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ABSTRACT: Microorganisms are fundamental etiological factors in pulpal and periapical diseases. 
Enterococcus faecalis, a Gram-positive facultative anaerobic coccus, can penetrate dentinal tubules 
and survive chemical-mechanical instrumentation. Endodontic success requires effective irrigation to 
reach areas inaccessible to instruments. Despite sodium hypochlorite's antimicrobial efficacy, its toxicity 
necessitates exploring alternatives.  To evaluate Smear Clear®'s antimicrobial efficacy against E. 
faecalis. This in vitro study tested Smear Clear® against E. faecalis (ATCC 29212®) strain, determining 
its antimicrobial efficacy and establishing minimum inhibitory and bactericidal concentrations. Bacterial 
sensitivity was tested using microplate dilution techniques with appropriate controls. Smear Clear® 
at 100% showed bactericidal activity against E. faecalis. At 50% concentration, it demonstrated the 
minimum concentration needed for growth inhibition with bacteriostatic properties. Smear Clear® 
exhibits antimicrobial properties against E. faecalis and represents a potential alternative to sodium 
hypochlorite in endodontic irrigation, with its components, particularly cetrimide, directly affecting 
bacterial sensitivity.

KEYWORDS: Enterococcus faecalis; Root canal irrigants; Anti-bacterial agents; Microbial sensitivity tests; 
Biofilms; Dental pulp cavity.
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RESUMEN: Los microorganismos son factores etiológicos fundamentales en enfermedades pulpares y 
periapicales. Enterococcus faecalis, un coco Gram-positivo anaerobio facultativo, puede penetrar túbulos 
dentinarios y sobrevivir a la instrumentación químico-mecánica. El éxito endodóntico requiere irrigación 
efectiva para alcanzar áreas inaccesibles a los instrumentos. A pesar de la eficacia antimicrobiana 
del hipoclorito de sodio, su toxicidad requiere explorar alternativas.  Evaluar la eficacia antimicrobiana 
de Smear Clear® contra E. faecalis. Este estudio in vitro evaluó Smear Clear® contra la cepa E. 
faecalis (ATCC 29212®), determinando su eficacia antimicrobiana y estableciendo concentraciones 
mínimas inhibitorias y bactericidas mediante técnicas de microdilución en microplacas con controles 
apropiados. Smear Clear® al 100% mostró actividad bactericida contra E. faecalis. Al 50% demostró ser 
la concentración mínima necesaria para inhibir el crecimiento con propiedades bacteriostáticas. Smear 
Clear® exhibe propiedades antimicrobianas contra E. faecalis y representa una alternativa potencial al 
hipoclorito de sodio en irrigación endodóntica, con componentes, particularmente cetrimida, que afectan 
directamente la sensibilidad bacteriana.

PALABRAS CLAVE: Enterococcus faecalis; Irrigantes del conducto radicular; Agentes antibacterianos; 
Pruebas de sensibilidad microbiana; Biopelículas; Cavidad pulpar dental.

INTRODUCTION

There has consistently been a demand 
to eliminate microorganisms that survive in the 
root canal system to avoid failures in endodontic 
treatment, which produce pain, inflammation, and 
other symptoms that restrict the quality of life of the 
patient and the success of restorative treatments. 
Periapical lesions contain a variety of bacteria, 
including Gram-negative anaerobic bacilli, Gram-
positive anaerobic cocci, and facultative anaerobic 
Streptococcus (1). Among these microorganisms, 
Enterococcus faecalis (E. faecalis) has emerged 
as particularly significant in endodontic research. 
This Gram-positive coccus, facultative anaerobic, 
immobile, and non-sporulated, is considered a 
normal inhabitant of the human gastrointestinal 
tract, yet has long been of interest to researchers 
because it was recognized as the causative agent 
of persistent periapical infections (2,3).

The microbial ecology in cases of endodontic 
failure presents distinctive characteristics compa-
red to primary infections. Multiple studies explain 
that the microbiota of dental organs with endodon-
tic treatment failures differ significantly from that 

normally found in untreated tooth canals. While 
primary infections show diverse microbial commu-
nities, the ecosystem of microorganisms found in 
teeth with failure in endodontic treatment is predo-
minantly facultative anaerobic and Gram-positive, 
with E. faecalis being the species most frequently 
isolated. This prevalence can be attributed to its 
remarkable characteristic to survive and grow in 
microenvironments that could be toxic and vulne-
rable for many bacteria, in specific areas with high 
concentrations of salts and extreme temperatures 
(15-60ºC)(3).

The persistence of E. faecalis in the root 
canal system stems from its high virulence and 
adaptability to hostile environments. It is pertinent 
to highlight these characteristics which allow this 
microorganism to generate failures in endodontic 
therapy because once it penetrates into the root 
canal, it can adhere to the collagen of dentin, bone 
collagen, and other tissues, enter the dentinal 
tubules, resist drugs such as calcium hydroxide, 
survive irrigation with sodium hypochlorite, and 
form biofilm both at the intraradicular and extra-
radicular levels. These properties collectively favor 
the appearance of persistent periapical lesions, 
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creating significant challenges for conventional 
endodontic treatment approaches (4).

Effective endodontic therapy requires compre-
hensive disinfection strategies targeting resistant 
microorganisms. To eliminate infection from the root 
canal system, it is necessary to clean and shape 
them, as well as to seal three-dimensionally, elimi-
nating empty spaces that may have the potential 
to be infected or reinfected. Despite advances 
in irrigation solutions, there is no substance that 
has all the characteristics of an ideal irrigator of 
the root canal systems. The limitations of current 
irrigants have driven the search for alternatives 
with improved properties. Among the irrigants 
introduced, Smear Clear® (SybronEndo, Orange, 
CA, USA), which has been in use since at least 
2006, has been studied as a potential solution 
(5,6). The formula contains 17% EDTA, cetrimide, 
and a special surfactant, combining chelating 
properties with antimicrobial potential. It is stated 
that the surface tension reducer improves the 
contact angle of the solution when placed on the 
dentin surface and enhances cleaning efficiency 
(5). Furthermore, research has demonstrated that 
the addition of cetrimide in irrigating solutions 
increased its antibacterial effects on Enterococcus 
faecalis in the dentinal tubules (6).

The scientific significance of this research 
lies in addressing a critical gap in endodontic antimi-
crobial strategies. Despite extensive knowledge of 
mechanical preparation and irrigation protocols, 
persistent infections caused by resistant microor-
ganisms like E. faecalis continue to challenge 
treatment outcomes. While sodium hypochlorite 
remains the gold standard for canal disinfection, 
its cytotoxicity creates risks for periapical tissues. 
Finding alternative irrigants that combine effec-
tive cleaning with potent antimicrobial proper-
ties against resistant organisms would represent 
a significant advancement in clinical practice. 
Therefore, the objective of this investigation was 
to evaluate the antimicrobial efficacy of Smear 

Clear® in the elimination of Enterococcus faeca-
lis, potentially establishing it as a multifunctional 
irrigant with improved safety profile for compre-
hensive endodontic disinfection.

MATERIALS AND METHODS

An in vitro experimental study was conduc-
ted, in which the antimicrobial activity of Smear 
Clear® was determined in the elimination of 
Enterococcus faecalis (ATCC 29212®).

Population and sample. The study evaluated 
the antibacterial activity of Smear Clear® (Sybro-
nEndo, Orange, CA, USA) against the reference 
strain of Enterococcus faecalis (ATCC 29212®), 
which is recommended for sensitivity and quality 
control tests according to CLSI(7), provided by the 
Molecular Biology and Genetics Group, School of 
Medicine of the University of Cartagena.

Preparation of culture medium. For the 
test, Mueller Hinton Agar was used as the culture 
medium due to its standardized composition for 
antimicrobial susceptibility testing, reliability in 
supporting the growth of non-fastidious microorga-
nisms, and consistency with established protocols 
for evaluating antimicrobial efficacy. The medium 
was prepared according to the manufacturer's 
instructions (8). All procedures were performed 
inside a laminar flow cabinet to preserve the steri-
lity of the culture medium.

It is important to highlight that, for sterility 
control of the medium, after preparation, it was 
sterilized in an autoclave at a temperature of 
121˚C for 15 minutes and kept in a water bath 
until reaching a temperature between 48-50°C.

Microbiological methods. The Enterococ-
cus faecalis strain (ATCC 29212®) was used, 
recommended for sensitivity testing. The strains of 
Enterococcus were obtained using the KWIK-STIK 
system, consisting of a swab containing the bacte-
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ria in a lyophilized state. That same system has a 
moisturizing liquid, which suspends the bacteria 
before being seeded in the culture medium. Once 
the bacteria grew, a purity control was carried out 
by performing a Gram stain, which showed Gram-
positive cocci compatible with E. faecalis.

Preparation of the bacterial inoculum. 
Bacteria stored in freezing (-80ºC) were cultivated 
by scraping with a microbiological handle on the 
bacterial solution contained in thioglycolate plus 
glycerol and seeding them on nutritive agar using 
the depletion method. Subsequently, they were 
incubated within 15 minutes at 37°C in aerobiosis 
for 24 hours. After this time, approximately 5 to 10 
colonies were taken and suspended in 5 milliliters 
(ml) of Mueller Hinton broth, shaking it in a vortex 
to achieve homogeneity of the suspension.

Preparation of work solutions at different 
concentrations. The Smear Clear® irrigant was 
taken starting from a concentration of 100%, from 
which dilutions were made with sterile distilled 
water to reduce its concentration, making decre-
asing dilutions to 50%, 25%, 12.5%, and 6.25% 
of the product.

Preparation of 5% sodium hypochlorite 
control. 5% sodium hypochlorite (Proquident) was 
also taken as a positive control due to its establis-
hed antibacterial efficacy; 150 μL of 5% sodium 
hypochlorite and 150 μL of inoculum were added 
to the 96-well microplate in triplicate.

Growth curve. 5 to 10 colonies isolated from 
the bacterial culture were taken and inoculated 
in 5 ml Mueller Hinton broth and incubated for 1 
hour at 37°C. 100 μL of the inoculum was taken 
and placed in a 96-well microplate, in triplicate 
for later reading in a MultiScan Ex reader (Thermo 
Scientific) on a scale of 0.08 - 0.1 absorbance, at 
a wavelength of 620 nanometers. Subsequently, 
a dilution of the inoculum was made in the Muller 
Hinton broth medium (in a ratio of 1-100). Readings 

were taken for 24 hours every 2 hours, with the 
first reading called zero hour, until reaching the 
maximum growth of the bacteria and its subse-
quent stationary state and death of the bacteria.

Evaluation of bacterial sensitivity. Once 
the preliminary tests were completed, the Smear 
Clear® solution at 100% was taken to evaluate 
bacterial sensitivity. For this, 150 μL of each 
concentration of Smear Clear® was added to a 
96-well microplate (in triplicate) along with 150 μL 
of inoculum, with a concentration of approxima-
tely 1.5x10^8^ colony-forming units (CFU)/mL of 
the strain. The microplate was incubated at 37°C 
for 24 hours, which was the time indicated by the 
growth curve, and its density was determined in a 
MultiScan EX reader at a scale of 0.08 - 0.1 absor-
bance, at a wavelength of 620 nm. For the test, 
positive controls (300 μl of the inoculum), negative 
controls (150 μl of the inoculum + 150 μl of sodium 
hypochlorite), and sterility controls (300 μl of sterile 
broth without inoculation) were included.

Minimum inhibitory concentration (MIC). The 
minimum inhibitory concentration was determined 
by the microdilution technique in 96-well plates. 
For this, the Smear Clear® solution was serially 
diluted until reaching the solution with the lowest 
concentration in the bacterial suspension at a 
concentration of 5 x 10^5^ CFU/mL. As a negative 
control, 5% sodium hypochlorite was used, along 
with sterility controls using culture broth without 
inoculum and inoculum as a positive control. The 
plates were incubated at 37°C under anaerobic 
conditions for 24 hours. Using a Multiskan Thermo 
spectrophotometer (Multiskan EX, Thermo Scienti-
fic) with a wavelength at 620nm, changes in the 
optical density of the samples were evaluated. The 
lower concentration of the Smear Clear® irrigant 
that significantly inhibits bacterial growth was 
considered as the MIC.

Minimum bactericidal concentration (MBC). 
From the detected MIC, 10μl of bacterial suspen-
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sion was added to sterile Petri dishes. These were 
incubated under the same conditions mentioned 
above for 24 hours. Subsequently, those concen-
trations where bacterial colony formation was 
present were visually identified. If the number of 
colonies was reduced, it was considered bacte-
riostatic activity. If, on the other hand, colonies did 
not form, bactericidal activity was assigned.

STATISTICAL ANALYSIS

The results obtained in the evaluation of 
the sensitivity test curves and minimum inhibi-
tory concentration were analyzed and plotted 
using Graphpad Prism 5.01 software, where a 
one-way analysis of variance (ANOVA) was carried 
out followed by the Dunnet post-test for multiple 
comparisons and considering a value of P<0.05 
(95% confidence). The data was plotted as the mean 
and its standard deviation. Prior to the analysis, 
Kolmogórov-Smirnov's normality test was perfor-
med, using the Statistical Package for the Social 
Sciences (SPSS) version 20 software (IBM®).

RESULTS

The study began with the growth curve of 
E. faecalis (ATCC 29212®), where the behavior of 
the bacteria in the incubation period was obser-
ved. The adaptation period of the bacteria was 
approximately 4 hours, where the exponential 
phase of growth began, reaching the maximum 
peak at 12 hours. From this point, the stationary 
phase started until the 18-hour mark and subse-
quent bacterial death.

With this result, it was possible to deter-
mine the incubation time for the measurement of 
the bacterial sensitivity tests and determination of 
the minimum inhibitory concentration, which was 
performed after 12 hours.

Bacterial sensitivity. The sensitivity test was 
performed with the Smear Clear® solution at 100% 
concentration as presented by the manufacturer. 
The assay included four experimental conditions:

1. Positive growth control (Broth + E. faecalis).
2. Test condition (Broth+E. faecalis+Smear Clear® 
100%).
3. Negative control (Broth+E. faecalis+sodium 
hypochlorite)
4. Sterility control (Broth only).

The results demonstrated that Smear 
Clear® at 100% concentration possesses signi-
ficant antimicrobial activity against E. faecalis 
(ATCC 29212®). There was a statistically signi-
ficant reduction in bacterial growth compared to 
the positive control (p<0.001), while no significant 
difference was observed when compared to the 
negative control (sodium hypochlorite) (p>0.05). 
This indicates that Smear Clear® exhibits antimi-
crobial efficacy comparable to sodium hypochlo-
rite. These results validated the progression to 
subsequent testing of Minimum Inhibitory Concen-
tration at dilutions of 50%, 25%, 12.5%, and 
6.25%, as well as Minimum Bactericidal Concen-
tration determination. The results of the bacterial 
sensitivity test are shown in Figure 1.

Evaluation of the minimum inhibitory concen-
tration. In the findings of the minimum inhibitory 
concentration, it was observed that Smear Clear® 
at 50% had no significant difference compa-
red to the broth; and that at concentrations of 
25%, 12.5%, and 6.25%, there was a difference 
(p<0.05). With this information, it can be inferred 
that the minimum concentration needed of Smear 
Clear® to produce growth inhibition of E. faecalis 
(ATCC 29212®) is 50%. Figure 2 illustrates the 
minimum inhibitory concentration results at diffe-
rent Smear Clear® dilutions. 
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Minimum bactericidal concentration. Taking 
into account the evaluation of the minimum 
inhibitory concentration, those concentrations 
that did not obtain a statistically significant 
difference were chosen; that is, Smear Clear® 
concentrations at 100% and 50%, obtaining that 
the Smear Clear® irrigating solution has bacteri-
cidal properties on E. faecalis (ATCC 29212®) at 
100% concentration and bacteriostatic properties 
at 50% concentration. The bactericidal effect of 
Smear Clear® at 100% concentration is demons-
trated in Figure 3.

 

 

Figure 1. Antibacterial activity of Smear Clear® against Enterococ-
cus faecalis (ATCC 29212®). Optical density measurements at 600 
nm after 24h incubation. Values represent mean±SD (n=3). Statisti-
cal analysis: one-way ANOVA with Tukey's post-hoc test. ***p<0.001 
vs positive control; ns: not significant vs negative control.

Figure 2. Minimum inhibitory concentration of Smear Clear® on 
Enterococcus faecalis (ATCC 29212®).

Figure 3. Minimum Bactericidal Concentration (MBC) of Smear 
Clear® at 100% concentration.

DISCUSSION

For the development of the present assay, 
the E. faecalis strain (ATCC 29212®) was used, 
which is the recommended strain for performing 
sensitivity and quality control tests according to 
CLSI, similar to that reported by Farac RV et al. 
(2013) in an ex vivo study on intracanal medica-
tion for contamination with Enterococcus faeca-
lis (9). This methodological approach was further 
reinforced by Cuellar et al. (2017), who achieved 
comparable results using the same bacterial strain 
when evaluating bacterial extrusion in root canal 
retreatments with and without passive ultrasonic 
irrigation(10).

Although Smear Clear® has well-documen-
ted clinical applications as reported by Giardino 
L et al., there remains a significant research gap 
regarding its evaluation from a microbiological 
perspective. This knowledge deficit is particu-
larly significant because bacterial contamination 
is widely established as the primary etiological 
factor in pulpal and periapical pathologies (11). 
Therefore, our investigation addresses a crucial 
need in endodontic research by providing objec-
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tive conclusions on Smear Clear®'s antibacte-
rial efficacy against E. faecalis, a gastrointestinal 
microorganism frequently associated with persis-
tent endodontic infections, an area previously 
unexplored in the scientific literature.

In assessing irrigant efficacy, laboratory 
tests constitute essential initial investigations. Our 
bacteriological analysis employed the antimicrobial 
sensitivity technique via microplate dilution method 
with comprehensive controls, including sterility 
controls for medium or broth, positive controls for 
growth inhibition using sodium hypochlorite, and 
bacterial inoculum controls. This methodological 
rigor mirrors the approach used by Pimentel Ramírez 
et al. (2015), who similarly evaluated minimum 
inhibitory and bactericidal concentrations of plant 
extracts against oral bacteria like Lactobacillus 
acidophilus and Porphyromonas gingivalis (12). 
While we acknowledge the limitation of testing only 
one E. faecalis strain, this selection was strategi-
cally justified by the organism's documented high 
prevalence in endodontic infections, its establis-
hed role in treatment failures, and its remarka-
ble capacity to form treatment-resistant biofilms, 
characteristics extensively validated by Haapasalo 
and Shen in their research (13).

The relationship between antimicrobial 
efficacy and pH conditions provides an important 
context for our findings. MacHugh et al. demons-
trated in their in vitro study that while pH 10.5-11.0 
merely delays E. faecalis growth, environments 
at pH 11.5 or higher exhibit definitive bacterici-
dal properties (14). Although our study did not 
explicitly include pH as a variable, our methodo-
logy allowed for evaluation of E. faecalis (ATCC 
29212®) resistance under alkaline conditions. 
Notably, Smear Clear®'s composition begins with 
the neutral pH (7.5) typical of chelating agents but 
likely increases in alkalinity due to the addition of 
cetrimide and surfactant components, potentially 
contributing to its observed bactericidal effects 
through this pH-increasing mechanism.

Our findings regarding minimum inhibitory 
concentration align with other research examining 
antimicrobial agents against E. faecalis. Mojica 
D and Román Y's experimental work with plant 
extracts against vancomycin-resistant E. faeca-
lis demonstrated effective inhibition at specific 
concentrations, employing a CLSI-based microdilu-
tion method similar to our protocol (15). Compara-
bly, our evaluation determined that Smear Clear® 
solutions at both 100% and 50% concentrations 
showed no statistically significant differences in 
their ability to inhibit E. faecalis (ATCC 29212®) 
growth, establishing 50% as the minimum effec-
tive concentration. This finding is methodologically 
consistent with Herrera et al. (2014), who used 
similar microdilution techniques to establish the 
MIC and MBC values for Mammea americana 
against oral pathogens(16).

The synergistic effect of combined antimi-
crobial agents observed in our study finds signifi-
cant parallels in existing literature. Ferrer C et al. 
demonstrated that while maleic acid alone effecti-
vely eradicated E. faecalis at 0.88% concentration 
within 30 seconds, combinations of 0.2% cetrimide 
with either 15% EDTA or 15% citric acid achieved 
complete bacterial destruction within just 1 minute 
of contact(17). These findings directly complement 
our results with Smear Clear®, which contains a 
similar combination of EDTA (15%) and cetrimide 
(0.75%). This compositional parallel explains the 
observed antimicrobial effectiveness and suggests 
that the mechanism of action involves both chela-
ting properties and surfactant-enhanced antimicro-
bial activity, providing a comprehensive approach 
to endodontic disinfection.

CONCLUSION

From this study, it is concluded that Smear 
Clear® is an irrigant solution that has antimicrobial 
activity in the elimination of Enterococcus faeca-
lis, which is the microorganism mainly associated 
with endodontic failures. Its components, especia-
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lly cetrimide, directly affect its sensitivity. However, 
while these results demonstrate its antimicrobial 
efficacy, Smear Clear® should be considered as 
an adjunct in root canal system disinfection rather 
than a complete alternative to sodium hypochlo-
rite, as additional studies on its ability to dissolve 
organic tissue would be necessary to support such 
a conclusion.

It was observed that the Smear Clear® 
irrigation solution at 100% concentration had 
efficacy on the microbial activity of Enterococcus 
faecalis (ATCC 29212®). The minimum concen-
tration of Smear Clear® to inhibit the growth 
of Enterococcus faecalis (ATCC 29212®) was 
50%. Smear Clear® at 100% possesses bacte-
ricidal property on Enterococcus faecalis (ATCC 
29212®).
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