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Abstract:
Background: A successful Root Canal Therapy (RCT) is only possible when the disease causing organisms can either
eradicated or reduced to a count which is no longer able to cause infections within the canals. The complexity in the
morphology and design of the root canal also making it slightly difficult as compared to other dental surgeries. Chlorhexidine
is one of the commonly used antimicrobials and Calcium Hydroxide being a known pulp capping agent. There this
combination could eradicate the excess microorganisms causing secondary infection in pulp capping as well as endodontic
procedures. The aim of this study was to compare and study the effects of Chlorhexidine loaded Calcium Hydroxide as a
potential antimicrobial intracanal medicament.
Methods: A systematic review of the records containing studies comparing the efficacy of this combination or the individual
components in comparison to other intracanal medicaments. A literature review was performed using Pubmed, Elsevier
Science Direct, Cochrane library, Wiley online library and additional sources. A total of 128 articles were screened, out of
which only 6 articles were related to the topic of interest and were thoroughly studied for an outcome. Results: After
thoroughly studying the articles, it was found that the combination is indeed a very useful one in the field of conservative
dentistry and endodontics. Both the individual combinations are extremely strong, and its combination could improve the
prognosis of pulp capping and other endodontic therapies.
Conclusion: Chlorhexidine loaded Calcium Hydroxide can be used as pulp capping material. It can also be used as an
intracanal medicament in endodontic procedures.
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INTRODUCTION:

Microorganisms are considered to be the most important etiology behind pulpal, periapical and endodontic infections
along with Root Canal Therapy (RCT) failures. For a successful RCT, an intracanal medicament along with proper
instrumentation is a must. A medicament is an effective antimicrobial which is placed within a root canal to disinfect it
and prevent it from further secondary infections. It is known that along with the bacteria, the complex anatomy of root
canals also helps in harboring bacteria and supports their growth, multiplication and interaction. Calcium hydroxide has
been shown to not exert any antimicrobial property. MFor a successful endodontic treatment, the reduction or elimination
of infection is one of the most important criteria.?In Apical Periodontitis cases, infection can still persist post an
endodontic treatment in the dentinal tubules, lateral canals, secondary canals, apical delta ramifications, apical root
cementum surface that extends from the root canal lumen?

Calcium Hydroxide (CaOHZ2) is a chemically strong base with high pH (12.5-12.8). The main antimicrobial property is
the ability to release hydroxyl ions in an aqueous environment. It can cause protein denaturation and damage to bacterial
DNA and cytoplasmic membrane. ! Even though it has excellent properties such as tissue compatibility, antimicrobial
activity and ability to neutralize bacterial endotoxins, other components are often added to it to broaden its spectrum. !
Recent studies have shown that the combination of calcium hydroxide and Chlorhexidine (CHX) has good efficiency as a
potential antimicrobial agent.

Chlorhexidine is a broad spectrum antimicrobial which is quite commonly used as a mouthwash agent and has been
shown to have good efficiency against anaerobic organisms. It has properties like biocompatibility, substantivity and a
wide spectrum against bacteria, fungi and viruses including those present in root canals. ”JAs a root canal irrigant and
intracanal medication, CHX has an antimicrobial efficacy comparable with that of Sodium Hypochlorite' F!The
combination has also proven to be useful against CaOH2 resistant microorganisms. B! CaOH2 with 0.5% CHX has been
shown to eliminate Candida albicans ®IThis combination tested against bacterial species and was effective against
Enterococcus faecalis.™

E. faecalisis a normal inhabitant of the oral cavity. The prevalence of E. faecalis is increased in oral rinse samples from
patients receiving initial endodontic treatment, those midway through treatment, and patients receiving endodontic
retreatment when compared to those with no endodontic history. E. faecalis is associated with different forms of
periradicular disease including primary endodontic infections and persistent infections. [
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Previous studies have shown that not only is this combination effective against treatment, but also in retreatment
procedures like re-root canal therapies ™ It has been shown that CaOH2 applied at intervals of at least 7 days is able to
eliminate or reduce the bacterial count surviving even after biomechanical preparation’ It also helps in neutralizing
lipopolysachharides and helps in cleansing the root canal ®!Also, the main microorganisms E. faecalis is a very persistent
organism due to its ability to form biofilm, which makes them resistant to phagocytosis, antimicrobial agents and
antibodies. ®'Despite both these materials having their individual potentials, several microorganisms including E. faecalis
are resistant to their effects, making the combination a very interesting and important finding for good prognosis of root
canal therapies.

A very useful and convenient way of inserting this combination is in the form of a paste which can be loaded in gutta-
percha points which are used in root canal therapies. )Gutta Percha points impregnated with various root canal irrigants
have been tested in various studies to determine the efficiency. In all, any dental procedure should be aimed at good
prognosis of the affected site of the oral cavity along with maintaining an overall oral hygiene and systemic well being of
the patient. This systematic review aims at determining the efficacy of Chlorhexidine loaded Calcium Hydroxide
microparticles as antimicrobial intracanal medicament.

MATERIALS AND METHOD:

OBJECTIVE:
To characterize Chlorhexidine loaded Calcium Hydroxide as a potential antimicrobial intracanal medicament.

STUDY DESIGN:
“A SYSTEMATIC REVIEW ON CHLORHEXIDINE LOADED CALCIUM HYDROXIDE AS A POTENTIAL PULP
CAPPING MATERIAL.

INCLUSION CRITERIA:-

1. Studies containing Calcium Hydroxide and Chlorhexidine in combination were included.
2. In-vitro studies included.
3. Full text articles were included.

EXCLUSION CRITERIA:-

1. Review articles were excluded.

2. Avrticles emphasizing on Chlorhexidine were excluded.

3. Avrticles emphasizing on Calcium Hydroxide were excluded.
4. Randomized Control Trials were excluded.

SEARCH STRATEGY:-

Published articles were studied thoroughly for the characterization of Chlorhexidine loaded Calcium Hydroxide as a
potential pulp capping material. Articles from databases like Pubmed, Elsevier Science Direct, Cochrane library, Wiley
online library, scopus and additional sources were included in the study. The articles collected for analysis were searched
using MeSH terms “the characterization of Chlorhexidine loaded Calcium Hydroxide as a potential pulp capping material.
According to the guidelines, the terms were altered in every search engine to obtain results which varied from a few to too
many.

INCLUDED DATABASES:
-PUBMED
-ELSEIVER SCIENCE DIRECT
-COCHRANE LIBRARY
-WILEY ONLINE LIBRARY
-SCOPUS
-Other additional sources
RESULTS:
A total of 128 articles based on the topic were identified. Of these 93 were detected as duplicated and extracted. After
extraction of the duplicates, the remaining articles were screened thoroughly and 35 full text articles were independently
assessed. With the application of inclusion and exclusion criteria, 6 studies were included in the systematic review as
qualitative research. Figure 1 shows the flow diagram of the above work down.
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FIGURE 1: FLOW DIAGRAM SHOWING THE NUMBER OF STUDIES IDENTIFIED, SCREENED,
ASSESSED FOR ELIGIBILITY, EXCLUDED AND INCLUDED IN THE SYSTEMATIC REVIEW
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TABLE 1: CHARACTERISTICS OF THE INTERVENTIONS IN THE INCLUDED STUDY

AUTHOR YEAR SAMPLE SIZE GROUP CHARACTERISTICS INTERVENTION
G1-Ca(OH)2 mixed with unbuffered
isotonic saline. . . . All teeth were stored in 0.1% Thymol solution;
G2- unbuffered isotonic saline. :
80 Extracted G3- 0.5% CHX Digluconate Ca(OH)2 crowns were amputated till Cemento Enamel
Teeth, single ' Junction (CEJ), following which Root Canal
S. Haenni et al® 2003 rooted, canines E;Sted 506 Treatment was done. Teeth were then randomly
and premolars of - 0.5% CHX divided into 8 groups. The material was then
same diameter G5- 1% NaOCI + Ca(OH)2 paste. applied by lentulo spiral and solutions with 26
' G6-1% NaOClI dles
G7-,5% IPI+Ca(OH)2 paste. gauge needles.
G8-5% IPI
G1- 2% CHX gel.
G2- 0.2% CHX gel. The teeth were immersed in 0.5% NaOCI for 24
G3- 2% CHX aqueous solution. hours and after which uniform 6mm specimens
G4- Ca(OH)2 powder mixed with were produced after which the root canals were
98 Freshl vehicle gel. enlarged post which they were divided into the
Basrani et al® 2002 E tractedyTeeth G5-, calcium hydroxide mixed with mentioned groups. The solutions were filled upto
X ' 0.2% CHX gel. the entire length for 7 days post which E.faecalis
G6- 2% CHX solution with a single was inoculated for 21 days. After this dentin
25% CHX-containing CRD. samples were obtained for checking bacterial
G7- sterile saline. growth.
G8- vehicle gel alone.
G1- 2% CHX gel.
G1d- 2% CHX gel added of dentin The teeth were autoclaved after which they were
powder. cut perpendicularly till below the CEJ to obtain
G2- 2% CHX + Ca0H2 the dentin powder. After determining the pH of
Freire et al™® 2009 10 Bovine incisor | G2d- - 2% CHX + Ca0H2 added of the medicaments, dentin powder was added as
teeth. dentin powder. 1.8% of the total volume after which they were
G3- Ca0H2 + Propylene Glycol. divided into the groups. The pH was then
G3d- - CaOH2 + Propylene Glycol determined at different time intervals of 24h, 7,
added of dentin powder. 14 and 21 days.
G1- 2% CHX for 1 day.
G2- 2% CHX for 3 days. The teeth were disinfected using 5.25% NaOCI
G3- 2% CHX for 7 days. solution after which the canals were prepared
G4- CaOH2 + Distilled water for 1 day | using step-back technique. E.faecalis was then
100 extracted G5- CaOH2 + + Distilled water for 3 inoculated every 2 days except negative control
single rooted teeth days. o group._After this, sample§ were checked for
without caries G6- CaOH2+ Distilled water for 7 days. | bacterial growth post which the groups were
Sharifian et al*! 2008 - K ! G7- 2% CHX + Ca0H2 for 1 day. made and the intracanal medicament was
?;g:ttce):cqac sor G8- 2% CHX + Ca0H2 for 3 days. inoculated. After 1, 3, 7 days, intracanal
G9-2% CHX + Ca0H2 for 7 days. medicament was rinsed with 5ml of normal saline
curvatures. o .
Positive control group- normal saline and another sample was taken. The teeth were
(5 teeth) then taken out of the resin blocks, and dentin
Negative control group- no microbial chips were obtained which were inoculated in
suspension inoculated post autoclaving. | BHI Agar and growth was checked.
Post sterilization, all teeth were removed at CEJ
and root canal treatment was done. 200 pL of the
8% §§0H2+_0.12% CHX paste. bacterial culture was placed in the lumen of the
- Zinc Oxide Nanoparticle gel. . . - -
132 extracted G3- Zine Oxide + silver nano particles root canal with micropipette and incubated for 21
Samiei et all*? 2018 single rooted | P days and growth was checked using Scanning
teeth. %64'_ normal saline as control. Electron Mi'cr'osco_pe. After this, the tegth were
randomly divided into the groups and intracanal
medicament was placed within and bacterial
count was checked for 3, 7 and 14 days.
After extraction, the teeth were sterilized and root
According to auxiliary chemical canal treatment was done and the apex was sealed
. with resin. After distributing the teeth randomly,
substance used, 3 groups: h taminated with 10 WL of E. coli
G1- 2.5% NaoCl they were contaminated wi ML of E. coli
G2-2% CHX gel. suspension for 14 days and contam!natlon
120 extracted G3- pyrogen free solution. (f:pntf 'JW?‘;'%”.V{“ checked aftedr_whltch_ they v;/ere
Maekawa et al**! 2010 single rooted G4- pyrogen free saline as control. Irst divided Into groups according to Irrigan

teeth.

Further subdivided according to
intracanal medicament(ICM) used:
GA- CaOH2 paste.

GB-Polymyxin B

GC- CaOH2 paste with 2% CHX gel.

used and then according to ICM. The canals were
loaded with the material and kept for 14 days
after which the canal contents were collected and
the canal was loaded with saline and after 7 days
another sample was taken. After this, the
antimicrobial activity of the medicaments was
determined.

*CHX-Chlorhexidine, CaOH2-Calcium Hydroxide, IPI-lodine Potassium lodide, NaOCI-sodium hypochlorite.
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TABLE 1 shows the characteristics of intervention in the included studies. In all the 7 studies, the combination of calcium
hydroxide and chlorhexidine was evaluated in a controlled group which differed in sample size, and number of teeth used.

TABLE 2: OUTCOME DATA AS REPORTED IN INCLUDED STUDIES

AUTHOR YEAR OUTCOME RESULTS

-no significant difference found in the dentine thickness among

groups.

- No significant difference in OH ion penetration on removing

cementum.

- change in pH between test and control after 2 weeks (P < The mixture of CaOH2 and any irrigant
S. Haenni et al © 2003 0.05), at weeks 3 and 5 (P < 0.005) with it does not increase the antimicrobial

' - For CHX/CaOH2 group after 3 weeks and NaOCI/CaOH2 effect and has the same properties as

group after 5 weeks (P < 0.05). conventional CaOH2/ Saline.

- No significant difference in pH values measured for different

values of CaOH2 (P > 0.05).

- Inhibition zone did not differ as much on addition of CaOH2

(P > 0.05), larger areas were obtained with CHX alone.

The outcome was based on Optical Density values (OD) of the

broth.

G3, the inner samples had significantly lower OD values than

outer samples ((P < 0.04). R
B . B G4, the inner samples had significantly higher OD values than ob valugs show _the _|nab|I_|ty of CaOH2

asrani et al 2002 alone or in combination with CHX as a

outer samples ((P < 0.03). otent intracanal medicament

In other groups it did not differ much significantly. P '

Samples from groups 1,3 and 6 had significantly lower OD

values than those from groups 7 and 8(positive control) for

both samples.

Analysis was done in triplicate and pH values were recorded. . i

Results of paired student’s t-test showed:- Thg}ryygture oftc_:aOHZ a?hd an;;_lrr_lgargt_ I
Freire et al 1! 2009 Significant difference in G1d and G2d (P < 0.05). WIth It does not Increase the antimicrobia

effect and has the same properties
CaOH2/deionized water.

In negative control group, all samples were negative.

In positive control group, 38% decrease in E. faecalis was

observed. Statistically, neither the intracanal medicament nor Mixture of CaOH2/CHX had greater

- 1y the time was significantly effective in decreasing E. faecalis efficacy in removing E. faecalis

Sharifian et al 2008 colony (P>0.05). contamination provided the alkalinity is

In CaOH2/CHX, bacteria was completely removed in 1 week, | maintained.

there was no significant difference among the 3 medicaments

in dentin disinfection in varying time intervals (P>0.05).

There were no statistically significant differences among the

mean reduction in colony count (RCC) in different time

interval in each group (p=0.09). .

The significant difference was observed in the mean RCC of The mlxtrre %{?‘OHZ/CHX as anﬁ .
Samiei et al 2018 different dressing materials (P<0.001). Interaction between |ntraca}na me |cam_ent IS more e ective

. . T — than zinc oxide or zinc oxide/silver

time and material was significant (P=0.015). Mean RCC was nanoparticles

higher in group 1 than other groups (P<0.001). Antibacterial '

effect was not significant between groups 2 and 3 (P>0.05).

Group 4 had minimum antibacterial effect (P<0.0001).

In quantification of endotoxins, in the 1% and 2 collections,

NaOClI and CHX were similar to each other (p>0.05) and

different from pyrogen free saline (p<0.05).

In the 3" collection, it was noted that groups G1A, G1B,

G1C.G2A, G2C, G3A, G3C were significantly different from | A mixture of CaOH2/CHX is effective in
Maekawa et al **! 2010 their control group G4 (p<0.05). inactivating the endotoxins and can be

The groups G1C, G2A, G2C and G3C were equal to groups used as an intracanal medicament.

G1A, G1B, G3A, G3B (p>0.05), with low endotoxin values.

In 4" collection, G1B had low endotoxin value equal to G1A,

G1C, G2A,G2B, G2C,G3B,G3C (p>0.05). Groups G1A, G1B,

G1C, G2A, G2C, G3B, G3C had less endotoxins compared to

control group G4 (p<0.05).

TABLE 2 shows the outcome data of the accuracy and reliability of chlorhexidine loaded calcium hydroxide as an
effective antimicrobial agent. All the 6 studies discussed had the same criteria assessed. The calculations and statistics
done to evaluate the benefit of the combination of CHX and CaOH2 for this criteria varied from one study to another and
are mentioned under the results column.
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DISCUSSION:

This systematic review mainly focuses on the importance
of various intacanal medicaments and their affects on
prognosis of root canal systems and pulp capping. The
main focus of interest was calcium hydroxide in
combination with chlorhexidine as an antimicrobial agent.
According to Mohammadi et al ™ this combination
potentially kills microorganisms by generating excessive
oxygen species' Also, according to Bystrém A et al ™, root
canals when treated with calcium hydroxide had lesser
bacterial count as compared to when treated with
camphorated monochlorophenol or camphorated phenol.
However, this contradicts to the study conducted by
Grossman et al'*® who had done the same study on root
canals of an adult cat, found that all forms of Calcium
Hydroxide, whether in the form of Pulpdent, supernatant
liquid or as a slurry, is much less effective an antimicrobial
as compared to camphorated chlorophenol.

Haenni et al®® mainly took equivalent mixtures of Calcium
Hydroxide and irrigating solutions and compared them to
the mixture of Calcium Hydroxide in saline and conducted
the efficacy on extracted single rooted human teeth.
However, on comparison they found that as such there was
no difference in the antimicrobial properties of calcium
hydroxide compared to conventional saline mixture.
Although, it is definitely a very strong alkali and does not
have any change in properties when mixed with weak acids
or alkalis in aqueous suspensions. Another study conducted
by Basrani et al, aimed mainly at comparing various
intacanal medicaments and their properties on 98 root
canals of extracted teeth. The results were similar to that of
Hanni et al®, concluding that as such the Optical Density
values did not indicated the combination as a very potent
antimicrobial agent. B*'However, they did also say that
Endodontic infections are mixed infections which cannot
be restricted to one particular bacterial pathogen, as root
canals are quite complex with harboring vast organisms,
and that further studies are necessary to conclude with that
statement™The third study, which was conducted by Freire
et al™, also gave similar results as above, however it was
studied on bovine incisor teeth, and also concluded with the
result that in combination or alone, the properties of
calcium hydroxide remain the same.

Although, a certain group of studied did show positive
results of the combination. Studies conducted by Sharifian
et al™ did show results stating that combination is quite
effective with the limitation that alkalinity is maintained.
As calcium hydroxide has a pH of 12.5, it makes the
compound highly alkaline which abides by its mechanism
of action as well. Another study conducted by Waltimo et
al ™" also gave positive results for this combination against
Candida Albicans, another potent fungus in the root canals
and oral cavity. It compared sodium hypochlorite, iodine
potassium iodide, chlorhexidine, calcium hydroxide and a
combination of chlorhexidine and calcium hydroxide and
found out that on combining Calcium Hydroxide with
Chlorhexidine or Sodium Hypochlorite did give a wide
antimicrobial spectrum, increasing positive prognosis of
endodontic therapy. Samiei et al'*? also concluded that this
combination holds better prognosis as compared to the test,

which was zinc oxide or zinc oxide/silver nanoparticles.
Zinc Oxide is commonly also used in the form of Zinc
Oxide Eugenol which is used as an intracanal medicament
in day to day endodontic practice and due to its obtunding
effect, holds good prognosis. Aguiar AS et al*® also
evaluated the pH of Calcium Hydroxide and zinc ( micro or
nano particles) with 0.4% Chlorhexidine solution, and
found that the combination of both with CHX was more
effective, which was proved using Agar Diffusion method.
Maekawa et al ™! also conducted a study evaluating
auxiliary chemical substances and intracanal medications
on Escherichia coli and found that only CHX/CaOH2 was
able to neutralize the endotoxins within the canal.
According to Boddeda et al™ Calcium Hydroxide is
considered to be the “‘gold standard’ for pulp capping and
showed 100% success rates. Its combination with CHX
increases chances of pulp capping by killing the organisms
which might harbor in the pul? on exposure. Another study
conducted by Arruda et al ®¥ in which triple solution
involving CaOH2/ 2% CHX gluconate/ and an antibiotic
solution (metronidazole/ciprofloxacin/minocycline)
showed significantly lesser bacterial count.

LIMITATIONS:

After thorough evaluation and strict emphasis on the
inclusion and exclusion criteria, only 6 studies were found
pertained to the topic of interest, making it insufficient for
a proper conclusion. Also, without the inclusion of
Randomized Control Trials, only In Vitro studies lack the
appropriate environment like that of the oral cavity and an
individual’s systemic health status, which does indeed have
a huge impact on clinical practice, therefore limiting this
study to only the quantitative analysis of this combination.

CONCLUSION:

The combination is controversial and has to be still
researched in order to come to a conclusion as unsuccessful
endodontic therapies and pulp capping procedures are
multifactorial and a simulated environment, which fits all
criteria is still one of the most important goals which has
not been achieved yet, making it quite difficult to point the
exact cause of such failures.

Chlorhexidine loaded Calcium Hydroxide is indeed a
successful pulp capping material and can also be used in
endodontic procedures as an intracanal medicament.
However, the combination has also shown to not have very
high success rate in various studies unsuccessful
endodontic therapies and pulp capping procedures are
multifactorial, and therefore the combination should
continue to be a topic of research for successful dental
treatments.
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