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bstract
his study evaluated the clinical efficacy of 2%
hlorhexidine (CHX) gel on intracanal bacteria reduc-
ion during root canal instrumentation. The additional
ntibacterial effect of an intracanal dressing (Ca[OH]2
ixed with 2% CHX gel) was also assessed. Forty-three

atients with apical periodontitis were recruited. Four
atients with irreversible pulpitis were included as neg-
tive controls. Teeth were instrumented using rotary

nstruments and 2% CHX gel as the disinfectant. Bac-
erial samples were taken upon access (S1), after in-
trumentation (S2), and after 2 weeks of intracanal
ressing (S3). Anaerobic culture was performed. Four
amples showed no bacteria growth at S1, which were
xcluded from further analysis. Of the samples cultured
ositively at S1, 10.3% (4/39) and 8.3% (4/36) sampled
acteria at S2 and S3, respectively. A significant differ-
nce in the percentage of positive culture between S1
nd S2 (p � 0.001) but not between S2 and S3 (p �
.692) was found. These results suggest that 2% CHX
el is an effective root canal disinfectant and additional

ntracanal dressing did not significantly improve the
acteria reduction on the sampled root canals. (J Endod
007;33:1283–1289)
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pical periodontitis is an inflammatory process on the periradicular tissues caused
by the microbes present inside of the root canal system (1, 2). It has been shown

hat anaerobes are the primary etiological agent of apical periodontitis (2). One of the
ost important objectives in successful treatment of apical periodontitis is the elimi-

ation or reduction of intracanal bacteria. There is a strong relationship between the
ong-term treatment success and root canal filled after negative culture in teeth with
pical periodontitis (3, 4). Sjögren et al (4) showed complete periapical healing in 94%
f teeth with apical periodontitis that yielded negative culture after root canal instru-
entation. In contrast, the samples with positive culture before root canal obturation

ad only 68% of complete periapical healing.
Root canal disinfection can be accomplished by mechanical and chemical means.

he mechanical microbial control phase involves root canal preparation using hand
nd/or rotary instruments. The chemical microbial control phase involves the addition
f treatment with antimicrobial agents during and after instrumentation. Mechanical
reparation can reduce intracanal bacteria significantly but does not predictably erad-

cate them (5– 8). On average, 40% to 60% of root canals have no cultivable bacteria
fter mechanical root canal instrumentation with sodium hypochlorite (NaOCl) solu-
ion (6 – 8). To obtain a more predictable microbial control, placement of intracanal

edicaments such as calcium hydroxide is often recommended (5, 7–10).
Despite the fact that NaOCl effectively reduces recovery of bacteria from root canals, it

s caustic if accidentally expressed into the periapical area or adjacent structures (11). In
ddition, it has a strong bleaching effect and foul odor. Chlorhexidine (CHX) gluconate has
een suggested as an alternative irrigating solution that could replace NaOCl. CHX is a
ationic biguanide that seems to act by adsorbing onto the cell wall of microorganism
esulting in leakage of intracellular components. At low concentration, it has bacteriostatic
ffect. Although it is at a high concentration, CHX is bactericidal because of precipitation
nd/or coagulation of intracellular constituents (12). Its optimal antimicrobial activity is at
H 5.5 to 7.0 (13). CHX has a broad-spectrum antimicrobial activity, targeting both gram-
ositive and gram-negative microbes (14, 15). In general, in vitro studies suggested that CHX
nd NaOCl have comparable antibacterial effect when used in similar concentration (15,
6). In addition, CHX appeared to be a promising agent to be used as a final irrigant (17, 18).
n a clinical study, Zamany et al (17) showed that a 2% CHX solution, used as a final irrigant,
ignificantly decreased bacterial loads in root canals that had been irrigated with sodium
ypochlorite during canal preparation. Additional advantages of CHX are its retentive char-
cter in root canal dentin (19) and its relatively low toxicity (20). Despite its advantages, CHX
ctivity is pH dependent and is greatly reduced in the presence of organic matter (13). Unlike
odium hypochlorite, it lacks tissue dissolving properties (21).

Two percent CHX in a gel formulation (Endogel; Itapetininga, SP, Brazil) was
roposed as an alternative to 5.25% NaOCl solution for root canal disinfection (22).
his lubricant is composed of a gel base (1% Natrosol), which is a nonionic, highly
fficient, inert, water-soluble agent that does not have antimicrobial activity (22) and
% CHX gluconate at pH 7.0. Ferraz et al (22) showed that CHX gel produced a cleaner
oot canal surface and had an antimicrobial ability comparable with that obtained with
he other solutions (5.25% NaOCl and 2% CHX liquid) tested. It appeared that CHX in a
el form required a much longer time to kill microorganisms than the corresponding
oncentration in a liquid form (16). In addition, 2% CHX gel has also proposed as
ntracanal medication (23) and a sodium perborate’s vehicle for intracoronal bleach-

ng (24).

Clinical Efficiency of 2% CHX Gel in Reducing Intracanal Bacteria 1283
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Despite its promising results from in vitro studies, there are not
nough clinical studies published so far on the effectiveness of 2% CHX
el. The objective of this study was to evaluate the effectiveness of 2%
HX gel to eradicate endodontic infection in patients with apical peri-
dontitis. The additional antibacterial effect of Ca(OH)2 mixed with 2%
HX gel as a paste for an intracanal dressing was also assessed.

Materials and Methods
n Vitro Evaluation of 2% CHX Gel Neutralizer

In vitro evaluation was performed based on the protocol described
y Zamany and Spångberg (25) to assess the ability of 3% Tween 80 and
.3% L-�-lecithin in activating 2% CHX gel.

Enterococcus faecalis was cultivated on blood agar medium for
4 hours. Colonies were harvested from the surface of the agar plate and
uspended in a 0.43% solution of sodium chloride, centrifuged at about
00g for 10 minutes, washed twice, and resuspended. They were cen-
rifuged and finally resuspended in 0.43% solution of sodium chloride.

stock cell suspension with a density of 2 � 104 viable cells per
illiliter was prepared. The cell density was determined by measuring

ight absorbance with a spectrophotometer at a wavelength of 580 nm
ccording to MacFarland’s scale (Remel, Lenexa, Kan). Utility cell sus-
ensions were prepared by diluting the stock cell suspension in 0.43%
olution of sodium chloride. Each cell suspension was used within 30
inutes of preparation.

Three percent (3%) Tween 80 plus 0.3% L-�-phosphatidylcholine
L-�-lecithin) was prepared by dissolving 0.75 g of L-�-lecithin (Sigma
hemical) in 3 mL of Tween 80 and adjusting the final volume by adding
7 mL of sterile saline solution.

One milliliter of 2% CHX gel (Endogel) was tested against 9 mL of
% Tween 80 plus 0.3% L-�-lecithin at room temperature (25°C) for 5
inutes in a sterile test tube containing glass beads (diameter, 3 mm);

.1 mL of bacterial cell suspension containing 2 � 104 viable cells was
dded to this mixture. At 10 and 60 minutes, 3 glass beads and 0.1-mL
liquots were withdrawn and spread over the surface of two blood agar
lates by means of the glass beads, which were incubated at 37°C for 72
ours. The numbers of colony-forming units (CFUs) on the blood agar
lates were recorded. The experiment was repeated and the mean CFUs
rom two experiments were calculated and recorded. To test the effec-
iveness of 2% CHX gel, 0.1 mL of bacterial cell suspension was tested
gainst the mixture of 9 mL of sterile saline and 1 mL of 2% CHX gel,
hich was equilibrated for 5 minutes. To confirm that 3% Tween 80
lus 0.3% L-�-lecithin did not have antimicrobial effect, 0.1 mL of
acterial cell suspension was tested against the mixture of 9 mL of sterile
aline and 1 mL of the neutralizing agent, which was equilibrated for 5
inutes. For the positive control, 0.1 mL of bacterial cell suspension
as added to the mixture of 10 mL of sterile saline. For the negative
ontrols, the mixture of 9 mL of sterile saline and 1 mL of 2% CHX gel or
ixture of 9 mL of sterile saline and 1 mL of the neutralizing agent was

ested without adding bacteria suspension.

ubject Recruitment and Qualification
Patients presenting to the University of North Carolina School of

entistry graduate Endodontic clinic for evaluation and treatment of
nfected pulps with apical periodontitis were considered for this study.
pproval for the project was obtained from the University of North
arolina School of Dentistry Committee on Investigation Involving Hu-
an Subjects. The primary investigator conducted all clinical and sam-

ling procedures. The nature of study, complications, and associated
isks were fully explained to the patients or patients’ guardians and

onsents were obtained before initiation of treatment.

284 Wang et al.
The mesiobuccal roots of the mandibular first and second molars,
he distal roots of maxillary first and second molars, the buccal roots of

axillary first premolars, and single-rooted teeth were sampled and
ncluded in the study. Tooth selection criteria included the following: a
adiographic periapical radiolucent lesion, a negative response to ther-
al or electric pulp testing, enough crown structure for adequate iso-

ation, and no history of previous endodontic treatment on the tooth of
tudy. Exclusion criteria for the study included the following: teeth with
nfavorable conditions for rubber-dam application, vital pulp tissue
bserved during the treatment, or immature teeth with open apices.

reatment Group Assignment
Qualified subjects were accepted into the study in a nonrandom

onsecutive sample and treated with ProFile 0.04 taper nickel-titanium
iles (Dentsply/Tulsa Dental, Tulsa, OK) and 2% CHX gel (Endogel) as a
isinfectant. On the completion of root canal instrumentation at the end
f the first appointment, all teeth were dressed with Ca(OH)2 mixed with
% CHX gel for at least 2 weeks. In this study, 43 patients diagnosed with
pical periodontitis were included as the test subjects and 4 patients
ith irreversible pulpitis as the negative control subjects.

acteria Sampling
Each tooth was isolated with rubber dam, which was disinfected

ith 30% hydrogen peroxide until no further bubbling of the peroxide
ccurred. If difficulty occurred in attaining a bubble-free status, Oraseal
utty (Ultradent Products Inc, South Jordan, UT) was placed around the
eck of the tooth and the process repeated. All surfaces were then
oated with tincture of iodine and allowed to dry. Gross caries removal
nd initial access form were accomplished with sterile high-speed and
ow-speed burs. The rubber dam and surrounding tooth structure were
isinfected with iodine tincture before completing the access with an-
ther sterile bur. This protocol has been shown to be effective in surface
isinfection (7, 8). After access was achieved, cases were selected for
terility testing of the operating field. One in every five teeth was tested
hroughout the experimental period to ensure our disinfection protocol
orked properly. The tooth surface was swabbed with a 5% sodium

hiosulfate solution to inactivate the iodine tincture so that residual
odine would not influence bacteriologic sampling. To evaluate the ef-
icacy of the disinfection procedure, a sterile cotton pellet was moist-
ned in 5% sodium thiosulfate solution and used to swab the access
avity. The swab was then transferred to a vial containing 1 mL of liquid
ental transport medium (LDTM) (Anaerobe Systems, Morgan Hill, CA)

or processing for bacterial culture. Sterile saline was used to flush
ebris within the chamber. A description of the 3 samples (S1, S2, and
3) taken in the study is found in Table 1.

Bacteria samples were collected from the mesiobuccal canals of
andibular molars, distobuccal canals of maxillary molars, buccal ca-

als of upper premolars, and single-rooted teeth. In multirooted teeth,
rifices of canals not used for bacteriologic sampling were sealed with
avit (ESPE, Norristown, PA) until all samples collected. A sterile orifice
pener (Dentsply/Tulsa Dental) was used to initiate the access into the
anals of interest. Sterile saline was again used to flush any debris from
he chamber. The chamber was dried with sterile cotton pellets and/or
aper points before placement of LDTM into the canals of interest with
sterile tuberculin syringe. The canals were instrumented with a sterile

tainless steel K-file (Kerr, Romulus, MI) size #15 (ISO) to within 1 mm

ABLE 1. Description of Microbiological Samples Taken for Each Tooth

S1: Initial sample
S2: Postinstrumentation sample

S3: Postdressing sample

JOE — Volume 33, Number 11, November 2007
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f the estimated working length. The LDTM remaining in the canal was
oaked up and transferred to the LDTM vial with sterile xx-fine paper
oints (Mynol; Block Drug Corp, Jersey City, NJ) placed as close to
orking length as possible. This constituted the initial sample (S1). All

amples were submitted to the laboratory within 24 hours.
The working length was established to the root terminus by using

n apex locator (Root ZX; J. Morita, Irvine, CA) and confirmed by
adiograph (0.5–1.0 mm short of radiographic apex). The canals and
ulp chamber were filled with 2% CHX gel using 30-G Maxi-Probe
rrigation needles (Dentsply Internatioanl Inc, York, PA) before instru-

entation. Sterile ProFile 0.04 taper nickel-titanium files (Dentsply/
ulsa Dental) were used to instrument the canals by a crown-down
echnique to standardized apical sizes. Rotary instrumentation was used
ith an Aseptico ITR Electric Torque Control Motor (Dentsply/Tulsa
ental) rotating at 300 rpm. After each file, the canals were irrigated
ith saline using 30-G Maxi-Probe irrigation needles followed by refill-

ng the canals with 2% CHX gel. Root canal instrumentation was contin-
ed in the presence of 2% CHX gel. This procedure was repeated for
ach file until the final preparation. After the instrumentation, the canal
paces were filled with 2% CHX gel for 2 additional minutes followed by
inal rinse with 10 mL of physiologic saline. The apical preparation size
ased on the tooth type is shown in Table 2.

The neutralizing agent (3% Tween 80 and 0.3% L-�-lecithin) for
% CHX gel (Endogel; Itapetininga, Sao Paulo, Brazil) was prepared
nd tested as shown by Zamany and Spangberg (25). The canals were
lowly flushed with 2 mL of 3% Tween 80 plus 0.3% L-�-lecithin (Sigma
orp, St. Louis, MO) for 5 minutes to neutralize 2% CHX gel. The canals
ere then flushed with 2 mL of sterile saline and dried with sterile paper
oints. By using a new set of sterile instruments, the canals were filled
ith LDTM, and the final file sizes were placed to the working length.
iles were pumped five times with minimal reaming motion. The entire
anal content was absorbed with sterile paper points and transferred to
he LDTM sample vial. This constituted the postinstrumentation sample
S2). All samples were processed for microbiology within 24 hours.
nce bacterial samples were collected, Cavit (ESPE, Norristown, PA)
as removed from the orifices of the uninstrumented canals. Those
anals were further instrumented with rotary files and 2% CHX gel as
escribed earlier.

The canals were again filled with 2% CHX gel for 2 minutes and
hen with saline and dried with paper points. A mixture of Ca(OH)2 and
% CHX gel was placed into all canals with a Lentulo spiral filler (Caulk,
ilford, DE), and the access cavity was sealed with IRM (Dentsply

ABLE 2. Apical Preparation Size Corresponding to Canal and Tooth Type

Tooth Type Canal Apical Size Taper

Incisors Central #60 .04
Single-rooted premolars Central #60 .04
Maxillary premolar Buccal #40 .04
Maxillary molar Distobuccal #40 .04
Mandibular molar Mesiobuccal #40 .04

ABLE 3. In Vitro Evaluation of 2% CHX Gel Neutralization

E. faecalis Neutralizer 2% CHX

Bacterial
growth

��� � �

no growth; �, low growth; ��, medium growth; ���, high growth.
eutralizer � 3% Tween 80 plus 0.3% L-�-lecithin.

OE — Volume 33, Number 11, November 2007
nternational Inc, York, PA). The intracanal medication of the Ca(OH)2
ixed with 2% CHX gel was placed for a minimum of 2 weeks.

At the second appointment, under rubber dam isolation, the tooth
as accessed with the strict aseptic protocol described above. Intraca-
al medicament was passively removed with a K-file and sterile saline

rrigation. The canals of no interest were again sealed with Cavit until the
ample was collected from the canal of interest. Neutralization of the
a(OH)2/2% CHX gel dressing was accomplished with 2 mL of 0.5%
itric acid followed by 2 mL of 3% Tween 80/0.3% L-�-lecithin intro-
uced into each canal with a sterile tuberculin syringe with a 30-G
axi-Probe irrigation needle (Dentsply International Inc). The canals
ere irrigated again with sterile saline and dried. As described previ-
usly, LDTM was introduced and collected, constituting the postdress-

ng sample (S3).
Four additional teeth diagnosed with irreversible pulpitis and no

adiographic signs of an apical lesion were treated identically to the test
roup. These served as a negative control to detect sample contamina-
ion potential.

The laboratory procedures were performed at the University of
orth Carolina Dental Microbiology Laboratory. The vials with the paper
oint samples were agitated with a vortex gently before aliquot disburse-
ent. Sample dilutions of 10, 100, and 1000-fold were prepared under

naerobic conditions using sterile glassware. Petri dishes with anaero-
ic Brucella sheep blood agar supplemented with heme and vitamin K
ere quantitatively inoculated by spiral plating (Spiral Systems; Inter-

cience, Hanover, MA) of undiluted sample as well as each of the three
ilutions. Plates were incubated at 37°C for 7 days in an anaerobic
hamber (Coy Anaerobic Systems) containing 10% hydrogen, 85% ni-
rogen, and 5% CO2. After incubation, the colony-forming units (CFUs)
ere obtained by using a Nikon 69229 stereoscope (Nikon, Melville,
Y) at 10� magnification.

tatistical Analysis
A log10 transformation of the CFU values was performed to nor-

alize the data. Repeated-measures analysis of variance was used to
etect significance in bacteria reduction among the S1, S2, and S3. The
umber of positive culture was also recorded at S1, S2, and S3. Fisher
xact tests were used to detect the differences in the number of positive
ultures between S1 and S2, S1 and S3, and S2 and S3. The level of
ignificance was set at 0.05 for all analyses.

Results
Three percent Tween 80 plus 0.3% L-�-lecithin was found to be an

ffective inactivating agent, ensuring full recovery of E. faecalis in the
resence of 2% CHX gel (Table 3). No test organisms were recovered
hen E. faecalis was tested against 2% CHX gel; 3% Tween 80/0.3%
-�-lecithin yielded a full recovery of E. faecalis.

Forty-three test subjects and four negative control subjects were in-
luded in the study. The log10 mean values and standard deviations at S1 to
3 are presented in Table 4. Percentages of root canals with positive culture

2% CHX
Gel � E.
faecalis

Neutralizer
� E. faecalis

Neutralizer
� 2% CHX
Gel � E.
faecalis

� ��� ���
Gel
Clinical Efficiency of 2% CHX Gel in Reducing Intracanal Bacteria 1285
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t S2 and S3 are summarized in Table 5 and Figure 1. All four negative
ontrol subjects showed no bacteria growth at S1, S2, and S3.

Bacteria were initially detected in 39 of the 43 test teeth. Four test
eeth with no initial bacterial growth were excluded from further anal-
sis. Of the teeth with positive culture at S1, 18 teeth were prepared to
60 and 21 teeth were prepared to #40. The mean log10 value was
.62 � 1.74 CFU/mL (S1).

Of the teeth that were culture positive at S1, 35 of 39 (89.7%) were
egative for culture at S2. For the size #40 and #60 groups, 19 of 21
90.5%) and 16 of 18 (88.9%) had a negative culture, respectively. There
as no statistical difference in the numbers of negative culture between

hese two groups at S2 (p � 0.871). The mean log10 value was below the
imits of detection (�1.32 CFU/mL) of the assay (S2). A significant decrease
n bacterial numbers from S1 to S2 was observed (p � 0.0001).

The average number of days of calcium hydroxide therapy was 19
ays, with a range of 14 to 29 days. Three samples in S3 were lost during
ulturing. Of the remaining samples, 33 of 36 (91.7%) were free of
acteria at S3. For the size #40 and #60 groups, 18 of 19 (94.7%) and
5 of 17 (88.2%) had a negative culture, respectively. There was no
tatistical difference in the numbers of negative culture between these
wo groups at S3 (p � 0.481). All four samples that were culture positive at
2 were free of bacteria at S3, but three samples that were culture negative
t S2 had recoverable CFUs at S3. The mean log10 value again was below the
imits of detection of the assay (S3). A significant decrease in bacterial
umbers from S1 to S3 (p�0.0001) was observed, but there was no sig-
ificant difference from S2 to S3 (p � 0.349).

The Fisher exact test showed a significant difference in the num-
ers of positive culture between S1 and S2 (p � 0.001) and between S1
nd S3 (p � 0.001). There was no statistical difference in the numbers
f negative culture between S2 and S3 (p � 0.692).

Discussion
The antimicrobial effectiveness of 2% CHX (solution or gel form)

as well investigated in vitro. It appeared that CHX and NaOCl have
imilar antimicrobial activity against the common organisms isolated
rom the root canal system (16). There are several advantages for the
linical use of CHX as root canal disinfectant over NaOCl, including low
oxicity (20), substantivity (19), more tolerable odor and taste, and
onbleaching. Despite its promising results from in vitro studies, pub-
ished clinical studies have been insufficient. In this study, we evaluated
he bacteria reduction ability of 2% CHX gel as a root canal disinfectant
n patients with chronic apical periodontitis.

ABLE 5. Percentage of Samples with Negative Culture at S2 and S3

Groups Initial Sample
Size* S2 (%) S3 (%)†

Size #40 21 19/21 (90.5) 18/19 (94.7)
Size #60 18 16/18 (88.9) 15/17 (88.2)
Total 39 35/39 (89.7) 33/36 (91.7)

Four samples did not show initial bacteria growth, and they were excluded from analysis.

ABLE 4. Log10 Mean Values (CFU/mL) and Standard Deviations (SD) at S1,
2, and S3

S1 S2 S3
Mean SD Mean SD Mean SD

Size #40 5.59 1.83 0.36 1.15 0.14 0.59
Size #60 5.64 1.69 0.32 0.94 0.41 1.27
Total 5.62 1.74 0.34 1.04 0.26 0.96
2Three samples were lost during culturing (S3).

286 Wang et al.
An effective method of inactivating 2% CHX solution was shown previ-
usly by Zamany and Spangberg (25). The authors used L-�-lecithin,
ween 80, and sodium thiosulfate in different proportions to prepare six
otential inactivating solutions. Inactivating agents and 2% CHX solution
ere tested against Enterococcus faecalis on blood agar plates. They

howed that the combination of 3% Tween 80 and 0.3% L-�-lecithin was the
ost effective inactivating agent. However, whether 3% Tween 80 plus 0.3%

-�-lecithin can effectively neutralizes 2% CHX gel (Endogel; Itapetininga,
ao Paulo, Brazil) has not been evaluated yet. To address this, an in vitro
xperiment modified from the protocol described by Zamany and Spang-
erg (25) was performed. Our data confirmed that 3% Tween 80 plus 0.3%
-�-lecithin was a superior neutralizing agent for 2% CHX gel and inacti-
ated the gel within 5 minutes. The presence of 1% Natrosol (Itapetininga,
P, Brazil) did not interfere with the neutralization process. It appeared that
% Tween 80 plus 0.3% L-�-lecithin requires the same amount of time to

nactivate either the gel or solution form of CHX.
There are several advantages of using the CHX gel over the solution; the

% CHX gel used in this study contains 1% natrosol, 17% EDTA, and 2%
HX, which is the same formulation that was used by Ferraz et al (22). Based
n the scanning electron microscopy study, Ferraz et al (22) showed that,
hen the root canal walls were treated with 2% CHX gel, almost all dentinal

ubules were opened. Those authors believed that 2% CHX gel was able to
lean the root canal walls and their anatomic complexities effectively be-
ause of the viscosity of the gel, which promoted a better mechanical cleans-
ng of the root canal and better removal of dentin debris and the remaining
issue. In addition to the mechanical properties, 2% CHX gel also has good
ntimicrobial activity and a lubricant action during instrumentation (22).
ence, compared with the solution form, the gel form can potentially dis-

nfect the dentinal tubules and anatomic complexities during instrumenta-
ion. Another advantage comes from its lubrication action, which leads to
ess stress on rotary files during instrumentation. In addition, 2% CHX gel
liminates the need for the use of root canal lubricant because it functions
ore like lubricant than irrigation solution.

Although numerous in vitro studies evaluated the antimicrobial
roperties of 2% CHX gel, there is only one clinical study available in the

iterature. Vianna et al (26) evaluated the microbial reduction after
hemomechanical preparation of human root canals containing ne-
rotic pulp tissue. Thirty-two single-rooted teeth with necrotic pulp and
pical periodontitis (from 32 patients) were selected for this study. One
roup (n � 16) was irrigated with 2.5% NaOCl during the root canal
nstrumentation, whereas the other group (n � 16) was irrigated with

igure 1. Percentage of samples with positive culture for each group at the
ifferent culturing points (S1 � initial sample, S2 � postinstrumentation sam-
le, and S3 � postdressing sample).
% CHX gel. Bacterial load was assessed by the use of real-time quan-

JOE — Volume 33, Number 11, November 2007
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itative-polymerase chain reaction and traditional culturing techniques.
eal-time quantitative-polymerase chain reaction showed that the bac-

erial reduction was greater in the NaOCl group than in the CHX group.
ccording to culture technique, 75% of cases were free of bacteria after
hemomechanical preparation in the NaOCl group, whereas 50% of
ases were bacteria free in the CHX group. The authors concluded that
.5% NaOCl was a more effective root canal irrigant than 2% CHX gel. In
ontrast, our results showed that 2% CHX gel was an effective root canal
isinfectant, and close to 90% of cases were void of bacteria after the
hemomechanical preparation. This disparity is probably caused by the
ifferences in the methodology between two studies. We speculated that
oth apical enlargement and irrigation technique attributed to higher
acterial reduction in this study. All single-rooted teeth were prepared
o the standardized size of #60/.04 using rotary NiTi instruments,
hereas Vianna et al (26) prepared them to the apical size of #35– 45
sing K-files followed by step-back instrumentation. Previous studies
ave shown that uniform reduction of bacteria occurred with progres-
ive filing (6, 7). Hence, a higher load of bacterial reduction is expected
or a larger apical preparation. In addition, the irrigation methods used
ere different between two studies. Vianna et al (26) stated that the use
f each instrument was followed by irrigation with a syringe containing
mL of 2% CHX gel and immediately after with 4 mL of saline. In

ontrast, we filled the root canal with 2% CHX gel and instrumented with
rotary NiTi file followed by rinse with physiologic saline. This proce-
ure was repeated for each file until the final preparation. In addition,
he root canals were treated with 2% CHX gel for 2 minutes after the
nstrumentation followed by copious rinse with physiologic saline. The
dvantage of our approach is that it allows 2% CHX gel to have sufficient
ontact time and physical contact with the root canal walls. Unlike 2%
HX solution, the gel form requires a longer contact time for effective
isinfection. In vitro studies showed that 2% CHX solution and 5.25%
aOCl had similar antimicrobial activities and required about the same
mount of time to eliminate microorganisms (16). However, 2% CHX
el requires much longer time to eliminate microorganisms compared
ith either 2% CHX solution or 5.25% NaOCl (16). Using the method

rom this study, the canals were soaked with 2% CHX gel for approxi-
ately 45 minutes during the entire treatment, which allowed sufficient

ime for proper root canal disinfection.
In addition to the contact time, adequate delivery of 2% CHX gel to

he root canal system is an important factor, particularly in curved roots.
nlike the solution, the gel form does not have a good flowing property.

t requires additional attention to deliver the gel to the root canal system.
his was accomplished in our study by several ways. First, root canal
reparations were performed with rotary NiTi instruments in the canals
illed with 2% CHX gel. In this way the gel was physically delivered
hroughout the root canal system as the rotary files were making contact
ith the walls. Second, larger apical preparation would allow adequate

ubrication of the apical third (6, 7, 18). Third, we used a 30-G Maxi-
robe irrigation needle to deliver 2% CHX gel. Because of its small
iameter, the needle was able to be placed close to the working length
nd allowed the proximity to the anatomic foramen (18).

On average, 40% to 60% of root canals have no cultivable bacteria
fter chemomechanical root canal preparation with NaOCl solution (6-
). Shuping et al (7) evaluated the extent of bacterial reduction with
iTi rotary instrumentation and 1.5% NaOCl irrigation in 42 patients
ith apical periodontitis. Bacterial samples were taken before and after

he instrumentation, and they were cultured anaerobically for 7 days.
he authors found that 62% of canals were rendered bacteria free after
nstrumentation with 1.5% NaOCl. By using a similar clinical protocol,

cGurkin-Smith et al (8) obtained 40% of canals sampled bacteria free
fter instrumentation and a strict irrigation protocol using 5.25% NaOCl

nd EDTA. It seems that increasing the NaOCl concentration from 1.5% t
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o 5.25% did not increase the percentage of canals sampled bacteria
ree. On the other hand, our results showed that 89.7% of canals pre-
ared with 2% CHX gel cultured bacteria free. It appears that 2% CHX gel

s a more effective disinfectant than 1.5% to 5.25% NaOCl when it is used
s in this study (Fig. 2). Nonetheless, direct comparison among these
tudies is not possible even though they were performed at the same
nstitution following similar clinical procedures and treatment philos-
phy. Currently, efforts have been made to investigate comparatively the
fficacy of 2% CHX gel versus 5.25% NaOCl as well.

To obtain a more predictable microbial control, the placement
f intracanal medicament of Ca(OH)2 is often recommended (5,
–10). Studies consistently showed that Ca(OH)2 can help to further
liminate surviving bacteria in the root canals (5, 7–10). However,
minimum of two-visit root canal treatment is required when using
a(OH)2 intracanal dressing because it is ineffective when used as
hort-term medicament (10). Although Ca(OH)2 is a good antimi-
robial agent, it is ineffective against some species of microorgan-
sms such as E. faecalis (10, 27), which is found in the case of
ersistent root canal infection.

To improve the antimicrobial efficacy of Ca(OH)2 against E.
aecalis, the combination of Ca(OH)2 and 2% CHX gel was used in
his study. Gomes et al (28) showed that Ca(OH)2 mixed with 2%
HX gel had better antimicrobial activity than Ca(OH)2 manipulated
ith sterile water in an in vitro study. In addition, Sirén et al (29)

howed that Ca(OH)2 was unable to kill E. faecalis in the dentine,
ut Ca(OH)2 combined with CHX effectively disinfected the dentine.
ther studies also support that the mixture of Ca(OH)2 and CHX

olution is more effective in eliminating E. faecalis than Ca(OH)2
lone (30). In a clinical study, Siqueira et al (31) showed that the
pplication of a 7-day intracanal dressing with Ca(OH)2/CHX gel can
urther increase the number of root canals yielding negative cul-
ures. Another randomized clinical trial showed that the antibacte-
ial efficacy of Ca(OH)2, 2% CHX gel, and Ca(OH)2/2% CHX gel was
omparable when used as intracanal dressing (23). Zerella et al
32) evaluated the effectiveness of Ca(OH)2/CHX intracanal dress-
ng in retreatment cases. At the beginning of the third appointment,
0% of teeth cultured positively culture after treated with Ca(OH)2
lone, whereas only 20% of teeth cultured positively after being
reated with Ca(OH)2/CHX. They did not find statistical difference
etween those two groups, probably because of the small sample
ize. Interestingly, all cases that initially harbored Enterococcus

igure 2. Percentage of samples with positive culture at the different culturing
oints from the selected studies (S1 � initial sample, S2 � post-nstrumenta-
ion sample, and S3 � postdressing sample).
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pecies were successfully disinfected with the Ca(OH)2 and CHX
ombination (32). Some authors argue that the presence of
a(OH)2 can reduce the antimicrobial efficiency of CHX (32). How-
ver, the mixture of Ca(OH)2/CHX might still be more beneficial
han Ca(OH)2 alone.

To neutralize Ca(OH)2/2% CHX gel intracanal dressing, we rinsed
he canals with saline followed by the addition of 0.5% citric acid to
nactivate Ca(OH)2 component and Tween 80/L-�-lecithin to inactivate
% CHX gel component. Previous studies have shown 0.5% citric acid
as effective in neutralizing calcium hydroxide from the root canal

ystem (7, 8). Tween 80/L-�-lecithin was also shown to inactivate the
HX component of the dressing (23, 31).

In our study, placement of Ca(OH)2/2% CHX gel intracanal dress-
ng for at least 2 weeks rendered 91.7% of canals bacteria free in teeth
ith apical periodontitis. This value is consistent with the previous re-
orts (Fig. 2). Shuping et al (7) had 92.5% of canals bacteria free when
lacing for Ca(OH)2 alone for at least 1 week. McGurkin-Smith et al (8)
ad 86% of canals bacteria free after 2 weeks of Ca(OH)2 alone. Inter-
stingly, unlike those studies, we did not find significant improvement of the
oot canal disinfection with additional intracanal dressing (Fig. 2). This
oes not imply that Ca(OH)2/2% CHX gel intracanal dressing is ineffective.
ather, it showed that 2% CHX gel is an effective root canal disinfectant.

The purpose of two-visit root canal treatment using intracanal
ressing (such as Ca[OH]2) is to predictably control the root canal
nfection (33). This is important because the negative culture before the
oot canal filling is related to long-term root canal treatment success (3,
). However, some studies questioned the effectiveness of calcium hy-
roxide to disinfect the canals and reported a residual flora in the canals
fter more than 1 week of the intracanal dressing (34, 35). In some
ases, residual bacteria in the canal grew in number even in the pres-
nce of calcium hydroxide (34, 35). We had a similar finding in our
tudy. Three samples showed no bacteria growth after root canal prep-
ration with 2% CHX gel, but the bacteria were detected after 2 weeks of
a(OH)2/2% CHX gel intracanal dressing. A possible explanation is that
low number of bacteria (under the detection limit by culturing) might

eside in anastomosing systems such as isthmus between mesiobuccal
nd mesiolingual canals of mandibular molars. These bacteria grew in
umber to a detection level over a 2-week period of calcium hydroxide
ressing. Alternatively, there could be contamination in bacteriologic
ampling or culturing step.

Ideally, one-visit root canal treatment is desirable if predictable
oot canal disinfection can be achieved. Our results showed that 2% CHX
el is an effective root canal disinfectant, and additional intracanal dressing
id not significantly improve the disinfection. Hence, we can speculate that
ne-visit root canal treatment with 2% CHX gel can be performed without
ompromising its long-term success. Nonetheless, further investigations
nd comparative studies are required to support this hypothesis. In sum-
ary, our results indicate that 2% CHX gel can be an effective root

anal disinfectant, and it is worthy of further investigation.
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