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Abstract

The present dlinical study was conducted to assess the bac-
terial reduction after chemomechanical preparation using
0.12% chlorhexidine digluconate solution as an irrigant and
the additive antibacterial effect of intracanal dressing with
calcium hydroxide (Ca(OH),) associated with 0.12% chlo-
rhexidine digluconate gel. According to stringent inclusion/
exclusion criteria, 13 teeth with primary intraradicular infec-
tions and chronic apical periodontitis were selected and
followed in the study. Bacterial samples were taken at the
baseline (before treatment) (S1), after chemomechanical
preparation using chlorhexidine (CHX) as an irrigant (S2), and
after a 7-day dressing with Ca(OH),/CHX paste (S3). Cultiva-
ble bacteria recovered from infected root canals at the three
stages were counted and identified by means of 165 ribo-
somal RNA gene sequencing analysis. At S1, all canals were
positive for bacteria, with the mean number of 3.5 taxa per
canal (range, 2-9). At S2, 7 cases (53.8%) still harbored
cultivable bacteria, with a mean number of 1.7 taxon per
canal (range, 1-4). At S3, only one case (7.7%) was positive
for the presence of bacteria. The great majority of taxa found
in posttreatment samples were gram-positive bacteria. A
significantly high reduction in bacterial counts was observed
between ST and S2 and ST and S3 (p < 0.001). Also,
significant differences were observed for comparisons involv-
ing S2 and S3 samples with regard to both quantitative
bacterial reduction (p = 0.014) and number of cases yielding
negative cultures (p = 0.01). It was concluded that chemo-
mechanical preparation with 0.12% CHX solution as an irri-
gant significantly reduced the number of intracanal bacteria
but failed to render the canal free of cultivable bacteria in
about one half of the cases. Application of a 7-day intracanal
dressing with Ca(OH),/CHX paste further increased signifi-
cantly the number of cases yielding negative cultures. (J
Endod 2007,33:541-547)
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favorable outcome of the endodontic treatment of teeth with apical periodontitis

depends on effective control of the root canal infection (1, 2). Ideally, an effective
antimicrobial treatment protocol should be able to predictably render root canals free
of bacteria so that the cause of apical periodontitis is eliminated. The most used pro-
tocols involve the use of sodium hypochlorite (NaOCI) as an irrigant and calcium
hydroxide (Ca(OH),) in inert vehicles as an intracanal medication. Although protocols
using these substances have been shown to be effective in eliminating bacteria from
infected canals, they have their own limitations and the search for alternative or more
effective antimicrobial protocols should be encouraged.

Chlorhexidine is a widely used antimicrobial agent that has emerged as a potential
irrigant and interappointment medication to be used during the endodontic treatment
of teeth with apical periodontitis. As an irrigant, CHX has shown antimicrobial effective-
ness comparable to NaOCl in several clinical and laboratory studies (3—7), although
controversy exists (8—10). Although CHX lacks tissue-dissolving ability, which is one of
the obvious benefits of NaOCI (11), it has some advantages when compared with NaOCI
because it has been reported to be less toxic to host tissues (8, 12) and present
substantivity to dentin, which may result in residual antimicrobial effects for days to
weeks (13—15). As an intracanal medication, CHX has been suggested to be used alone
or combined with Ca(OH), in a paste. Calcium hydroxide is the most commonly used
intracanal medication, but it has a limited antibacterial spectrum that does not affect all
members of the endodontic microbiota (16). In addition, physicochemical properties
of this substance may limit its effectiveness in disinfecting the root canal system after a
short-term use. Consequently, the addition of other antimicrobial mixing vehicles has
been recommended to enhance the antimicrobial effectiveness of Ca(OH), (16). Sup-
plementing the antimicrobial activity of Ca(OH) , with CHX has been extensively studied
in vitro. Several studies showed that the antimicrobial effects of Ca(OH), are signifi-
cantly increased when adding CHX in a paste (17—21). A clinical study (22) showed that
canal dressing with a mixture of 2% CHX and Ca(OH), was at least as effective as
Ca(OH), in an inert vehicle in the disinfection of root canal—treated teeth with apical
periodontitis. The number of culture-negative canals after using this medication for 7 to
10 days was 13 of 20 (65%) (22). The antimicrobial effectiveness of dressings with
Ca(OH) ,/CHX paste during the treatment of primarily infected canals has not been fully
examined in vivo.

The present study is part of a series of investigations about the effectiveness of
different antimicrobial treatment protocols to eliminate cultivable bacteria from in-
fected root canals of teeth evincing apical periodontitis lesions (23, 24). The protocol
tested in this study involves chemomechanical preparation using 0.12% chlorhexidine
digluconate solution as an irrigant and a paste of Ca(OH), in 0.12% chlorhexidine
digluconate gel as an interappointment dressing for 7 days. Cultivable bacteria recov-
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ered from infected root canals at three treatment stages were counted
and identified by means of 168 ribosomal RNA (rRNA) gene sequencing
analysis.

Materials and Methods

Clinical Material

Patients presenting to the endodontic clinic at the School of Den-
tistry, Estdcio de S4 University, Rio de Janeiro, Brazil, for evaluation and
treatment of apical periodontitis were considered for this study. Seven-
teen single-rooted teeth (5 maxillary central incisors, 2 maxillary lateral
incisors, 4 mandibular incisors, 3 maxillary canines, and 3 mandibular
premolars) from 14 patients (12 males and 2 females, aged 22—74
years old, mean 55.9 years old) were selected for this study based on
stringent inclusion/exclusion criteria. Only teeth with intact pulp cham-
ber walls, necrotic pulps as confirmed by negative response to sensitivity
pulp tests, and clinical and radiographic evidence of chronic apical
periodontitis lesions were included in this study. The size of the apical
periodontitis lesions ranged from 2 X 3 mm to 12 X 12 mm. Teeth
from patients who received antibiotic therapy within the previous 3
months, teeth with gross carious lesions; teeth with fractures of the root
or crown, teeth that had received previous endodontic treatment, and
cases showing periodontal pockets over 4 mm deep were excluded
from the study. Approval for the study protocol was obtained from the
Ethics Committee of the Estdcio de S4 University.

Endodontic Treatment and Sampling Procedures

Rubber dam and an aseptic technique were used throughout the
endodontic treatment. Before isolation with rubber dam, each tooth had
supragingival plaque removed by scaling and cleansing with pumice.
Caries and/or coronal restorations were removed with sterile high-
speed and low-speed burs. After rubber dam application, dental floss
was securely tied around the neck of the tooth. The operative field,
including the tooth, clamp, and surroundings, were cleaned with 3%
hydrogen peroxide until no further bubbling of the peroxide occurred.
All surfaces were then disinfected by vigorous swabbing with a 2.5%
NaOCl solution. After completing the access with another sterile bur
under sterile saline irrigation, the operative field, including the pulp
chamber, was then cleaned and disinfected once again the same way as
described previously. NaOCl was neutralized with 5% sodium thiosul-
phate, and then sterility control samples were taken from the tooth
surface with sterile paper points. For inclusion of the tooth in the study,
these control samples had to be uniformly negative.

The first root canal sample (S1) was taken as follows. Three sterile
paper points were consecutively placed in the canal to a level approxi-
mately 1 mm short of the root apex, based on diagnostic radiographs,
and used to soak up the fluid in the canal. Each paper point was left in
the canal for at least 1 minute. Paper points were then transferred
aseptically to tubes containing 500 L of reduced transport fluid.

Chemomechanical preparation was completed at the same ap-
pointment in all cases. The alternated rotation motion technique was
used to prepare all canals (23, 24). Briefly, the coronal two thirds of the
root canals were enlarged with Gates-Glidden burs. Working length was
established 1 mm short of the root apex, and the patency length coin-
cided with the radiographic root edge. Apical preparation was com-
pleted to the working length with hand nickel-titanium files (Nitiflex;
Dentsply-Maillefer, Ballaigues, Switzerland), always using a back-and-
forth alternated rotation motion. Master apical files ranged from #50 to
#60, depending on both root anatomy and the initial diameter of the
root canal. Apical patency was confirmed with a small file (#15 or #20
NitiFlex) throughout the procedures after each larger file size. Prepa-
ration was completed by using step back of 1-mm increments. A 0.12%
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chlorhexidine digluconate solution was used as the irrigant during in-
strumentation. Two milliliters of this solution were used to rinse the
canals after each instrument. Irrigant was delivered in the canals by
means of a 5-mL disposable syringe with a 23-gauge needle.

Each canal was dried by using sterile paper points and then flushed
with 5 mL of a mixture of 0.07% lecithin, 0.5% Tween 80, and 5%
sodium thiosulfate to neutralize any residual CHX. This inactivating mix-
ture was slightly modified from that proposed by Zamany and Spangberg
(25). Subsequently, the root canal walls were gently filed and a postin-
strumentation sample (S2) was taken from the canal as described ear-
lier.

To remove the smear layer, 17% EDTA was left in the canal for 3
minutes followed by irrigation with 5 mL of 2.5% NaOCL. The canal was
dried with paper points and dressed with a mix of Ca(OH), in 0.12%
chlorhexidine digluconate gel (2% natrosol), which was placed in the
canals by means of Lentulo spiral fillers. The Ca(OH),/CHX paste was
packed with a cotton pellet at the level of canal entrance. A radiograph
was taken to ensure proper placement of the Ca(OH), in the canal. The
access cavities were filled with at least 4 mm thickness of a temporary
cement (Coltosol; Coltene/Whaledent Inc., Cuyahoga Falls, OH).

The second appointment was scheduled for 1 week thereafter. At
this time, the tooth was isolated with a rubber dam, the operative field
disinfected, and the NaOCI neutralized, as outlined earlier. A sterility
control sample of the operating field was obtained. The temporary filling
was removed, and the Ca(OH) ,/CHX paste was rinsed out of the canal by
using sterile saline solution and the master apical file. Five milliliters of
the mixture of lecithin, Tween 80, and sodium thiosulfate were then
used to inactivate CHX. The root canal walls were filed lightly and a
postmedication sample (S3) was taken from the canals. Subsequently,
the canals were filled with gutta-percha and Sealer 26 (Dentsply,
Petrépolis, Brazil) by using cold lateral compaction. The tooth was
temporized with glass ionomer cement and a permanent restoration
planned. All clinical procedures were conducted by one experienced
endodontist (SSMP).

Microhiological Analysis

Samples were transported to the laboratory within 15 minutes for
microbiological processing. Samples in reduced transport fluid vials
were dispersed with a vortex for 30 seconds and 10-fold serial dilutions
to 103 (for S1 samples) or 10~ 2 (for S2 and $3 samples) were made
in prereduced anaerobically sterilized buffered salt solution. Aliquots of
100 L from the undiluted suspension and the highest dilution were
each spread onto Brucella agar plates (BBL Microbiology Systems,
Cockeysville, MD) supplemented with 5% defibrinated sheep blood,
hemin (5 mg/L) and menadione (1 mg/L), and Mitis-salivarius agar
plates (Difco, Detroit, MI). Plates were incubated anaerobically within
anaerobic jars (GasPak system, BBL Microbiology Systems) at 37°C for
14 days. After incubation, the total colony-forming units (CFUs) were
counted, and actual counts were calculated based on the known dilution
factors. One or two colonies of each different colony type were isolated,
and each one was individually placed in cryovials containing TE buffer
(10 mmol/L Tris-HCl, 1 mmol/L EDTA, and pH 8). Cryovials were then
stored at —20°C until further bacterial identification by 16S rRNA gene
sequencing.

16S rRNA Gene Identification

Genomic DNA was extracted from each colony by heating the sus-
pension for 10 minutes at 97°C with a thermocycler. The vials were then
stored for 5 minutes on ice and centrifuged, and 5-uL aliquots of the
supernatant were further used as template in the polymerase chain
reaction (PCR) assay.
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PCR amplification of 168 rRNA genes was used for bacterial iden-
tification. The pair of universal 16S rRNA gene primers used was 5'-GAT
TAG ATA CCC TGG TAG TCC AC-3" and 5'-CCC GGG AAC GTA TTC ACC
G-3', corresponding to base positions 786-808 and 1,369-1,387, re-
spectively, and spanning the variable regions V5-V8 of the Escherichia
coli 168 rRNA gene. PCR amplification was performed in a reaction
volume of 50 wlL, consisting of 0.8 wmol/L concentration of each
primer, 5 wL of 10X PCR buffer, 2 mmol/L. MgCl,, 1.25 U of 7th DNA
polymerase, and 0.2 mmol/L concentration of each deoxyribonucleo-
side triphosphate (all reagents from Biotools, Madrid, Spain). Cycling
parameters included an initial denaturation step at 95° C for 2 minutes,
followed by 36 cycles of a denaturation step at 95°C for 30 seconds, a
primer annealing step at 60°C for 1 minute, an extension step at 72°C
for 1 minute, and a final step of 72°C for 2 minutes. The results of PCR
amplification were examined by electrophoresis in 1.5% agarose gel.
DNA was stained with ethidium bromide and visualized under short-
wavelength ultraviolet light.

PCR products were purified by using a PCR purification system
(Wizard PCR Preps; Promega, Madison, WI) and then sequenced di-
rectly on the ABI 377 automated DNA sequencer by using dye terminator
chemistry (Amersham Biosciences, Little Chalfont, Buckinghamshire,
UK). Sequence data and electropherograms were inspected and cor-
rected when obvious sequencing software errors were observed. Se-
quences generated were compared with the GenBank database to iden-
tify the closest relatives by using the BLAST algorithm. A =99% identity
in 16S rRNA gene sequence was the criterion used to identify an isolate
to the species level. A 97% to 99% identity in 16S rRNA gene sequence
was the criterion used to identify an isolate at the genus level, whereas
<97% identity in 16S rRNA gene sequence was the criterion used to
define a potentially new bacterial species.

Statistical Analysis

Effectiveness of each treatment step in rendering root canals free
of cultivable bacteria was recorded as percentage of cases yielding
negative cultures. In this regard, the one-tailed Fisher exact test was
used to compare S2 and S3 samples. The percent reduction in the
number of CFUs after each treatment step was calculated based on
quantitative data obtained from samples S1, S2, and S3. Quantitative
data were statistically analyzed for differences by using the Mann-
Whitney U test comparing pairs of groups. Significance level was always
setat 5% (p < 0.05).

Resulits
Of the 17 teeth sampled, 13 followed in the study. Reasons for
exclusion of 4 teeth were as follows: bacterial growth for the sterility

control of the working field (one tooth), accidental loss of the third
sample (one tooth), and flare-up requiring an emergency visit by an
operator other than that involved in the project (two teeth). Bacteria
were found in all initial samples (S1) from the 13 root canals. The
median value of the number of CFUs in the initial samples was 1.1 X
10, ranging from 2.8 X 10* to 1 X 10°.

After chemomechanical preparation using 0.12% CHX solution as
an irrigant, 6 of the 13 canals (46.2%) showed negative culture results.
The median number of CFUs in postinstrumentation samples was 4 X
10, ranging from 0 to 5.12 X 10°. When compared with initial sam-
ples, chemomechanical preparation promoted reduction in the number
of bacteria ranging from 53.45% to 100%.

After 7 days of dressing with Ca(OH),/CHX paste, 12 of the 13
canals (92.3%) vielded no cultivable bacteria. The only case positive for
bacteria in $3 harbored 1.56 X 10° CFUs. The percent reduction in this
case was 99.7%. All the other cases showed 100% reduction in the
number of cultivable bacteria.

Analysis of the quantitative data revealed that the number of CFUs
in $2 and 83 was significantly reduced in comparison to S1 (p < 0.001
for both comparisons, Mann-Whitney U test). Significant differences
were also observed for comparisons involving S2 and $3 samples with
regard to the number of cases yielding negative cultures (p = 0.01,
Fisher exact test) or quantitative bacterial reduction (p = 0.014, Mann-
Whitney U test). Quantitative data and percent reductions are depicted
in Table 1 and shown in Figure 1.

Forty-five isolates belonging to 33 bacterial taxa were identified in
initial samples. One additional isolate was not identified because of
sequences with low-scoring homologies (<<97% similarity) to se-
quences deposited in the GenBank. The mean number of bacterial taxa
per canal was 3.5, ranging from 2 to 9. The most prevalent taxa were
Porphyromonas gingivalis (3 cases), Streptococcus mitis biovar 2 (3
cases), Propionibacterium acnes (3 cases), Fusobacterium nuclea-
tum (2 cases), Prevotella oral clone GU027 (2 cases), Pseudorami-
bacter alactolyticus (2 cases), Propionibacterium propionicum (2
cases), Actinomyces odontolyticus (2 cases), Staphylococcus epi-
dermidis (2 cases), and Streptococcus oralis (2 cases) (Table 2).

Twelve isolates belonging to 11 distinct taxa were recovered from
S$2 samples (mean, 1.7 taxon per case; range, 1—4 taxa). Of the 7 cases
showing culture-positive results, four cases harbored one taxon each
(8 mitis biovar 2, P acnes, Staphylococcus aureus, ot Actinomyces
urogenitalis) , two cases showed two taxa each (P alactolyticus and an
uncultured beta proteobacterium or Streptococcus sanguinis and
S oralis) and another case harbored 4 taxa (Prevotella oral clone
FMO005, § mitis biovar 2, Propionibacterium granulosum, and 4
odontolyticus). All these bacteria were also found in S1, except for the

TABLE 1. Bacterial load and percent reduction determined for root canal samples of 13 teeth with apical periodontitis lesions

Case Sample Code Initial Samples (S1) Postinstrumentation Samples (S2) Postmedication Samples (S3)
1 6TS 5.21 X 10° 9 X 102 (99.83%) 1.56 X 103 (99.7%)
2 4TS 1.1 X 10° 5.12 X 10° (53.45%) 0(100%)
3 3TS 2.8 X 107 2.48 X 10° (99.11%) 0(100%)
4, 8TS 1.63 X 107 2 X 10°(98.77%) 0(100%)
5. 12TS 1.83 x 10% 5 X 103 (72.68%) 0(100%)
6. 11TS 6.08 x 10% 4.4 X 103 (92.76%) 0(100%)
7 1TS 7.2 X 108 4 X 102 (99.99%) 0(100%)
8 15TS 1x 108 0(100%) 0(100%)
9. 7TS 2.12 X 107 0(100%) 0(100%)

10. 5TS 2.2 X 10° 0(100%) 0(100%)
11. 16TS 7 X 10° 0(100%) 0(100%)
12. 13TS 5.3 X 103 0(100%) 0(100%)
13. 14TS 2.8 X 103 0(100%) 0(100%)
Median 1.1 X 10° 4 x 102 0

Samples were taken before treatment, after instrumentation with 0.12% CHX as an irrigant, and after a 7-day intracanal medication with a paste of Ca(OH),, in 0.12% CHX gel.
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Figure 1. Bacterial reduction per case after chemomechanical preparation us-
ing 0.12% CHX solution as an irrigant and a 7-day intracanal dressing with a

paste of Ca(OH) , in 0.12% CHX gel. Cases are ordered according to the bacte-
rial counts after treatment steps.

uncultured beta proteobacterium, which was exclusively found in S2.
This taxon may have been in S1 but in numbers below the detection
levels of culture, or it may have been a contaminant introduced in the
canal during intervention or during handling of samples. This sample
was not eliminated from the study because the origin of this bacterium
was unknown (it could have been in S1), and it was detected in S2 along
with another species previously found in S1, confirming positiveness.

Only two taxa (P acnes and S mitis biovar 2) were isolated from
the single case that sampled bacteria after dressing with Ca(OH),/CHX
paste. P acnes was present in both S1 and S2, whereas § mitis biovar 2
was isolated from S1 but not from S2. This case showed a slight increase
in the number of CFUs when compared with S2, but because the species
present also occurred in S1 and the temporary restoration was appar-
ently intact, it was considered unlikely that it was because of contami-
nation between appointments.

Discussion

A culture-dependent approach was used in the present investiga-
tion to assess the antimicrobial effectiveness of a CHX-based treatment
protocol. As with any other method, culture has its own advantages and
limitations. One of the greatest strengths of the culturing procedure is
that it is one of the most reliable methods to detect viable bacteria after
antimicrobial treatment. Furthermore, studies using culture-dependent
techniques have shown a correlation between negative cultures and
optimal treatment outcome (1, 2). However, an important limitation of
the method refers to the fact that about one half of the endodontic
bacteria have not been cultivated by standard culture techniques as the
one used in this study (26). Also, because of the method’s low sensitiv-
ity, some bacteria may pass unnoticed in the event that the number of
bacterial cells sampled is below the detection limits of the culture
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method. An additional shortcoming of the method used herein is that the
samples obtained only reflect the bacteriological conditions of the main
canal. As a consequence of these factors, the bacterial diversity in sam-
ples could have been actually broader, and a culture-negative canal
cannot be regarded as a sterile root canal system. In fact, a negative
culture is likely to mean that the bacterial reduction in the canal has
reached levels below the detection limits of culture procedures, and
these levels may be compatible with periradicular tissue healing.

Instead of the traditionally used phenotype-based approaches,
bacteria isolated in this study were identified by 16S rRNA gene-se-
quencing analysis. One should be mindful that in some circumstances
even the successful cultivation of a given bacterial species does not
imply that this isolate can be successfully identified by phenotypic ap-
proaches. Phenotype-based identification methods can fail because the
phenotype is inherently mutable and subject to biases of interpretation
(27). When common bacteria with uncommon phenotypes are present,
reliance on phenotypic characteristics can lead to misidentification. For
slow-growing and fastidious bacteria, traditional phenotypic identifica-
tion is difficult and time consuming. In addition, interpretation of phe-
notypic test results can involve a substantial amount of subjective judg-
ment and personnel’s expertise. The 16S rRNA gene sequencing
approach has become the reference method for bacterial identification
and taxonomy (28). By this method, an isolate can be identified after
obtaining its 16S RNA gene sequence and comparing it with sequences
deposited in public databases. This molecular technique can provide a
more precise identification of bacteria that are difficult to identify by
conventional techniques (28). The 16S rRNA gene sequencing ap-
proach also has the advantage of being able to accurately identify rare
isolates, poorly described bacteria, as-yet-uncultivated and uncharac-
terized bacteria, and newly named species. By using this method, we
succeeded in identifying several isolates from previously uncultivated
species (e.g., Prevotella oral clones GU027 and FM005, Fusobacte-
rium oral clones CZ006 and BS019, Actinomyces oral clone GU009,
and two other uncharacterized clones), unnamed species of the genera
Acinetobacter and Flavobacterium, and newly named species (Dia-
lister invisus and Prevotella salivae).

All initial samples were positive for the presence of bacteria, and
the number of CFUs per canal ranged from 10% to 10°. Substantial
bacterial reduction was observed after chemomechanical preparation
with 0.12% CHX solution as an irrigant. Except for two cases (4TS and
12TS), the percent reduction of the bacterial counts was always more
than 92%. These findings indicate that 0.12% CHX has a good potential
to be used as an irrigant during treatment of infected root canals.

Chlorhexidine is highly effective against several gram-positive and
gram-negative oral bacterial species as well as yeasts (6, 10). This
cationic bisbiguanide can induce damage to the outer microbial cell
layers but this effect is usually insufficient to induce lysis or cell death.
Chlorhexidine crosses the microbial cell wall, presumably by passive
diffusion, and subsequently attacks the cytoplasmic membrane. Dam-
age to this delicate membrane is followed by leakage of intracellular
constituents. At high concentrations, CHX causes precipitation of intra-
cellular constituents, particularly phosphated entities, such as adeno-
sine triphosphate and nucleic acids. As a consequence, the cytoplasm
becomes congealed, with resultant reduction in leakage, so that there is
a biphasic effect on membrane permeability (29). Chlorhexidine anti-
microbial activity is pH dependent, with the optimal range of 5.5 to 7,
and is greatly reduced or abolished in the presence of organic matter
(29).

Only a few in vivo studies have investigated the antimicrobial effi-
cacy of CHX as an irrigant. Leonardo et al. (14) reported that 9 of 22
canals (40.9%) showed negative cultures after chemomechanical prep-
aration using 2% CHX. Ercan et al. (3) concluded that both 2% CHX and
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TABLE 2. Cultivable bacterial taxa detected during treatment of 13 infected root canals of teeth associated with apical periodontitis

Persisting Bacteria

Bacteria Only in Initial Samples (S1)*

Postinstrumentation (S2)t

Postmedication (S3)#

Porphyromonas gingivalis (3)
Fusobacterium nucleatum (2)
Prevotella oral clone GU027 (2)
Propionibacterium acnes (2)
Propionibacterium propionicum (2)
Staphylococcus epidermidis (2)
Dialister invisus (1)
Pseudoramibacter alactolyticus (1)
Mogibacterium neglectum (1)
Prevotella salivae (1)
Prevotella oralis (1)
Fusobacterium oral clone CZ006 (1)
Fusobacterium oral clone BS019/
Fusobacterium periodonticum (1)
Campylobacter gracilis (1)
Campylobacter curvus (1)
Micromonas micros (1)
Uncultured bacterium clone rRNA007 (1)
Anaerococcus prevotii (1)
Actinomyces naeslundii (1)
Actinomyces oral clone GU009 (1)
Actinomyces odontolyticus (1)
Streptococcus oralis (1)
Acinetobacter sp. (1)
Flavobacterium sp. (1)
Staphylococcus pasteuri (1)
Staphylococcus saccharolyticus (1)
Unidentified (1)

Streptococcus mitis biovar 2 (2)
Propionibacterium acnes (1)
Prevotella oral clone FM005 (1)
Pseudoramibacter alactolyticus (1)
Actinomyces odontolyticus (1)
Actinomyces urogenitalis (1)
Streptococcus oralis (1)
Streptococcus sanguinis (1)
Propionibacterium granulosum (1)
Staphylococcus aureus (1)
Uncultured beta proteobacterium clone FAC20 (1)§

Streptococcus mitis biovar 2 (1))
Propionibacterium acnes (1)

Data are based on 168 rRNA gene sequencing identification of isolates.
*Bacteria eliminated after treatment and not found in S2 or $3.
fBacteria found in both S1 and S2, except where indicated.

FBacteria found in S1, $2, and 83, except where indicated.

§Isolate not found in S1.

|ltsolate found in S1 but not in S2.

5.25% NaOCl were significantly effective in reducing the bacterial pop-
ulation in infected root canals. In the CHX group, 12 of 15 (80%) canals
were free of cultivable bacteria, whereas in the NaOCl group 11 of 15
(73.3%) canals were rendered bacteria free (3). Vianna et al. (9)
compared the degree of bacterial reduction after chemomechanical
preparation of infected root canals by using 2.5% NaOCl or 2% CHX gel
asirrigants. The bacterial load was reduced substantially in both groups
(over 96%). Data from quantitative real-time PCR revealed that the
bacterial reduction in the NaOCI group was significantly greater than in
the CHX group. Culture analysis showed that 12 of 16 (75%) canals
were free of cultivable bacteria after chemomechanical preparation in
the NaOCl group, whereas 8 of 16 (50%) canals were free of bacteria in
the CHX group. In the present study, 6 of 13 (46.2%) canals yielded no
cultivable bacteria after instrumentation and irrigation with 0.12% CHX
solution. Our results are comparable to the culturing findings reported
by Vianna et al. (9), who also performed inactivation of CHX before
sample collection. The present findings also suggest that CHX in
lower concentrations may produce similar effects to more concentrated
solutions under in vivo conditions.

Although a significant reduction in bacterial counts occurred after
chemomechanical procedures, about one half of the root canals still
yielded positive cultures in S2. These findings are also comparable with
previous studies using NaOCl as an irrigant (23, 24, 30—32). Several
gram-negative species were isolated from S1 samples, but most taxa
found in S2 samples were gram-positive bacteria. Streptococci (4 iso-
lates), Actinomyces (2 isolates), and Propionibacterium (2 isolates)
were the most frequent groups recovered from S2 samples. These find-
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ings confirm that gram-positive species are the most common taxa
persisting after chemomechanical procedures (33).

Virtually all of the taxa found in S2 samples were eliminated after
a 7-day intracanal medication with the paste of Ca(OH), in 0.12% CHX
gel. The only exceptions were P acnes and S mitis biovar 2, which
coinfected the canal of case 6TS. Although P acnes was found in all three
samples from this case, S mitis biovar 2 was isolated from S1 but not S2.
Its presence in S3 strongly suggests that this species was also present in
$2 but in undetectable numbers. The increase in the number of CFUs in
§3 as compared with S2 also indicates that conditions in this particular
case in some way favored the growth of bacteria already present in the
canal. However, the possibility also exists that this increase in bacterial
numbers was in fact an artifact generated by a possible flaw during S2
sample collection. It was noteworthy that these 2 species were present in
3 initial samples from different cases. In two cases, P acnes was elimi-
nated after chemomechanical procedures, and in two other cases §
mitis biovar 2 was eliminated after intracanal medication. The reason
why these species were eliminated in some cases and not in case 6TS are
not apparent but may be related to more resistant clonal types, unno-
ticeable errors during some steps of the treatment, and/or bacterial
presence in regions inaccessible to intracanal disinfection procedures.

In two previous studies using similar methodology (23, 24), we
found that 45.5% and 54.5% of the canals sampled bacteria after
chemomechanical preparation with 2.5% NaOCl. The number of cases
with positive culture decreased to 18.2% and 9.1% after a 7-day medi-
cation with Ca(OH),/glycerin or Ca(OH),/camphorated paramono-
chlorophenol paste, respectively. A significant difference between the
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number of culture-negative cases after chemomechanical preparation and
intracanal medication was only observed when Ca(OH) ,/camphorated
paramonochlorophenol paste was used. In the present study, 53.8% of
the cases cultured bacteria after chemomechanical preparation using
0.12% CHX solution as an irrigant. A 7-day medication with Ca(OH),/
CHX paste further reduced the number of culture-positive cases to
7.7%. This difference was statistically significant. Although based on a
small sample size, these findings seem to suggest the need for adding
other disinfectants to Ca(OH), to enhance the antimicrobial activity in
the canal. However, further comparative clinical studies using a larger
sample size are necessary to validate this assumption.

So far, there is no consensus among in vitro studies investigating
the antimicrobial effectiveness of Ca(OH), mixed with CHX. Although
some studies showed that the antimicrobial effects of Ca(OH), are sig-
nificantly increased when adding CHX in a paste (17-20), others have
shown no significant increase in activity (34, 35). However, it is well
established that the efficacy of CHX is significantly reduced when mixed
with Ca(OH), (19, 34, 35). Chlorhexidine remains stable at pH 5-8 and,
as the pH is increased, ionization decreases. Association of Ca(OH),
with CHX maintains a high pH value, which is similar to Ca(OH), paste
using water as a vehicle (20, 22). At high pH values, the CHX precipitates
and may be unavailable as an antimicrobial agent (22). Despite the
remarkable high loss of CHX when mixed with Ca(OH),, the combined
resulting effect may be of clinical significance (22). The association of
Ca(OH), and CHX presented significant antibacterial effects in the
present study, and this may have been because of a small residue of
active CHX still present in the paste, although the effects of the high pH
of the paste should not be discarded.

Given the anatomic complexity of the root canal system and taking
into account the extant treatment techniques and medications, it is fair
to assume that it is virtually impossible to render the whole system
sterile. Therefore, the purpose of the antimicrobial endodontic treat-
ment should be to reduce bacterial populations to levels that are unde-
tectable by contemporary culturing techniques (culture-negative ca-
nals), which is compatible with periradicular tissue healing. In the
present study, comparisons of the absolute bacterial counts and the
number of culture-negative cases between S2 and S3 samples revealed
statistically significant differences. These findings confirm the impor-
tance of using an interappointment dressing to supplement the antibac-
terial effects of the chemomechanical preparation (24, 30, 31). Be-
cause the intracanal medication remains in the canal longer than the
irrigation solution, it has more time to diffuse, reach, and eliminate
bacteria in areas not affected by chemomechanical procedures, even if
the substance used as medication is less potent than the irrigant.

Findings from the present study support the assertion that negative
cultures are consistently obtained from the main canal after adequate
instrumentation and irrigation with an antimicrobial agent, smear layer
removal, and application of an intracanal antimicrobial dressing. The
CHX-based protocol used was highly effective in reducing the bacterial
populations within infected root canals and rendering most canals free
of cultivable bacteria. Only 7.7% of the cases showed cultivable bacteria
after the whole protocol. The impact of a 7-day intracanal dressing with
Ca(OH),/CHX on the observed antibacterial effects was indisputable.
These findings indicate that this CHX-based antimicrobial clinical pro-
tocol can be successfully used for the treatment of primary intraradicu-
lar infections in teeth with apical periodontitis.

The authors would like to express their gratitude to Fernando
A.C. Magalbdes for his valuable technical assistance.
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