate (MTA). Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2011; 111(1): 122-7.
[http://dx.doi.org/10.1016/j.tripleo.2010.07.013] [PMID: 21176827]

[71] Jafarnia B, Jiang J, He J, Wang YH, Safavi KE, Zhu Q. Evaluation of cytotoxicity of MTA employing various additives. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2009; 107(5): 739-44.
[http://dx.doi.org/10.1016/j.tripleo.2009.01.009] [PMID: 19426924]

[72] Mohammadi Z, Jafarzadeh H, Shalavi S, Kinoshita JI. Unusual root canal irrigation solutions. J Contemp Dent Pract 2017; 18(5): 415-20.
[http://dx.doi.org/10.5005/jp-journals-10024-2057] [PMID: 28512283]

[73] Mohammadi Z, Jafarzadeh H, Shalavi S, Kinoshita JI. Photodynamic therapy in endodontics. J Contemp Dent Pract 2017; 18(6): 534-8.
[http://dx.doi.org/10.5005/jp-journals-10024-2079] [PMID: 28621288]

[74] Mohammadi Z, Jafarzadeh H, Shalavi S, Sahebalam R, Kinoshita JI. Additive and reducing effects between calcium hydroxide and current
irrigation solutions. J Contemp Dent Pract 2017; 18(3): 246-9.
[PMID: 28258273]

[75] Mohammadi Z, Shalavi S, Jafarzadeh H, Bhandi S, Patil S. Genotoxicity of endodontic materials: A critical review. J Contemp Dent Pract
2015; 16(8): 692-6.
[http://dx.doi.org/10.5005/jp-journals-10024-1742] [PMID: 26423507]

[76] Mohammadi Z, Jafarzadeh H, Shalavi S. Antimicrobial efficacy of chlorhexidine as a root canal irrigant: A literature review. J Oral Sci 2014;
56(2): 99-103.
[http://dx.doi.org/10.2334/josnusd.56.99] [PMID: 24930745]

[77] Bidar M, Hooshiar S, Naderinasab M, et al. Comparative study of the antimicrobial effect of three irrigant solutions (chlorhexidine, sodium
hypochlorite and chlorhexidinated MUMS). J Contemp Dent Pract 2012; 13(4): 436-9.
[http://dx.doi.org/10.5005/jp-journals-10024-1164] [PMID: 23151688]

© 2017 Mohammadi et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.1111/j.1875-595X.2011.00005.x
http://www.ncbi.nlm.nih.gov/pubmed/21382030
http://dx.doi.org/10.1016/j.dental.2007.04.007
http://www.ncbi.nlm.nih.gov/pubmed/17586038
http://dx.doi.org/10.1016/S0099-2399(99)80142-3
http://www.ncbi.nlm.nih.gov/pubmed/10321187
http://dx.doi.org/10.1016/j.joen.2014.07.020
http://www.ncbi.nlm.nih.gov/pubmed/25218527
http://dx.doi.org/10.1016/j.joen.2013.09.040
http://www.ncbi.nlm.nih.gov/pubmed/24565667
http://dx.doi.org/10.4317/medoral.19082
http://www.ncbi.nlm.nih.gov/pubmed/23722143
http://dx.doi.org/10.1016/j.tripleo.2010.07.013
http://www.ncbi.nlm.nih.gov/pubmed/21176827
http://dx.doi.org/10.1016/j.tripleo.2009.01.009
http://www.ncbi.nlm.nih.gov/pubmed/19426924
http://dx.doi.org/10.5005/jp-journals-10024-2057
http://www.ncbi.nlm.nih.gov/pubmed/28512283
http://dx.doi.org/10.5005/jp-journals-10024-2079
http://www.ncbi.nlm.nih.gov/pubmed/28621288
http://www.ncbi.nlm.nih.gov/pubmed/28258273
http://dx.doi.org/10.5005/jp-journals-10024-1742
http://www.ncbi.nlm.nih.gov/pubmed/26423507
http://dx.doi.org/10.2334/josnusd.56.99
http://www.ncbi.nlm.nih.gov/pubmed/24930745
http://dx.doi.org/10.5005/jp-journals-10024-1164
http://www.ncbi.nlm.nih.gov/pubmed/23151688
https://creativecommons.org/licenses/by/4.0/legalcode

	A Review Over Benefits and Drawbacks of Combining Sodium Hypochlorite with Other Endodontic Materials 
	[Introduction:]
	Introduction:
	Objective:
	Discussion:
	Conclusion:

	1. INTRODUCTION
	2. RATIONALE FOR COMBINING SODIUM HYPOCHLORITE (NaOCl) AND OTHER IRRIGANTS
	3. INTERACTION BETWEEN NaOCl AND EDTA
	4. INTERACTION BETWEEN CHX AND NaOCl
	5. INTERACTION BETWEEN NaOCl AND Alexidine (ALX)
	6. INTERACTION BETWEEN NaOCl AND CA
	7. INTERACTION BETWEEN NaOCl AND Maleic Acid (MA)
	8. NaOCl AND SURFACTANTS
	9. OCTENIDINE-BASED SOLUTION
	10. CHLOR-XTRA
	11. HYPOCLEAN
	12. SYNERGISM BETWEEN Calcium Hydroxide (Ca(OH)2) AND NaOCl
	13. INTERACTION BETWEEN NaOCl AND MTA
	CONCLUSION
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




