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Introduction: The antimicrobial substantivity of Mixture of Doxycycline, Citric acid, and Tween
80 (MTAD), Tetraclean, Tetraclean NA, Q-Mix, 2% Chlorhexidine (CHX) and Octenisept was
assessed in human root dentine blocks infected with Enterococcus (E.) faecalis. Methods and
Materials: A total of 170 dentine tubes were prepared from human maxillary incisors. After crown
and apical third removal, cementum was abraded. The remaining center-holed pieces were cut into
4-mm blocks, infected with E. faecalis in Brain Heart Infusion (BHI) broth for 28 days, then
randomly divided into 6 experimental groups (1n=25) and 2 controls (n=10). At 0, 7, 14, 21 and 28
days, dentine chips were removed from the canals, with sequential round burs with increasing
diameters, and collected into freshly prepared BHI broth. After culturing, growing colonies were
counted as colony forming units (CFU). Conventional non-parametric tests (Kruskal-Wallis and
Mann-Whitney tests) were used to assess intra-group (at different time frames) and inter-group
(at each experimental time) differences (P=0.05). Results: Tetraclean yielded the lowest CFU counts
(P<0.001) at each observation time. Tetraclean NA and Q-Mix showed better (P<0.001)
substantivity than 2% CHX and MTAD (except for Q-Mix versus MTAD at 14 days, P=0.21).
Conclusions: In this in vitro study, Tetraclean NA and Q-Mix displayed the best antimicrobial
substantivity against E. faecalis after Tetraclean in infected human root dentine. Considering the
findings of our study and potential drawbacks of antibiotic-based irrigants, free-antibiotic irrigants
may represent viable alternative for final rinse in root canal treatment.
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Introduction

helpful in eliminating the persistent microorganisms and avoid
bacterial recolonization. Sodium Hypochlorite (NaOCI) is the main

acteria causing persistent endodontic infections are usually

located in areas unaffected by instruments and antimicrobial
substances. Elimination of Enterococcus (E.) faecalis which is
present up to 74% of asymptomatic and persistent endodontic
infections [1-3] is a complicated task requiring the use of various
instrumentation techniques, irrigation-activation protocols and
intracanal medicaments. The use of a final root canal irrigant that
remains active for a prolonged period after its application might be

endodontic irrigant [4] but it does not have antimicrobial
substantivity i.e. a residual antimicrobial activity for a prolonged
period [5]. Thus, other products characterized by their
antimicrobial substantivity such as chlorhexidine (CHX) or certain
antibiotics (doxycycline) have been included in the formulation of
root canal irrigants [6]. More recently, root canal irrigants
combining substantivity, lower surface tension and smear layer
removal capacity have been introduced [7-12].
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Q-Mix (Dentsply Tulsa Dental, Tulsa, OK, USA) is a
CHX-based root canal irrigant that also contains EDTA,
saline and a detergent, which decreases surface tension. Due
to the presence of Ethylenediaminetetraacetic acid (EDTA),
Q-Mix can remove the smear layer [13-15]. Two antibiotic-
based root canal irrigants, Mixture of Doxycycline, Citric acid, and
Tween 80 (MTAD) (BioPure, Dentsply, Tulsa Dental, Tulsa,
OK, USA) and Tetraclean (Ogna Laboratori Farmaceutici,
Muggio, Italy) have been developed for smear layer removal
and final root canal disinfection [7, 16]. They are mixtures of
doxycycline (150 mg/mL-1 vs 50 mg/mL-1, respectively),
citric acid and detergents (Tween 80 vs polypropylene glycol
and cetrimide respectively) [7, 16]. Tetraclean NA (Ogna
Laboratori Farmaceutici, Muggio, Italy) has been recently
introduced without antibiotics being included in its
formulation (citric acid, cetrimide and polypropylene glycol)
[11, 12]. Octenisept (Schillke and Mayr, Nordersdedt,
Germany) is an antiseptic for skin burns, wound disinfection
and mouth rinse consisting of phenoxyethanol and
octenidine hydrochloride that demonstrated broad spectrum
antimicrobial effects covering both gram-positive and gram-
negative bacteria, fungi and several viral species [15].
Octenidine has been evaluated against E. faecalis [17] with
promising results in disinfecting root canal dentine after
different exposure times leading to consider the latter as a
potent root canal irrigant [18].

Since concerns were expressed regarding antibiotic-based
root canal irrigants due to the risk of bacterial resistance,
allergy and tooth discoloration [19, 20], antibiotic-free
solutions might be more suitable in the future. Therefore,
evaluation of antimicrobial substantivity of antibiotic-free
root canal irrigants is of prime importance to determine their
potential to replace antibiotic based root canal irrigants. To

the best of our knowledge, the antimicrobial substantivity of
MTAD and Tetraclean was investigated in previous studies
with encouraging results [7, 21, 22]. However, this property
has not been assessed yet for Q-Mix, Tetraclean NA and
Octenisept. Thus, relevant comparison of their antimicrobial
substantivity against E. faecalis may lead to modify the
clinical strategies for root canal irrigation especially in case
of persistent endodontic infections.

The aim of this in vitro study was to assess and compare
the antimicrobial substantivity of six root canal irrigants (2%
CHX, MTAD, Octenisept, Q-Mix, Tetraclean, Tetraclean
NA) against E. faecalis infected human root dentine. The null
hypothesis tested was that there would be no difference in
residual antimicrobial activity against E. faecalis between the
tested disinfecting solutions.

Materials and Methods

The methodology of the present study was based on the procedure
previously described by Haapasalo and Orstavik [23]. Seventy-
two extracted maxillary incisors with 14-18 mm root lengths and
without fracture, carious lesion and resorption were selected.
Teeth were thoroughly cleaned and stored in a 0.5% chloramine
T solution for 7 days at 5°C until the experiment.

The crown and the apical third (5 mm) were removed with
a rotary diamond saw at 1000 rpm (Isomet Plus precision
saw, Buehler, IL, USA) under water-cooling. Cementum was
removed by using abrasive paper (180-240 grit) (Ecomet 3,
variable-speed grinder-polisher, Buehler, IL, USA), which
resulted in a center-holed piece of root dentine with a 6-mm
outer diameter. In order to prevent dehydration, all teeth and
dentin slices were preserved in vials containing sterile water
during the procedure.

Table 1. Mean (SD) of CFU counts for the study groups at the different time intervals investigated. The results of the Kruskal-Wallis (K-W) test for
within-group comparison (last column) and for between-group comparison at each time interval (bottom row) all revealed a highly significant difference

Day 0 Day 7 Day 14 Day 21 Day 28 P-value (K-W test)

MTAD 2.20 (1.56) ** 4.43 (1.40) *® 8.32(1.72) *¢ 19.22 (2.41)*P 39.49 (3.19)*F  P<0.001
Tetraclean 0.00 (0.00) >* 0.00 (0.00) >* 0.52 (0.36) *® 7.09 (1.73) >¢ 15.53 (1.91)*  P<0.001
Tetra NA 0.24 (0.13) <A 1.12 (0.49) <® 4.41 (0.79) ©¢ 11.13 (1.88) «4P 19.52 (3.11) <& P<0.001
Q-Mix 0.95 (0.23) ¢4 3.44 (0.56) B 7.65 (2.18) *¢ 11.99 (2.15) ¢P 27.88 (3.52) 4 P<0.001
2% CHX 3.68 (2.60) “* 10.77 (2.40) 2 16.58 (1.89) ¢¢  35.10 (2.71) °P 51.33 (3.62) °F P<0.001
Octenisept 1.64 (0.33) ** 9.23(2.33) 52 16.36 (2.37)4¢  34.65 (2.67) &P 51.66 (3.39) °F P<0.001
P-value (K-W test) P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Different superscript lower-case and upper-case letters indicate statistically significant differences (P<0.05) among groups at each time interval (columns) and within groups
at different time intervals (rows) respectively (P=0.05)
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Figure 1. Schematic view of used dentin tubes

Depending on the root length, the remaining piece of each
tooth was then sectioned into 2 or 3, 4-mm thick slices with a
diamond saw as shown in Figure 1. The root canals of the 4-mm
blocks were enlarged (standardized) with an ISO 023 slow speed
round bur (Brasseler GmbH & Co., Lemgo, Germany). Each
dentine block (1#=170) was individually treated in an ultrasonic bath
(Bandelin Sonorex Super Digital 10 P, Sigma Aldrich, Saint Louis,
MO, USA) with 17% EDTA (pH 7.2) (Ogna Laboratori
Farmaceutici, Muggio, Italy) (4 min) and 5.25% NaOCl (Ogna
Laboratori Farmaceutici, Muggio, Italy) (4 min). The specimens
were then placed in glass tubes containing 5 mL Brain Heart
Infusion (BHI) broth (Oxoid, Basingstoke, UK) and autoclaved
(121'C, 15 min, 15 psi). Following transfer to yeast extract-glucose
broth (YG broth; Yeast Extract, Oxoid, Hampshire, England) (10
g/L glucose) and incubation (at 37°C for 24 h as a test for sterility),
the blocks were subjected to ultrasonic treatment for 10 min.

Experimental and control groups

A total of 170 specimens were randomly distributed into 6
experimental and 2 control groups according to the root canal
irrigant used after the contamination period as follows: Group 1
(n=25), MTAD; Group 2 (n=25), Tetraclean; Group 3 (n=25),
Tetraclean NA; Group 4 (n=25), Q-Mix; Group 5 (n=25), 2%
CHX; Group 6 (n=25), Octenisept; Group 7 (n=10), positive
control (infected dentine tubes); Group 8 (1=10), negative control
(sterile dentine tubes).

Contamination with E. faecalis and irrigation procedures

Isolated 24-h colonies of pure cultures of E. faecalis (ATCC® 29212™)
(American Type Culture Collection, Manassas, VA, USA) were
suspended in 5 mL of BHI broth and the turbidity was adjusted to a
0.5-1 McFarland. Two milliliters of sterile BHI were removed with
sterile pipettes and replaced with 2 mL of bacterial inoculum
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Figure 2. A microscope view (magnification 400x) of stained dentine tube

infected in vitro with E. faecalis for 28 days (Brown and Brenn staining)

in each bottle except for group 8 under laminar flow to avoid
contamination. The bottles were closed and kept at 37°C for 28 days,
with the replacement of 1 mL of contaminated BHI for 1 mL of
freshly prepared BHI every 2 days. After the contamination period,
the bacterial growth was verified using Brown and Brenn staining
method (Figure 2). Each specimen was removed from its bottle, and
the root canal was irrigated with 5 mL of sterile saline by using
sterile plastic syringes and 27-gauge needles and dried with sterile
paper points. In order to prevent contact of the irrigants with the
outer surface of the specimens, the latter was covered with nail
varnish. Thereafter, specimens were fixed at the bottom of wells of
24-well cell culture plates using disinfected sticky wax, which also
obliterated the apical surface of the root canal. Finally, disinfecting
solutions were delivered into the canal lumen with sterile 3 mL
plastic syringes and 27-gauge needles until the dentine tubes were
totally filled. Solutions were removed using sterile paper points 10
min after placement into the lumen.

Collection of dentine chips

The specimens were then incubated at 37°C for 28 days and
fresh BHI added every 2 days. At experimental times of 0, 7, 14,
21 and 28 days, dentine chips were removed from the root
canals of all specimens with sequential sterile low-speed (400
rpm) round burs (Brasseler Dental Savannah, GA, USA) with
increasing diameters of ISO sizes: 025, 027, 029, 031 and 033,
respectively (Figure 1). Each bur removed 0.1 mm of dentine
around the canal which was controlled using a digital caliper
(Mitutoyo, Tokyo, Japan). The powder dentine samples were
immediately collected in separate test tubes containing 3 mL of
freshly prepared BHI broth; 100 pL from each test tube was
cultured on blood agar. Growing colonies were counted and
recorded as colony forming units (CFU).
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Figure 3. Mean (SD) of CFU counts for all study groups at the different
time intervals

Statistical analysis

The D’Agostino and Pearson omnibus normality test was used to
assess the normal distribution of all data. Non-parametric
Kruskal-Wallis test was used to investigate the differences
between the experimental groups and the positive control. The
differences between groups at each experimental time were
evaluated using the Kruskal-Wallis test and the Dunn’s
multiple comparison test for independent samples was used to
compare all pairs of data at each time frame. The Friedman test
for paired observations was used to assess the differences
between time frames within each experimental group; the
difference between all pairs of data (day 0 vs day 7, day 7 vs day
14, day 14 vs day 21 and day 21 vs day 28) within each group
was evaluated by using the Dunn’s multiple comparison test
for paired samples. The significance level was set at 0.05.

Results

The mean values and standard deviations of the CFU counts for
each group at the different time frames are reported in Table 1.
Negative and positive samples provided constant mean CFU
counts of 0 and 120, respectively. The trend of the mean CFU
counts for each group is shown graphically in Figure 3.

Not all data followed a Gaussian distribution according to
the D’Agostino and Pearson omnibus normality test, so all the
comparisons were performed using non-parametric tests. The
results of the Friedman test for within-group comparison at the
different time frames and the Kruskal-Wallis test for between-
group comparison at each time interval revealed significant
differences (Table 1).

The most effective irrigant at each experimental time was
Tetraclean; in fact, the CFU counts of the group treated with
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Tetraclean resulted significantly lower than any other group at
each observation time (P<0.001 in all cases).

The irrigants showing the lower activity against E. faecalis were
Octenisept and 2% CHX. CFU counts on day 7, 14, 21 and 28 were
not significantly different between these two groups, but they were
significantly higher than any other group at each experimental time,
except at Day 0 when the CFU counts of Octenisept and MTAD
groups were not statistically different (P=0.16).

Tetraclean NA and Q-Mix provided CFU counts significantly
lower (P<0.001) than 2% CHX, MTAD and Octenisept groups
(except for Q-Mix vs MTAD at 14 days) (P=0.21) contrary to the
data in Table 1. CFU counts of Tetraclean NA group were
significantly lower than Q-Mix (except for 21 days) (P=0.09) at
each observation time (P<0.001).

Discussion

Several strategies have been recommended to assess the presence
and eradication of bacteria within dentinal tubules after different
disinfection procedures [22-25]. Dentine block models have been
reported to allow bacterial penetration into dentinal tubules for up
to 500 pum from the main root canal [1]. By forcing E. faecalis into
dentinal tubules with serial centrifugation, Ma et al. [25] overcame
the difficulty of obtaining an in vitro homogenous bacterial invasion
and the standardization of samples by culturing. Nonetheless, the
potential influence of centrifugation forces on bacterial resistance to
disinfecting agents (changes in DNA expression, auto/co-
aggregation and zeta potentials) and of time and gradualness in
their increasing (possible bacterial death) on the quality of in vitro
intratubular infection needs to be clarified.

In the present study, the positive control group showed viable
bacteria at all experimental times, which indicated the reliability of
the method, confirming the quality of intratubular infection before
treatment. The CFU counts of the positive group were not added in
Figure 3 since they were off scale respect to other groups. After the
contamination period, histological evaluation was selected to assess
the penetration depth of E. faecalis within the tubules.

Since the present study aimed to assess substantivity of
combinational products including EDTA, viability staining and
confocal laser scanning microscopy (CLSM) was not appropriate to
measure bacterial killing. Indeed, EDTA may affect the bacterial cell
wall and allows the red viability stain to penetrate into E. faecalis
even though they are not killed, leading to false-positive results [26].
Further reliable comparative experiments could not be performed
with EDTA only or with NaOCI/EDTA by using a dentine infection
model with viability stain and CLSM. Therefore, we decided to use
powdered dentine on plates for CFU counting to evaluate the
disinfection into the dentinal tubules at different layer depths.

In the present study, the 2% CHX substantivity remained for
at least 28 days on human dentine after 10 min of exposure. This
finding is in accordance with previous studies, which
demonstrated that CHX substantivity could be maintained 28
days with only 5 min of exposure [27]. The correlation between
the microbial viability and the presence of 2% CHX on dentine
after a 5 min exposure has been evaluated in vitro [27, 28]. 2%
CHX solution was detected for 48 h and 7 days, and its presence
was associated with a low percentage of viable cells in E. faecalis
biofilms [29]. However, on day 30, the CHX effect over the
microbial cells was equivalent to the control (saline) and CHX
amount was considered absent. The CHX antimicrobial activity
slowed down considerably after 10 min exposure when tested on
young and mature E. faecalis biofilms by using a dentine infection
model and CLSM [30]. Additional efforts are necessary to better
understand how CHX binds to mineralized and demineralized
dentine in order to maximize its retention and effectiveness and
optimize its clinical use [31]. Therefore, a 28 days observation and
a 10 min exposure have been selected to better investigate
kinematic of substantivity of the experimental solutions even if
this exposure time was not acceptable from a clinical point of view.
Further investigations are also needed to determine at which level
chelating agents use influence the physical and chemical
properties of dentine [32] and the adhesion and sealing ability of
the root canal sealers [33].

The demineralizing effects of chemical solutions are beneficial
permitting deeper penetration of antimicrobial agents and better
smear layer removal. However, the use of chelating or decalcifying
agents in combinational products for more than 3-5 min contact
times could promote erosion in the dentinal surface and not be
clinically acceptable. Poggio et al. [9] evaluated decalcifying
capability of different irrigating solutions and showed that for all
irrigating solutions, the maximum amount of Ca® extracted from
root canal dentine was reached after 10 min contact time except
for citric acid-based agents (Tetraclean and Tetraclean NA) which
induced a higher and still increasing calcium release even after 10
min contact time. Since the aim was to better understand
substantivity of the tested solutions over time, clinically acceptable
1-5 min exposures were not considered in the present study.

Residual antibacterial activity of CHX and Octenisept resulted
comparable except in the first sampling that showed better results
for Octenisept. Lin et al [34] suggested that the limited
antibacterial effect of CHX in the first h, was related to the dentine
absorption time and stated that CHX antibacterial capability
increased after reaching the saturation point. Q-Mix
demonstrated efficient initial activity (0.79% residual bacterial
load at day 0) and better substantivity against E. faecalis than 2%
CHX at all experimental periods. The presence of a detergent in
Q-Mix formula increases its wettability enhancing its dentinal
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tubule penetration depth. The nature of the CHX-dentine
interaction may also explain the findings obtained for Q-Mix
group. The presence of collagen is an important factor enhancing
the substantivity of CHX [35] and impacting the adhesion of E.
faecalis to dentine [36]. EDTA increases the dentine porosity [37]
and allows CHX to be trapped within the collagen network [31,
35] and to bind to the collagen matrix and underlying mineralized
matrix (negatively charged) [38].

Stojicic et al. [8] evaluated the efficacy of Q-Mix, 2% CHX, and
MTAD against E. faecalis and mixed plaque bacteria, in
planktonic and biofilm culture. In biofilm experiments, Q-Mix
killed up to 12 times more biofilm bacteria than 2% CHX and
MTAD after 1 and 3 min [8], which is in accordance with the
findings of the present study.

BioPure MTAD and Tetraclean are mixtures of doxycycline,
citric acid and surfactants with different antibiotic concentration
and type of detergent [7, 16]. Substantivity of doxycycline and
MTAD has been demonstrated for up to 4 weeks [22, 27]. In
contrast to the findings of the present study, Khademi et al. [27]
found that antibacterial substantivity of 2% CHX was significantly
greater than doxycycline. The antibiotic concentration in MTAD
formula may improve substantivity and the detergent may
increase doxycycline penetration depth into dentinal tubules.
Doxycycline 100 mg mL"' and MTAD showed more effective
substantivity than NaOCI at 28 days against planktonic status of
E. faecalis in bovine root dentine [22, 27]. However, when a
“biofilm method” was used, the efficacy of BioPure MTAD
regarding root canal disinfection seemed lower [7, 16]. A study
using E. faecalis biofilm revealed that BioPure MTAD was less
effective than NaOCl and Tetraclean against biofilm bacteria [7].

In the present study, Tetraclean caused an immediate drop to
undetectable CFU counts yielding mean values equal to 0 at Day
0 and Day 7. Its low surface tension (29.1 mJ/m?) [8] improving
its wettability, cetrimide and the bacteriostatic activity of
doxycycline may explain our results.

The solutions containing cetrimide (Tetraclean and
Tetraclean NA) exerted the highest substantivity. Since its cationic
nature, cetrimide interacts with dentine, resulting in an action
close to that of CHX, and is effective against many gram-positive
and gram-negative bacteria. Cetrimide showed also substantivity
when combined with CHX [39]. However, when used alone, 0.2%
cetrimide exerted residual antimicrobial activity for 24 h against
E. faecalis biofilm, comparable with 2% CHX [39] with no
difference in mineralized and demineralized dentine [37]. Pappen
et al. [40] showed that modifications of MTAD formula, where
Tween 80 was replaced by cetrimide, were more effective against
E. faecalis and polymicrobial biofilm than MTAD.

Tetraclean NA and Q-Mix showed the best substantivity after
Tetraclean. The highest regrowth was recorded for Tetraclean NA
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at day 21 and for Q-Mix at day 28 with no significant difference at
day 21. Q-Mix resulted as effective as 6% NaOCl against E. faecalis
within dentinal tubules [25]. A previous study showed that
Tetraclean NA maintained its antimicrobial activity on 60-day E.
faecalis mature biofilms, 20 min and 72 h after dentine contact
[10]. Under the same experimental conditions, Hypoclean, a
5.25% NaOCl modified with lowered surface tension, yielded
better antibacterial activity than Tetraclean NA and
Hypoclean/Tetraclean NA combination at each experimental
time. Thus, further studies are required to clarify the potential
antibacterial efficacy of Tetraclean NA.

Conclusion

Within the conditions of this study, Tetraclean solution displayed
the best antimicrobial substantivity against E. faecalis into dentine
tubules following by Q-Mix and Tetraclean NA. Therefore, the
null hypothesis was rejected. Considering the findings of our
study and the potential drawbacks of antibiotic-based irrigants,
Q-Mix and Tetraclean NA may represent viable alternative.
Further studies regarding antibacterial substantivity of free-
antibiotic irrigants should be performed in order to confirm our
encouraging results and to determine their scope and usefulness.
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