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INTRODUCTION
In root canal treatment, biome-
chanical instrumentation utilizes 
a series of instruments to scrape 
off infected dentine (1). This pro-
cess creates the smear layer which 
consists of dentine debris, rem-
nants of odontoblastic processes, 
pulp tissue, and bacteria. Removal 
of the smear layer, in addition to 
eliminating bacteria, also increas-
es the penetration efficiency of 
irrigants and medicaments into 
the complex anatomy of the root 

canal (2). Furthermore, the removal of the loosely adhered smear layer promotes good adaptation 
of the root filling material to the root canal wall (3).

Effective irrigants play an important role in the elimination of the smear layer. One method to 
debride the smear layer is the use of sodium hypochlorite (NaOCl) together with an inorganic sub-
stance-altering solution, such as chelating agents (ethylenediaminetetraacetic acid; EDTA) or acids 
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• CA concentration of at least 6% added into CHX 
provided equal smear layer removal efficacy to 
17% EDTA

• CHX antimicrobial efficacy against planktonic E. 
faecalis and C. albicans remains unchanged follow-
ing the addition of CA

• The mixed irrigant can help reduce clinical proce-
dure and time compared to the current method 
without losing efficiency

HIGHLIGHTS

Objective: To study the effectiveness of various concentrations of citric acid (CA) added to 2% chlorhexidine 
(CHX) on smear layer removal from the root canal wall and antimicrobial efficacy against Enterococcus faeca-
lis (E. faecalis) and Candida albicans (C. albicans).
Methods: Fifty-three single-rooted mandibular premolars were decoronate and the root canals underwent 
mechanical instrumentation using MTwo rotary files to size 40/0.06. The samples were then randomly di-
vided into 5 groups according to the root canal irrigants to be used: 17% ethylenediaminetetraacetic acid 
(EDTA), 2% CHX, 1%, 6%, and 10% citric acid-modified 2% chlorhexidine (CAmCHX). Three teeth irrigated with 
phosphate-buffered saline (PBS) were used as a negative control. The smear layer removal effectiveness was 
evaluated under scanning electron microscopy (SEM). Images were randomly taken at the apical, middle, and 
coronal third level. Statistical analysis was performed using Kruskal-Wallis and Mann-Whitney U tests. Disc 
diffusion and direct exposure tests were performed along with three additional control groups consisting of 
1%, 6%, and 10% CA groups to assess and compare the antimicrobial efficacy of irrigants against E. faecalis 
and C. albicans. Statistical analysis was conducted using one-way ANOVA and Dunnett’s T3 tests.
Results: Smear layer removal effectiveness in 17% EDTA group and 6% and 10% CAmCHX groups were not 
significantly different in the coronal and apical third of the root canal (P>0.05), however at the middle third of 
the root canal, the 10% CAmCHX group had significantly less remaining smear layer than all of the other ex-
perimental groups (P<0.05). There was significantly more smear layer remnant in the CHX group (P<0.01). For 
antimicrobial efficacy, the largest growth inhibition zone against E. faecalis was recorded in the 10% CAmCHX 
group (P<0.05). For planktonic E. faecalis, 1%, 6%, and 10% CAmCHX demonstrated an insignificant difference 
in antimicrobial efficacy compared to CHX (P>0.05). CA demonstrated no antifungal effect against C. albicans. 
Whereas, 6% and 10% CAmCHX resulted in the largest growth inhibition zone. Also, adding CA to CHX resulted 
in an insignificant difference in antifungal effect against planktonic C. albicans compared to CHX (P>0.05).
Conclusion: When CA was added into CHX, the mixed irrigant demonstrated smear layer removal ability. 
Additionally, its antimicrobial effect remained the same.
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single-rooted human mandibular premolars with complete 
root formation, no dental caries, were extracted for orthodontic 
reasons and stored in 0.1% thymol solution. Two radiographic 
images (mesiodistal and buccolingual views) of the teeth were 
taken to exclude teeth with moderate to severe root curvature 
and multiple root canals. A diamond disc (3M ESPE, St. Paul, MN, 
USA) was used to decoronate and flattened the occlusal table to 
the length of 16 mm. After endodontic access was achieved, a 
K-file is inserted to a working length of 15 mm, and teeth with 
an initial apical file size larger than 25 were also excluded from 
this study to standardize the initial canal size. Two longitudinal 
grooves, 0.5 mm in depth, were created on the buccal and lin-
gual surfaces using a diamond disc, to facilitate the splitting of 
the tooth. The roots were then coated with two layers of nail 
polish and embedded in putty silicone (3M ESPE) to simulate 
a closed system. The root canals were then mechanically pre-
pared using rotary instruments (MTwo, VDW GmbH, Munich, 
Germany) up to size 40/0.06 at a working length of 15 mm. 
During root canal preparation, 20 ml of 5.25% NaOCl (Sigma-Al-
drich, St. Louis, MO, USA) was used to irrigate the canal with a 
side-vented 27-gauge needle placed 2 mm short of the working 
length. All specimens were then incubated at 37°C.

Experimental groups and SEM examination
The specimens were randomly divided into 5 groups (n=10 
for each group) to be irrigated with different freshly-prepared 
solutions. Side-vented 27-gauge needles placed 2 mm short 
of the working length were used to irrigate the root canals. 
The total volume of irrigants (13 ml) and irrigation time were 
equally measured in every group and the irrigants were ad-
ministered with a constant 2 mm vertical movement of the 
needle. The irrigants were aspirated and canals dried with pa-
per points between the use of each irrigant. The experimental 
groups were classified as follow:

Control group: 13 ml of phosphate-buffered saline (PBS)

Group 1 (17% EDTA): 5 ml of 2.5% NaOCl followed by 3 ml of 
17% EDTA (Sigma-Aldrich) and left for 1 minute. Then, rinse 
with 5 ml of 2.5% NaOCl.

Group 2 (2% CHX): 5 ml of 2.5% NaOCl before flushing out by 5 
ml of normal saline solution (NSS). Then, rinse with 3 ml of 2% 
CHX for 1 minute.

Group 3 (1% CAmCHX): 5 ml of 2.5% NaOCl before flushing 
out by 5 ml of NSS. Then, rinse with 3 ml of 1% CAmCHX for 1 
minute.

Group 4 (6% CAmCHX): 5 ml of 2.5% NaOCl before flushing 
out by 5 ml of NSS. Then, rinse with 3 ml of 6% CAmCHX for 1 
minute.

Group 5 (10% CAmCHX): 5 ml of 2.5% NaOCl before flushing 
out by 5 ml of NSS. Then rinse with 3 ml of 10% CAmCHX for 
1 minute.

After irrigation, all specimens were split longitudinally using 
chisel and mallet and then kept in 1% osmium tetroxide in 
0.1% PBS, pH 7.1 at 4°C for two hours. All teeth were sequen-
tially dehydrated using a graded ethyl alcohol series: 30%, 
50%, 70%, 90%, and 100%, then critical-point dried with liquid 
carbon dioxide, and sputter-coated with gold. Each specimen 

(polyacrylic, maleic, or citric acid; CA) (4, 5). Some studies have 
reported that EDTA is an inefficient root canal disinfectant and 
should not be used as a stand-alone irrigant (6, 7). A proposed 
irrigation protocol for smear layer removal suggests using 10 
ml of 17% EDTA followed by 1 ml of 5% NaOCl (5, 7). The com-
plexity of this procedure has led to many attempts to devel-
op a new and convenient single irrigant that combines both 
smear layer removal and disinfection ability. BioPure MTAD 
(Dentsply, Tulsa, OK, USA) which contains CA, a smear layer re-
mover, and doxycycline, a disinfectant, and QMiX (Dentsply) 
which contains EDTA and chlorhexidine (CHX), are some ex-
ample of such new irrigants.

CA is used as a root canal irrigant to remove the smear layer 
because it is a weak organic acid (8). Studies have evaluated 
concentrations of CA from 1-50% in their smear layer removal 
and antimicrobial efficacy (9-11) with a report indicating that 
the root canal wall can be debrided with 10% CA (12). Also, 
10% CA has an equal smear layer removal efficiency to that 
of 17% EDTA (3, 13). Yamaguchi et al. (10) have demonstrat-
ed that CA is able to kill many bacterial strains isolated from 
infected root dentine. Many in vitro studies have also shown 
that CA has greater biocompatibility, and less tissue irritation, 
than does EDTA (14, 15). Therefore, CA may be better suited 
than EDTA as a root canal irrigant.

CHX, a bis-biguanide synthetic compound, is a broad-spec-
trum disinfectant. A study shows that 2% CHX can eliminate 
Enterococcus faecalis (E. faecalis) and Candida albicans (C. albi-
cans) (16, 17). These two microorganisms can be found in root-
filled teeth with apical periodontitis (18). In addition, CHX has 
no effect on the adhesion of resin composite filling materials 
to the dentine of the pulp chamber (19) or the adhesion of 
root canal sealers (20). A study has demonstrated that CHX has 
a substantivity effect, or the long-lasting antimicrobial effect, 
in the root canal (21). Therefore, CHX seems to be highly effec-
tive as a final irrigating solution.

CA has the ability to remove the smear layer, while CHX can 
eliminate microorganisms. To simplify the irrigation procedure 
performed using EDTA followed by NaOCl, the authors pro-
pose citric acid-modified chlorhexidine (CAmCHX) as a final 
rinse irrigant. A study detected no formation of a precipitate 
when CA was added to CHX (22) while another study also de-
tected no change in the demineralization effect of CA when 
added to CHX (23). Therefore, the aim of this study was to de-
termine the efficacy of various concentrations (1%, 6%, and 
10%) of CA added to 2% CHX on smear layer removal, their 
antibacterial efficacy against E. faecalis, and their antifungal 
efficacy against C. albicans. The null hypothesis was that there 
is no difference in smear layer removal and antimicrobial effi-
cacy of the irrigants tested.

MATERIALS AND METHODS

Assessment of smear layer removal
Specimen preparation
This study protocol was approved by the Human Experimenta-
tion Committee of the Faculty of Dentistry, Chiang Mai Univer-
sity, Chiang Mai, Thailand (Clearance No.13/2018). Fifty-three 
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bules in the control group (Fig. 1a-c) and the 2% CHX group 
(Fig. 1g-i) were completely covered with a smear layer in all 
three levels. In the EDTA group and every concentration of 
CAmCHX groups, the tubules were mostly visible at the coro-
nal and middle third of the root canal wall (Fig. 1d-e, 1j-k, 1m-
n, 1p-q). However, fairly clean root canal walls with little smear 
layer covering the dentinal tubules were observed at the api-
cal third. (Fig. 1f, 1l, 1o, 1r).

The statistical analysis revealed that the CHX group had sig-
nificantly more remaining smear layer than all the other ex-
perimental groups in all three tested locations (P<0.05). At the 
coronal and apical third of the root canal, the 6% CAmCHX and 
10% CAmCHX groups had comparable remaining smear layer 
to the EDTA group (P>0.05) while the 1% CAmCHX group had 
significantly more remaining smear layer than the EDTA group 
(P<0.05) (Fig. 2). However, at the middle third of the root ca-
nal, the 10% CAmCHX group had significantly less remaining 
smear layer than all of the other experimental groups (P<0.05).

Evaluation of antimicrobial properties
Disc diffusion
For E. faecalis (Table 1), the diameter of the inhibition zone 
provided by 2% CHX was significantly larger than every con-
centration of CA (1%, 6%, and 10%) (P<0.05). Statistical anal-
ysis showed that the growth inhibition zone provided by 1% 
CAmCHX was not different from 2% CHX (P>0.05) while 10% 
CAmCHX had a significantly larger diameter of inhibition zone 
than 6% CAmCHX and 1% CAmCHX (P<0.05).

For C. albicans (Table 1), the inhibition zone was not observed 
with PBS and all concentrations of CA (1%, 6%, and 10%). How-
ever, in the mixed solutions (all concentrations of CAmCHX), 
a significantly larger diameter of the inhibition zone was ob-
served than with only 2% CHX (P<0.05). There was no signifi-
cant difference between the inhibition zones of 6% CAmCHX 
and 10% CAmCHX (P>0.05).

Direct exposure test
As depicted in Table 2, 10% CA can eliminate E. faecalis after 60 
seconds, while 2% CHX and the mixture of all concentrations 
of CAmCHX were able to eliminate the microorganism after 
only 30 seconds. Every concentration of CA was not capable of 
eliminating C. albicans (Table 3), opposite to 2% CHX, and the 
mixture of all concentrations of CAmCHX groups displayed 
the ability to eliminate the fungus.

DISCUSSION
The results demonstrated that every concentration of CA 
equally added into 2% CHX could effectively remove the 
smear layer from the root canal wall comparable to the current 
standard method of using 17% EDTA. CHX displays a high an-
timicrobial activity. Also, due to dentine absorption and slow 
release of CHX, it helps maintain the antimicrobial effect for an 
extended period of time (26). Despite its antimicrobial effica-
cy, CHX cannot remove the smear layer which covers the root 
canal wall following biomechanical debridement, as demon-
strated by the CHX group which was used as an internal con-
trol. Therefore, in order to remove the smear layer, further pro-
cedures involving the use of chelating agents, such as EDTA 
or CA, are necessary. A study reported that mixing CHX into 

was examined under a scanning electron microscope (JSM 
6610LV, JEOL, Akishima, Japan) at a magnification of 2,000x 
to assess the efficacy of smear layer removal. For every spec-
imen, three images were randomly recorded at each of three 
levels: the coronal, middle, and apical third of the root canal. 
Two blinded and calibrated examiners assessed the amount 
of remaining smear layer according to the scoring method de-
scribed by Gutmann et al. (24).

Assessment of antimicrobial properties
Disc diffusion
E. faecalis (ATCC 29212) and C. albicans (ATCC 10231) were 
used for the assessment of the antimicrobial property of CHX 
modified with three concentrations of CA (1%, 6%, and 10%) 
compared to plain 2% CHX, 1% CA, 6% CA, 10% CA, and PBS. 
The experiment was carried out using disc diffusion. Each test 
was performed three times. Disc diffusion was performed by 
incubating E. faecalis and C. albicans overnight at 37ºC on 
Brain Heart Infusion (BHI) agar and Sabouraud Dextrose Agar 
(SDA), respectively. The microbes were subcultured in BHI 
broth (E. faecalis) and Sabouraud Dextrose Broth (SDB) (C. al-
bicans) to a concentration of 0.5 McFarland standard (E. fae-
calis=1x108 CFU/ml and C. albicans=1x106 CFU/ml). An aseptic 
cotton swab was used to gather the microbes by placing it in 
the broth and gently pressed against the tube wall to remove 
the excess liquid. Then the swab was streaked throughout the 
agar and left to dry for 5 minutes. 20 ml of each root canal 
irrigating solution was pipetted and dropped on aseptic filter 
papers with a diameter of 6 mm before placing the papers on 
the agar. The agar plates were then incubated at 37ºC for 24 
hours and the inhibition zones were measured in millimeters.

Direct exposure test
E. faecalis and C. albicans were incubated overnight at 37ºC on 
BHI agar and SDA, respectively, as performed in the disc diffu-
sion test. Then, the microbes were subcultured in BHI broth (E. 
faecalis) and SDB (C. albicans) to a concentration of 0.5 McFar-
land standard. Following that, 100 µl of the cultured solution 
was centrifuged at 10.000 rpm for 5 minutes. The supernatants 
were removed and 100 µl of the root canal irrigating solution 
was added and incubated for 30, 60, 90, and 120 seconds. 
After incubation, 900 µl of PBS was added to perform single 
plate-serial dilution spotting (SP-SDS) (25) on the agar. The 
agar was then incubated at 37ºC for 24 hours and the number 
of colonies was counted.

Statistical analysis
The difference in the remaining smear layer and size of the inhi-
bition zone was analyzed using Kruskal-Wallis and Mann-Whit-
ney U tests with a significance level of P<0.05. The difference 
in the number of bacterial colonies was analyzed using one-
way ANOVA and Dunnett’s T3 tests with a significance level 
of P<0.05. SPSS Statistics 17.0 (IBM Corporation) was used for 
statistical analysis.

RESULTS

Evaluation of smear layer removal
SEM images representing the coronal, middle, and apical third 
of the root canal wall are shown in Figure 1. The dentinal tu-
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Figure 1. SEM images (2.000x) demonstrating the results of each irrigant. The dentinal tubules in the control group and CHX group were 
completely covered with a smear layer at every level of the root canal (a, b, c, g, h, i). The dentinal tubules in the EDTA group were mostly free of 
smear layer at the coronal and middle third of the root canal (d,e) but were partially covered with smear layer at the apical third of the root canal 
(f), similar to the 6% CAmCHX group (m, n, o) and 10% CAmCHX group (p, q, r). The dentinal tubules in the 1% CAmCHX group were heavily 
covered with smear layer at the apical third but were partially covered at the middle and coronal third of the root canal (j, k, l)
CA: Citric acid, CHX: Chlorhexidine, CAmCHX: Citric acid-modified chlorhexidine, EDTA: Ethylenediaminetetraacetic acid

Figure 2. Stacked bar chart showing the percentage scores for the remaining smear layer coronal, middle, and apical third of the root canal after 
irrigating with each irrigant. Different superscript letters indicate a statistically significant difference between groups (P<0.05)
CA: Citric acid, CHX: Chlorhexidine, CAmCHX: Citric acid-modified chlorhexidine, EDTA: Ethylenediaminetetraacetic acid
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2.38, 2.44, and 3.04 after adding 10%, 6%, and 1% CA into CHX, 
respectively, may have influenced the decreasing smear layer 
removal ability of the irrigants. Haznedaroglu (9) also reported 
that at the same concentration, the lower pH solution showed 
greater smear layer removal ability.

In the current study, no significant difference in smear layer 
removal ability between 6% and 10% CAmCHX solutions and 
EDTA was found, which corresponds with other in vitro stud-
ies (23, 27). In contrast, Yamada et al. (7) suggested that CA 

CA does not change the decalcifying properties of the solu-
tion (23). The combination of CA and CHX provides a broad 
antimicrobial activity (17) and smear layer removal capability. 
As a result, this mixture may simplify irrigation procedures and 
decrease tissue toxicity.

The present study found that there was no significant differ-
ence between the effectiveness in smear layer removal be-
tween 6% and 10% CAmCHX solutions, but both were more 
effective than the 1% CAmCHX solution. The increasing pH of 

TABLE 1. Mean and standard deviation of the diameter of the growth inhibition zones (mm) provided by different irrigants against  
E. faecalis and C. albicans

Irrigant pH                                                                              Diameter of the growth inhibition zones (mm)

  E. faecalis C. albicans

PBS 7.31 0 0
1% CA 2.51 7.72±2.97a 0
6% CA 2.03 8.67±2.52b 0
10% CA 1.77 10.67±1.15c 0
2% CHX 5.51 16.67±0.29d 10.50±1.80A

1% CAmCHX 3.04 16.67±0.29d 11.33±1.53B

6% CAmCHX 2.44 17.17±0.76e 11.67±0.58C

10% CAmCHX 2.38 17.50±0.50f 11.67±0.58D

CA: Citric acid, CHX: Chlorhexidine, CAmCHX: Citric acid-modified chlorhexidine, PBS: Phosphate-buffered saline. Different superscript letters indicate a statistically 
significant difference between groups

TABLE 2. Number of E. faecalis colonies (LogCFU/ml±SD) after tested with various irrigants for 30, 60, 90 and 120 seconds

Irrigant                                                        E. faecalis
                                                          (LogCFU/ml±SD)

 30 sec 60 sec 90 sec 120 sec

PBS 7.99±0.01ab 7.58±0.02ace 7.42±0.05cde 8.05±0.10b

1% CA 7.98±0.09ab 7.48±0.09cde 7.36±0.06de 8.00±0.07ab

6% CA 7.83±0.06abc 7.40±0.00cde 7.10±0.04d 7.48±0.01cde

10% CA 7.25±0.54de 4.91±0.02f 4.70±0.04f 3.05±0.10g

2% CHX 0 0 0 0
1% CAmCHX 0 0 0 0
6% CAmCHX 0 0 0 0
10% CAmCHX 0 0 0 0

CA: Citric acid, CHX: Chlorhexidine, CAmCHX: Citric acid-modified chlorhexidine, PBS: Phosphate-buffered saline. Different superscript letters indicate a statistically 
significant difference between groups

TABLE 3. Number of C. albicans colonies (LogCFU/ml±SD) after tested with various irrigants for 30, 60, 90 and 120 seconds

Irrigant                                                        C. albicans
                                                          (LogCFU/ml±SD)

 30 sec 60 sec 90 sec 120 sec

PBS 5.99±0.01a 5.85±0.05ab 5.78±0.02ab 5.88±0.09ab

1% CA 5.91±0.05ab 5.77±0.12ab 5.69±0.02ab 5.77±0.11b

6% CA 5.86±0.06ab 5.71±0.17ab 5.66±0.07ab 5.75±0.17b

10% CA 5.86±0.69ab 5.73±0.05ab 5.63±0.08ab 5.78±0.12b

2% CHX 0 0 0 0
1% CAmCHX 0 0 0 0
6% CAmCHX 0 0 0 0
10% CAmCHX 0 0 0 0

CA: Citric acid, CHX: Chlorhexidine, CAmCHX: Citric acid-modified chlorhexidine, PBS: Phosphate-buffered saline. Different superscript letters indicate a statistically 
significant difference between groups
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with a final irrigant with an antiseptic effect such as NaOCl or 
CHX to kill any remaining bacteria in the root canal (6, 7). CHX 
is effective in disinfection, especially against E. faecalis and C. 
albicans, which can be found with a high prevalence in root-
filled teeth with apical periodontitis (18). CA has not only the 
ability to eliminate the smear layer, but also the antimicrobial 
ability (10). It is less cytotoxic than EDTA (14), easily attainable, 
and affordable. The combination of these two compounds 
is, therefore, an effective enhancement of antimicrobial and 
smear layer removal irrigant. According to this study, mixed 
solutions can maintain the efficiency of both irrigants.

Since the combination of the two solutions in this study was 
freshly mixed, a further examination of the stability of the 
mixed irrigant should be examined. The cell toxicity and bio-
film disinfection efficacy of the irrigant should also be studied.

The limitation of the current study lies in the use of disc diffu-
sion and direct exposure test to assess the antimicrobial effica-
cy of the mixed irrigant. Root canal infection is polymicrobial, 
presenting in the form of biofilm (29). Therefore, an antimicro-
bial study in the form of multispecies and antibiofilm effect 
may better represent the true working condition of root ca-
nal disinfection. This is due to the multiple virulence factors 
or mechanisms between microorganisms which could affect 
the efficacy of irrigants. Nevertheless, the aim of the current 
study of assessing the smear layer removal and antimicrobial 
effect of the mixed irrigant resulted in initial pilot data of the 
working irrigant that can be developed further.

CONCLUSION
The addition of 6% or 10% CA to CHX had equal efficacy in re-
moving the smear layer from the root canal wall to 17% EDTA 
which is the current standard, while CHX remains viable and 
effective in killing planktonic microorganisms of E. faecalis and 
C. albicans.
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showed less smear layer removal when compared to EDTA. 
However, irrigating with EDTA for a long period of time can 
cause peritubular and intertubular dentin erosion, dentin soft-
ening, and degradation of collagen fibers, which may affect 
the bonding of root canal fillings (28).

The second part of this study aimed at assessing the antimi-
crobial efficiency of the mixed irrigants. The antimicrobial ef-
ficiency of various irrigants was tested with E. faecalis and C. 
albicans because they are the representative bacteria and fun-
gus found in persistent endodontic infection, and have been 
reported with a high prevalence in failed root canal treated 
teeth (29, 30). Disc diffusion and direct exposure tests have 
been selected for this study to determine the antimicrobial 
efficiency of all experimental groups. Antibacterial and anti-
fungal tests with disc diffusion method demonstrated that 2% 
CHX is more effective than all concentrations of CA (1%, 6%, 
and 10%). The results were similar to those of a study by Pra-
do et al. (31), who tested the antimicrobial effect of root canal 
irrigants on E. faecalis and C. albicans using the disc diffusion 
method. That study found that 2% CHX had a larger diameter 
of microbial growth inhibition zone than 10% CA. Interesting-
ly, in that study, all concentrations of CA had no antimicrobial 
effect on C. albicans. The findings of Prado et al. corresponds 
with that of Fidalgo et al. (32), who tested the inhibitory ac-
tivity of 3 root canal irrigants using disc diffusion test and re-
ported that CA did not present any antimicrobial activity on 
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