RESEARCH PAPER

Antimicrobial Efficacy of Epoxy Resin- And Silicone-Based Root Canal
Sealers Against Persistent Clinical Isolates Following Root Canal
Disinfection: An Ex Vivo Comparative Study

Naal W'*, Sarkis E? and Rihawi J?

'Master s Student, Department of Endodontics, Faculty of Dentistry, University of Aleppo, Aleppo, Syria.
2Professor;, Faculty of Dentistry, University of Aleppo, Aleppo, Syria. Alternative
3Assistant Professor, Faculty of Dentistry, University of Aleppo, Aleppo, Syria.
!Email: ward.naal@alepuniv.edu.sy, >Email: Sarkiseliz@alepuniv.edu.sy and >Email: rihawij@gmail.com
Corresponding author: Ward Naal; Email: ward.naal@alepuniv.edu.sy

Received: 24th April, 2026; Revised: 20th May 2026; Accepted: 30th June, 2026; Available Online: 10th July, 2026

ABSTRACT

Background: Microorganisms persisting within the root canal system may contribute to persistent infection and
treatment failure, highlighting the clinical importance of sealer antimicrobial activity. This study aimed to compare the
antibacterial and antifungal activity of epoxy resin-based and silicone-based root canal sealers against clinical microbial
isolates persisting after root canal disinfection.

Methods: Twenty microbial samples were obtained from root canals of patients diagnosed with asymptomatic periapical
lesions. Samples were cultured on Brain Heart Infusion (BHI) agar for bacterial growth and Sabouraud Dextrose Agar for
fungal growth. The agar diffusion test (ADT) was used to assess antimicrobial activity under aerobic and fungal growth
conditions at 37 °C for 24 hours. The diameters of inhibition zones surrounding each material were measured to evaluate
antimicrobial efficacy.

Results: The epoxy resin-based sealer showed significantly greater antibacterial and antifungal activity than the silicone-
based sealer. Mean inhibition zones were 30.95 + 2.56 mm versus 7.80 + 5.68 mm for bacterial isolates, and 38.70 + 2.94
mm versus 14.55 + 3.07 mm for fungal isolates, respectively. These differences were statistically significant (p < 0.001).

Conclusions: Within the limitations of this ex vivo study, the epoxy resin-based sealer exhibited significantly greater
antibacterial and antifungal activity than the silicone-based sealer against persistent clinical isolates. These findings
indicate that sealer composition may influence antimicrobial performance and warrant further clinical investigation.
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INTRODUCTION

Eradicating microorganisms from the complex root canal
anatomy remains a major challenge in clinical
endodontics, even with modern instrumentation and
irrigation protocols. Because complete disinfection is
difficult to achieve, the antimicrobial property of a root

These asymptomatic lesions usually harbor complex
microbial biofilms that are highly resistant to routine
treatments. Fungi, particularly Candida albicans, are
frequently isolated from such persistent infections. C.
albicans can easily colonize the dentinal tubules and form
a dense extracellular matrix °. This biofilm protects the

canal sealer is a critical factor that directly influences the
success of root canal therapy. The primary goal of
treatment is to clean, shape, and obturate the canal system
to prevent reinfection 2. When microorganisms and their
toxins persist within the root canal, they cause pulpal and
periapical pathosis, often leading to chronic, asymptomatic
periapical lesions **.

fungi from the host immune system and intracanal
medicaments, making it a key factor in endodontic failures
6. While traditional culture methods detect fungi in 6.3%
to 7.5% of primary and secondary infections, molecular
techniques show much higher prevalence rates, reaching
up to 16% .

*Author for Correspondence: Ward Naal

Page: 1046



Antimicrobial Efficacy of Epoxy Resin- And Silicone-Based Root Canal Sealers Against Persistent Clinical Isolates Following Root
Canal Disinfection: An Ex Vivo Comparative Study

Consequently, a root canal sealer should not act merely as
a physical barrier. It must possess strong, long-lasting
antimicrobial activity to eliminate residual pathogens and
prevent nutrient leakage to any surviving bacteria or fungi
8

Although epoxy resin- and silicone-based sealers are
widely used, evidence comparing their antimicrobial
activity against persistent clinical isolates remains limited.
This study therefore evaluated their antibacterial and
antifungal efficacy against persistent clinical isolates
recovered from asymptomatic periapical lesions after
standardized chemomechanical disinfection and intracanal
medication, enhancing the clinical relevance of the
findings.

MATERIALS AND METHODS

Study Design

This ex vivo experimental study was conducted to
evaluate and compare the antimicrobial efficacy of epoxy
resin—based and silicone-based root canal sealers against
microorganisms isolated from infected root canals. The
study assessed the antibacterial activity of the tested
sealers under aerobic conditions, as well as their antifungal
activity, using standardized experimental procedures.

Sample Collection

Ethical approval and informed consent

The study protocol was approved under the official
authorization of the Presidency of the University of
Aleppo, Decision No. (3404), and the Directorate of
Scientific Research and the Faculty of Dentistry, Decision
No. (1862). Written informed consent was obtained from
all participants before clinical sample collection, which
was performed as part of the approved study procedures.

Twenty microbial samples were collected from the
permanent molars of patients diagnosed with
asymptomatic periapical lesions at the Dental Clinics of
the Faculty of Dentistry, University of Aleppo. Patients
with systemic diseases or those who had received
antibiotic therapy within the preceding three months were
excluded.

Following informed consent, teeth were isolated using a
rubber dam. After caries removal and access cavity
preparation, the working length was established. Canals
were instrumented with stainless steel K-files (sizes #10 to
#25, 2% taper) and shaped using UDG Gold nickel-
titanium rotary files (sizes #20 and #25, 4% taper).
Standard chemical disinfection was performed using
5.25% sodium hypochlorite between file changes,
followed by a final rinse with 0.9% sterile saline.

A calcium hydroxide intracanal medicament was then
placed in the canals for seven days.

Microbial Sampling

Following removal of the intracanal medicament using H-
files and activation of irrigation with 5.25% sodium
hypochlorite, the canals were finally rinsed with 5%

sodium thiosulfate solution to neutralize any residual
sodium hypochlorite, followed by sterile saline (0.9%
NaCl) to eliminate any remaining irrigant that might
interfere with microbial growth during culturing.

Persistent microbial samples surviving the disinfection
protocol were collected using five sterile paper points (size
25/04) inserted to the working length of each canal for one
minute to absorb intracanal fluids.

The paper points were immediately transferred into sterile
syringes containing 2 mL of sterile physiological saline
and labeled according to the sample number. All samples
were transported to the Microbiology Laboratory of the
Faculty of Dentistry, University of Aleppo within 30
minutes under sterile conditions to prevent contamination.

Preparation of Culture Media

Brain Heart Infusion (BHI) agar was used for bacterial
culture, while Sabouraud Dextrose Agar was used for
fungal culture. The culture media were prepared according
to the manufacturer’s instructions by dissolving 50 g of
BHI powder in 1000 mL of distilled water and 65 g of
Sabouraud Dextrose Agar in 1000 mL of distilled water.
The mixtures were heated and stirred until complete
dissolution.

The prepared media were sterilized in an autoclave at
121°C for 15 minutes under a pressure of 15 psi. After
sterilization, the media were allowed to cool to
approximately 40—45°C before being poured into sterile
plastic Petri dishes at a volume of 15-20 mL per plate.
The plates were left to solidify before use.

Experimental Groups
The agar plates were divided into two experimental groups
according to the type of root canal sealer tested:

1. Group 1: Epoxy resin-based sealer (ADSEAL; Meta
Biomed, Cheongju, Korea)

2. Group 2: Silicone-based sealer (Root-Sil; B&E Bio-
materials, Gyeonggi-do, Korea)

For each of the 20 clinical microbial isolates, four Petri
dishes were prepared: two containing brain heart infusion
(BHI) agar for antibacterial testing and two containing
Sabouraud dextrose agar (SDA) for antifungal testing.
Thus, each sealer was evaluated on one bacterial and one
fungal culture plate for each clinical isolate.

Sterile Petri dishes with a diameter of 90 mm were used. A
standardized central well, measuring 6 mm in diameter
and 3 mm in depth, was punched into each agar plate.
Each plate contained a single well to prevent potential
overlap or interference between inhibition zones and to
allow standardized assessment of the antimicrobial activity
of each sealer.

Microbial Inoculation and Incubation

A volume of 100 pL of the microbial suspension was
inoculated onto the prepared agar plates and evenly spread
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using a sterile bent glass rod to ensure uniform distribution
across the agar surface.

Freshly mixed root canal sealers were immediately placed
into the central wells of the plates. The plates were left at
room temperature for approximately 15 minutes to allow
initial diffusion of the materials into the agar.

Plates containing only the culture medium, without the
addition of any sealer or microbial suspension, were
used as a negative control to ensure the absence of

contamination during the preparation of the culture
media and throughout the incubation period.

Plates designated for bacterial and fungal growth were
incubated at 37°C for 24 hours.

After incubation, the plates were removed from the
incubator and the diameters of microbial inhibition zones
surrounding the wells were measured from the center of
the sealer material using a sterile millimeter ruler. The
inhibition zone diameters were recorded for all samples
(Figure 1 and 2).

Figure 1: Bacterial colonies on Petri dishes containing the tested root canal sealers after incubation.

A (left): Plate containing the silicone-based sealer; B (right): Plate containing the epoxy resin-based sealer

Figure 2: Fungal colonies on Petri dishes containing the tested root canal sealers after incubation.

A (left): Plate containing the silicone-based sealer; B
(right): Plate containing the epoxy resin-based sealer.

Statistical Analysis

Data were analyzed using IBM® SPSS® software (version
26.0; IBM Corp., Armonk, NY, USA). The normality of
the inhibition zone diameter data was assessed using the
Kolmogorov—Smirnov and Shapiro—Wilk tests. For the
comparison between the epoxy resin—based sealer
(ADSEAL) and the silicone-based sealer (Root-Sil), one-
way analysis of variance (ANOVA) was used. Statistical
significance was set at p < 0.05.

RESULTS

Normality Testing

The normality of the data distribution was assessed using
the Kolmogorov—Smirnov and Shapiro—Wilk tests. The
results indicated that the inhibition zone diameter data for
both sealer groups did not significantly deviate from a
normal distribution (p > 0.05). Therefore, parametric
statistical tests were considered appropriate for further
analysis.

Antibacterial Activity

The epoxy resin—based sealer (ADSEAL) demonstrated
substantially greater antibacterial activity than the
silicone-based sealer (Root-Sil). The mean inhibition zone
diameter was 30.95 £ 2.56 mm for ADSEAL, compared
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with 7.80 + 5.68 mm for Root-Sil. The corresponding
ranges were 27-36 mm and 0—18 mm, respectively.

One-way ANOVA demonstrated a statistically significant
difference in the mean inhibition-zone diameters between
the two sealer groups (F = 275.908, p < 0.001). ADSEAL
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produced a significantly larger inhibition zone than Root-
Sil, with a mean difference of 23.15 mm. Thus, ADSEAL
exhibited significantly greater antibacterial activity than
Root-Sil against the aerobic and facultative bacterial
isolates. The order of antibacterial effectiveness was
therefore: ADSEAL > Root-Sil (Figure 3).
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Figure 3: Effectiveness of both root canal sealers against bacteria

Table 1: Antibacterial activity of ADSEAL and Root-Sil

Mean inhibition zone + Mean Difference
Sealer N SD (mm) () F p-Value
ADSEAL 20 30.95 £2.56 23.15 275.908 <0.001
Root-Sil 20 7.80 £5.68 — — —

One-way ANOVA demonstrated a statistically significant
difference between the two sealer groups (F = 275.908, p
<0.001).

Antifungal Activity

A marked difference in antifungal activity was also
observed between the epoxy resin—based and silicone-
based sealers. ADSEAL produced a mean inhibition zone
diameter of 38.70 + 2.94 mm, whereas Root-Sil produced
a substantially smaller mean inhibition zone of 14.55 +
3.07 mm. The observed ranges were 33—44 mm for
ADSEAL and 9-20 mm for Root-Sil.
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One-way ANOVA demonstrated a statistically significant
difference in the mean inhibition-zone diameters between
the two sealer groups (F = 645.788, p < 0.001). ADSEAL
produced a significantly larger inhibition zone than Root-
Sil, with a mean difference of 24.15 mm. Thus, ADSEAL
exhibited significantly greater antifungal activity than
Root-Sil against the fungal clinical isolates. The order of
antifungal effectiveness was therefore: ADSEAL > Root-
Sil (Figure 4).
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Figure 4: Effectiveness of both root canal sealers against fungi
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Table 2: Antifungal activity of ADSEAL and Root-Sil

Mean inhibition zone + Mean Difference
Sealer N SD (mm) ‘i) F p-Value
ADSEAL | 20 38.70 +2.94 24.15 645.788 <0.001
Root-Sil 20 14.55+3.07 — — —
One-way ANOVA demonstrated a statistically significant Methodological Rationale and Experimental
difference between the two sealer groups (F = 645.788, p  Parameters

<0.001).

DISCUSSION

This study demonstrated a clear difference in antimicrobial
performance between epoxy resin-based sealer (ADSEAL)
and silicone-based sealer (Root-Sil), against persistent
clinical isolates. ADSEAL showed substantially greater
antibacterial and antifungal activity, whereas Root-Sil
exhibited consistently limited antimicrobial effects. These

findings suggest that sealer composition strongly
influences antimicrobial performance, while the use of
clinical isolates persisting after chemomechanical

disinfection and calcium hydroxide therapy enhances the
clinical relevance of the results. In clinical scenarios,
residual  pathogens  within  complex anatomical
configurations or dentinal tubules often drive secondary
endodontic  infections and treatment failures °.
Consequently, utilizing an obturation material with
sustained antimicrobial properties is essential to suppress

these remaining microorganisms and prevent reinfection
10

Clinical Relevance and Methodological Variations
Using clinical microbial isolates directly harvested from
refractory root canals, rather than standardized laboratory
reference strains, provides high clinical relevance to our
experimental model. The inhibition zones recorded in this
study were likely modulated by the specific nature of these
clinical strains and the prior chemomechanical disinfection
and intracanal medicaments. These procedural steps
naturally reduce the baseline microbial load compared to
high-density, standardized laboratory inocula.
Consequently, variations in inhibition zone measurements
between our findings and previous literature can be largely
attributed to these distinct methodological differences.

This approach is critical because, as demonstrated by Lin
and Siqueira et al., significant portions of the root canal
anatomy remain uninstrumented during mechanical
preparation, regardless of the instrumentation system or
technique employed !!. Therefore, root canal obturation
must rely on the sustained antimicrobial activity of the
sealer to entomb and eliminate these residual pathogens 2.
This is particularly vital against facultative anaerobes and
resistant species like Enterococcus faecalis and Candida
albicans, which are frequently implicated in persistent
periapical lesions and endodontic treatment failures 315,
Among these, C. albicans remains the most prevalent
fungal pathogen isolated from refractory cases, owing to

its ability to survive within uninstrumented canal spaces
14,15

The agar diffusion test was employed in this study because
it remains a standardized, widely accepted method for
evaluating the baseline antimicrobial efficacy of
endodontic materials !°. The diameters of the microbial
inhibition zones were recorded after 24 hours of
incubation, aligning with established protocols 7. This
specific timeframe is critical because most endodontic
sealers exert their maximum antimicrobial activity during
their setting phase within the first 24 hours, followed by a
marked decline at 48 and 72 hours as the material
stabilizes and diffusion rates diminish '8.

Calcium hydroxide was used as an intracanal medicament
prior to the sampling stage because it is one of the most
widely used intracanal medications. Calcium hydroxide
has been extensively used in dentistry since the 1920s and
is currently considered the most widely used intracanal
medicament worldwide!®. It exhibits strong antimicrobial
activity primarily because of its high pH, and it can disrupt
protein integrity through the release of hydroxyl ions.
Consequently, calcium hydroxide can effectively eliminate
most of the predominant pathogens encountered in
endodontic treatment when wused as an intracanal
medicament 20,

A 5.25% sodium hypochlorite solution was used as the
irrigant because it is one of the most commonly employed
irrigation solutions in endodontic treatment 2!, In addition
to its antimicrobial activity, sodium hypochlorite
facilitates the dissolution of vital and necrotic pulp tissues,
enhances the lubricity of instruments along the root canal
walls, and assists in the removal of dentinal debris from
the root canal system 22.

Comparative Antimicrobial Activity and Literature-
Based Interpretation of Epoxy Resin- and Silicone-
Based Root Canal Sealers

In the present study, the epoxy resin-based sealer
ADSEAL  (Meta Biomed) demonstrated greater
antimicrobial activity than the silicone-based sealer Root-
Sil, indicating a more favorable antimicrobial profile
under the conditions of the present study. This finding
may be attributed, at least in part, to the antimicrobial
effects of its principal constituents and the by-products
generated during the setting reaction. ADSEAL is a two-
component sealer consisting of a base and a catalyst, with
the base composed primarily of bisphenol A diglycidyl
ether 2, a compound reported to possess mutagenic
properties 24, During the setting reaction, small amounts of
formaldehyde may be released. Formaldehyde can interact
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with bacterial proteins, DNA, and RNA, thereby exerting
detrimental effects on Enterococcus faecalis 2.

One study demonstrated strong antibacterial activity of an
epoxy resin-based sealer, accompanied by a marked
reduction in bacterial cell proliferation 26, Similarly, Saleh
et al. reported that the epoxy resin-based sealer was
capable of eliminating all bacterial species present within
dentinal tubules 7.

In contrast, the relatively weak antimicrobial and
antifungal activity observed for the silicone-based sealer
(Root-Sil) in the present study is broadly consistent with
previous findings. Saleh et al. 2’ reported limited
antibacterial activity of a silicone-based sealer, whereas
Huang et al. 2 detected no antibacterial or antifungal
activity against Candida albicans when the material was
evaluated using either the agar diffusion or direct contact
test. Likewise, Slutzky-Goldberg et al. * found no
antibacterial activity of the silicone-based sealer when
several root canal sealers were tested against bacterial
species.

Furthermore, the present findings are in agreement with a
previous comparative study demonstrating greater
antibacterial activity of an epoxy resin-based sealer than
that of a silicone-based sealer *°. Consistent with these
observations, Raju et al. 3! reported that the silicone-based
sealer produced no inhibition zones when assessed using
the agar diffusion method. Similarly, Ozcan et al. 3 found
no antifungal activity for the silicone-based sealer using
the direct contact test, with assessments performed at 24,
48, and 72 hours.

CONCLUSION

Within the limitations of this study, the epoxy resin-based
sealer (ADSEAL) demonstrated significantly greater
antibacterial and antifungal activity than the silicone-based
sealer (Root-Sil) against bacterial and fungal isolates that
survived standard chemomechanical preparation and
intracanal medicaments. In contrast, Root-Sil exhibited
limited antimicrobial activity against both bacterial and
fungal isolates. These findings indicate that the chemical
composition of root canal sealers may substantially
influence their antimicrobial performance, with ADSEAL
showing a more favorable antimicrobial profile under the
conditions of the present study. Further well-designed
clinical studies are warranted to determine whether these
in vitro findings translate into clinically relevant
antimicrobial effects in the complex endodontic
environment.
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