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Background: Endodontic infections are polymicrobial, with the majority of bacteria being anaerobic and others being facultative.
Objective: To detect and measure the level of Enterococcus faecalis in infected root canals during traditional cleaning techniques
and after diode laser application by using real-time polymerase chain reaction (RT-PCR). Materials and Methods: Ninety samples
were collected from 30 participant patients complaining of acute or chronic pulpitis with an age range of 18-50 years old; the teeth
indicated endodontic treatment, including both anterior and posterior teeth. Thirty swabs were taken preinstrumentation, and then
30 swabs were taken after instrumentation and canal irrigation using sodium hypochlorite 5.25%, and then 30 swabs were taken
in the same manner after the root canal sterilization with the diode laser. Results: This study included 30 patients with root canal
infection presented with a mean age of 31.7%8.6 years and a range of 18-50 years; Female patients were more than males (34.3% vs.
36.7%). The mean E. faecalis copy number was significantly reduced from precleaning status to postcleaning with sodium hypochlorite
(5.25%) and postlaser therapy (P = 0.05). Conclusions: RT-PCR assay is a highly effective, dependable, and rapid technique for
accurate detection and copy number counting of E. faecalis in the infected root canal; this molecular and clinical study supports the
diode laser application of 940-nm WL as an adjuvant tool combined with sodium hypochlorite (5.25%) in canal disinfection during
root canal treatment to reduce E. faecalis copy numbers.
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INTRODUCTION coronal filtration via restorations microleaking, causing
secondary root canal infections. Microbes that cause
either a primary or minor infection have struggled with
chemomechanical debridement techniques and have
lived inside the limited situation of cured root canals,
causing persistent endodontic infections. Since persistent
and minor infections are difficult in the direction of
identification clinically, they are likely to be grouped
together below the similar disease category.!'! Enterococcus
faecalis is a Gram-positive anaerobic coccus that usually
starts in the human oral cavity, intestinal system, as well as
vaginal cavity since it has developed a respectable version

Microbes that entered the pulp chamber and occupied
the system of the root canal cause root canal infections.
A variety of inflammatory responses are triggered when
these microbes and their metabolic secretion reach the
periradicular tissues via lateral foramina and apex.!"
Endodontic infections are categorized by the anatomy,
which includes intraradicular or extraradicular infection,
and the length of time it makes bacteria reach the root
canal system (primary, secondary, or persistent infection).
Primary and secondary infections are usually found in the
intraradicular area, but if left untreated or improperly
treated, they can develop into extraradicular infections.?

Microorganisms convoluted in early pulp assault and
the eventual formation of necrotic tissues cause primary
endodontic infections. Microorganisms entered the root
canal secondarily to professional intervention and either
during surgical procedures iatrogenically or afterward by Submission: 20-Mar-2023  Accepted: 12-Apr-2023  Published: 09-May-2024
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in such conditions with abundant nutrients, little oxygen
levels, and compound ecology.P! In many investigations, in
unsuccessful endodontic treatment instances, E. faecalis
was found to be more prevalent than in cases of initial
infections. Enterococcus faecalis is the bacteria most
commonly found in cases of postendodontic therapy
pain and infection, with prevalence rates as high as
90%. Asymptomatic individuals were more likely to
have E. faecalis than symptomatic instances among all
instances of primary endodontic infection.™

Endodontic treatment of pulp and periapical illness
requires acceptable root canal preparation.l!! The goals of
canal preparation are to eliminate infection and provide
obturation with a smooth, continuous, funnel-shaped
taper that keeps the root canal outline.®7

Attavar et al.,® mentioned that the 16STDNA gene is
used in the newer tool for bacterial lineage identification
in the molecular approach to the detection of endodontic
microorganisms. Polymerase chain reaction (PCR) is a
very sensitive process for amplifying a little amount of
DNA into a billionfold particular known sequence of
microbial DNA and detecting it using electrophoresis.

The usage of laser in the dental root canal is one of
these applications. The basic objective of dental root
canal preparation is to remove bacteria, smear layer, and
expand the canal so that canal filling material may reach
the root’s end. The laser is used to clean and disinfect
the tooth canal as well as eliminate the smear layer. For
cleaning and disinfecting dental root canals, a diode
laser with a wavelength of 635-980nm has just been
introduced.”

MarteriaLs AND MEeTHODS

The present study includes 90 samples that were collected
from 30 participant patients who complain of acute
or chronic pulpitis with an age variety of 18-50 years
old. They attended the Teaching Clinics, Collage of
Dentistry,University of Babylon, and certain private
clinics in Hila city, Babylon, Iraq, for an extended period
from December 2021 to February 2022.

Thirty swabs were taken preinstrumentation (after proper
tooth isolation and working length estimation). In the
first group of samples, thirty swabs were taken after canal
irrigation using sodium hypochlorite 5.25% as irrigant
without using an endo-activator by six sterile paper points
size 15-20#. For the second group of samples, thirty were
then taken in the as manner like the first group but after
the root canal sterilization with a diode laser.

Patient name, age, sex, occupation, and medical and
dental history were taken in the case sheet.

This study includes both sexes and age ranges of
18-50 years old and both anterior and posterior teeth.

While excluded pregnant women, teeth with open apex
or root resorption, immune-compromised patient, and
deciduous teeth.

Access cavity and canal preparation

After definite diagnoses were rolled out and tooth isolation,
the access cavity was prepared, and after initial shaping (by
SX file) and canal negotiation (by 8-10-15# files), the debris
and pulp tissues were flushed and removed by irrigation with
sodium hypochlorite 5.25% and ethylenediaminetetraacetic
acid (EDTA) by using fine side opened irrigation tip gauge
27, At this step (the second visit in 7-14 days), the root
canals were well prepared by using different types of both
manual and rotary files systems. After cleaning, shaping,
and dryness were completed, the canal was ready for swabs
collection by using a sterile absorbing paper point.!'”

Diode laser application

After canal preparation and swabs collection, the canals
were disinfected by using low-power laser therapy (diode
laser) with the following specifications; Probes with
wavelengths 940nm and energy density with 10 J/cm? on
average, the principles of low-power laser therapy used in
root canal disinfection was according to.!'!l

In the nonstop mode, laser energy was passed through
an uninitiated 200 m fiber tip (E2-14, E2-20 Endo Tip;
Biolase) with a yield power of 0.1 W. The root canals
were irradiated at a speed of 2mm/s with circling motions
starting from the apical to the greatest coronal region of
the root canal, with the laser tip positioned at the working
length. This process was frequent four times for each
canal, with a 20-s break among applications. During all
laser submissions, the patient and operators wore safety
eyewear.'?

Microbial sampling

Six sterilized paper points were used to collect each
sample from the pulp canal by placing them individually
inside the radicular pulp; each paper point was retained in
the radicular pulp space for 30s before being transferred
to a sterile Eppendorf tube containing Sml phosphate
buffer saline, kept in the refrigerator at -23°C, and sent
for E. faecalis real-time (RT-PCR) detection and copy
number counting.!3

Genomic DNA extraction

The DNA extraction method used in this work is an
improved version of the traditional phenol/chloroform
method.'" We removed the SDS/lysozyme or proteinase
K lysis step and lysed cells directly with phenol. The lysate
was sterilized using chloroform extraction until there was
no longer a white interface; this process may need to be
repeated two to three times. The aqueous phase contained
pure DNA and was either utilized immediately or stored
at 20°C for subsequent trials.
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This study’s DNA extraction method is a better variant of
the standard phenol/chloroform approach.!'¥ We skipped
the SDS/lysozyme or proteinase K lysis stage in favor of
phenol lysis. Chloroform was used to sterilize the lysate
until there was no longer a white interface; this process
needed to be repeated two to three times. The aqueous
phase contained pure DNA and was either utilized
immediately or stored at 20°C for subsequent trials.

Data analysis of qRT-PCR

The threshold cycle number (CT value) for positive
amplification and the DNA copy number calculation
using the DNA standard curve for each positive sample
were determined using quantitative RT-PCR data analysis
[Figure 1 and Table 1].

Statistical analysis

The Statistical Package for Social Sciences (SPSS) version
25 program and application were used to analyze the data.
Analytical results were grouped into category variables
and scale variables (means and standard deviation).
Categorical variables were tested using the Fishers exact
test. Two independent means were compared using an
independent sample #-test, and two consecutive means
were compared using a paired ¢-test. P-values of 0.05 or
lower were considered significant.

Ethical approval

This study was carried out in compliance with the ethical
guidelines found in the Declaration of Helsinki. Prior
to taking the sample, the patient’s verbal and analytical
consent was obtained. According to document number
115, a local ethics commission reviewed and gave its
approval to the study protocol, subject information, and
permission form on December 18, 2021.

ResuLts

This study included 30 patients with root canal infections
who were between the ages of 18 and 50 years old, with a
mean age of 31.78% and an age range of (18-50 years).

Forty percent of the patients were under the age of 30,
and 36.7% were between the ages of 30-39 years, and
23.3% were teeth older than 40 years. Female patients
outnumbered male patients (34.3% vs. 36.7%). Patients
with root canal infection had anterior teeth in 16.7% of
cases and posterior teeth in 83.3% of cases. The mean
E. faecalis copy number was significantly reduced from
precleaning status to postcleaning and postlaser therapy
(P =0.05) [Table 2 and Figure 2].

The mean E. faecalis copy number was significantly
reduced from precleaning status to post-cleaning status
(P =0.02) [Table 3].

The mean E. faecalis copy number was significantly
reduced from precleaning status to postlaser status
(P =0.02) [Table 4 and Figure 3].

According to study periods, male and female patients,
no significant differences were observed in the mean
E. faecalis copy number (separately, P = 0.6 and P = 0.32)
[Table 5].

No significant differences were observed in mean
E. faecalis copy number according to study periods among
patients with anterior and posterior teeth (P = 0.1 and
P =0.57, separately) [Table 6].

Discussion

Thirty patients incorporated in this study complained
of root canal infection at a mean age of 31.7+8.6 years;
the main age group of patients was 40% in the age group
<30 years. Female patients were more than males (36.7%)
versus (34.3%); the teeth of patients with root canal
infection were anterior less than posterior teeth.

There was a significant difference in the means of
E. faecalis copy numbers in all treatment stages which
included chemomechanical cleaning and diode laser
disinfection.

In Juric et al.,' study, 21 patients with “chronic apical
periodontitis” and a history of root canal treatment were

Figure 1: Amplification of Enterococcus faecalis genomic DNA and standard curve to calculate the copy number, the vertical axis (CT value), and the

horizontal axis (DNA concentration pg/mL)
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chosen at random. Initially, fourteen bacterium species
were isolated from the infected root canals, averaging
4.57 species per channel. In these species, the MO ratio
was as follows: G+, 43% G-, 57% facultative anaerobic,
and 43% obligate anaerobic bacteria were found. After
each treatment stage, a statistically significant decrease
in the number of bacterial species was observed for each
canal. After the usual chemomechanical preparation, the
bacterial loading was reduced to 2.57 species per canal,
with no bacterial growth in one of them. However, after
the chemomechanical preparation combined with photo
dynamic therapy (PDT), the bacterial loading was reduced
to 2.57 species per canal, with no bacterial growth in one
of them, no colony-forming units displayed in 11 of the 21
root canals (52.4%), and this agreed with the current study
which displayed a significant reduction in E. faecalis copy

Table 1: Specific primer with amplification conditions: for
detection of Enterococcus faecalis

Primer Sequence (5-3') References
16S rRNA F CAA ACT GTT GGC ATT 4
E. faecalis CCA CAA
R TGG ATT TCC TTT CCA
GTC ACT TC
Bacteria Conditions
E. faecalis Step 1: 94°C, 1 min Step 2: 94°C, 55

Step 3: 55°C, 30s Step 4: 72°C, 30s
Step 5: 72°C, 5 min

Table 2: Enterococcus faecalis copy number distribution
according to study periods

Variable Study periods P
Pre Postcleaning Postlaser
Mean = SD  Mean = SD  Mean = SD
E. 14,1075.76 £ 76,539.24 68,459.98+  0.05*S
faecalis 285,358.76 242,107.35 186,503
copy no.
(copy/
mL)

*Repeated measures analysis, S=Significant

number after chemomechanical preparation and diode
laser disinfection.

Tennert et all'¥ studied the effect of PDT on 160
monoradicularly removed teeth inoculated with
E. faecalis. The study discovered a reduction in bacterial
viability in both original endodontic infection and
re-treated root canals infected with E. faecalis. E. faecalis
was significantly reduced after root canal therapy with
NaOCI or PDT or a combination of NaOCI and PDT.
In cases of initial infection, the combination of NaOCl
irrigation and the PDT procedure resulted in the highest
number of intracanal negative cultures (90%) compared
to irrigation with NaOCI alone (80%), which coincided
with the findings of a recent study that showed that the
combined effect of NaOCL and diode laser therapy is
enhanced.

Table 3: Enterococcus faecalis copy number distribution and
postcleaning

Variable Study periods P
Precleaning Postcleaning
Mean = SD Mean + SD
E. faecalis  141,075.76+285,358.76  76,539.24+242,107.35  0.02*S
copy no.
(copy/
mL)

*Repeated measures analysis, S = Significant

Table 4: Enterococcus faecalis copy number distribution to
precleaning and postlaser

Variable Study periods P
Prelaser Postlaser
Mean + SD Mean + SD
E. faecalis  141,075.76+285,358.76  68,459.98 186,503  0.02*S
copy no.
(copy/
mL)

*Repeated measures analysis, S = Significant

151000

141075.76
141000

131000

AN
N\
N\
N\

76539.24 ‘
68459.98

Pre Post-clean

121000

111000

101000

Mean (copy/ml)

91000

81000

71000

61000

Post-laser

151000

141075.76
141000 v

131000

121000

111000

101000

Mean (copy/ml)

91000

81000

76539.24 0
71000

61000 T d
Pre-clean Post-clean

Figure 2: Mean of Enterococcus faecalis copy number according to study periods
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Figure 3: Mean of Enterococcus faecalis copy number to precleaning
and postlaser therapy

Table 5: Spreading of Enterococcus faecalis copy number
according to study periods concerning the patient’s gender

Variable Study periods P
Pre Postcleaning Postlaser
Mean + SD Mean = SD  Mean = SD
Male 0.6*NS
E. faecalis  251,526.1+ 132,843.9+  136,557.5+2.5
copy no. 3.79 3.15
(copy/mL)
Female

E. faecalis 56,613.7£1.48 3,343.1£7171.8 362.5+723.4 0.32%NS
copy no.
(copy/mL)

*Repeated measures analysis, NS = Not significant

Table 6: Distribution of Enterococcus faecalis copy number
according to study periods about tooth number

Variable Study periods P
Pre Postcleaning Postlaser
Mean + SD  Mean = SD Mean = SD
Anterior 0.1*Ns
E. faecalis  15365+16,295.2 244.5+288.3 0.00£0.00
copy no.
(copy/mL)
Posterior
E. faecalis 16,6217.943  92,601.3+2.6 84,258.4%2 0.57*\s
copy no.
(copy/mL)

*Repeated measures analysis, NS = not significant

However, in terms of secondary infections, the single
NaOCl irrigation technique had the highest number
of negative bacterial cultures, while all specimens were
positive after all PDT.l'7

Partial E. faecalis eradication was found to match the
present findings.' On 71 single-rooted mandibular
premolars inoculated with E. faecalis, Pseudomonas
aeruginosa, Staphylococcus aureus, and Candida albicans,
Oliveira, compared the efficiency of PDT with traditional

irrigation. Although the combination of 5.25% NaOCI
and PDT resulted in the greatest number of samples
devoid of microbial growth, the pathogen was not entirely
eliminated. Partially eradicating microorganisms has
been connected to PDT-related characteristics such as
chromophore type and concentration, irradiation time,
light source wavelength, chromophore absorption peak,
and exposure period.

The present study was incompatible with Sohrabi ez al.,"”!
who reported the effectiveness of a 980-nm diode laser
against NaOCI in eliminating E. faecalis from the root
canal system was tested. The occurrence of germs within
the intricate root canal system and dentinal tubules is
thought to be the greatest communal cause of root canal
treatment failure. Asaresult, successfulendodontic therapy
requires the total eradication of germs and their toxins.
The superficial layers of dentin and a portion of infected
pulp tissue can be removed during chemomechanical
root canal preparation; also, chemical irritants’ action
is confined to the root dentin’s most superficial layers.
E. faecalis has been used in numerous training to assess
the decontamination potential of antibacterial drugs and
various types of lasers.

So according to Sohrabi ez al. ' NaOCI caused 99.87%
of bacterial elimination and had a significantly greater
antibacterial effect than the 980-nm diode laser, which
caused 96.56% bacterial drop, suggesting that the diode
laser might be used as a balancing decontamination
technique in root canal treatment

In addition, the current work intersected with,?” which
used a diode laser with a wavelength of 635nm to irradiate
46 monoradicular teeth for the removal of E. faecalis
biofilms. A single application of the PDT technique was
shown to eliminate around 45% of the initial E. faecalis
colonies. However, the two PDT cycles strategy was
substantially more efficient in eliminating bacterial
biofilm by approximately 95%. Despite the fact that PDT
might be regarded as an active therapy in comparison to
standard root canal treatment, NaOCI remains the most
effective antibacterial irrigant.

According to training by Sarda et al.,”"! the use of laser
in endodontic treatment has significant advantages over
traditional therapeutic procedures. Furthermore, we
discovered that using the laser at a safe thermal threshold
can effectively reduce bacterial contamination as well as
the virulence factors responsible for the production of
inflammatory mediators in chronic apical periodontitis,
indicating that the diode laser can be used during root
canal therapy.

In recent years, studies have focused on the antimicrobial
effects of several wavelengths, including the PDT. Despite
this, many of these investigations found that the “standard
chemomechanical preparation” using NaOCI had a
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considerably better disinfection impact. The authors noted
that the methodological concentration variances and the
action time of NaOCI in the root canal ranged from
“1% to 5.25%” and “15s to 20min,” respectively, after
examining a selected publication. As a result, depending
on these circumstances, the antimicrobial activity’s
efficiency may vary. As a result, it is critical to recognize
that these circumstances may have influenced the findings
of the investigations.

ConcLusIoN

The combined effect of NaOCL and a 940-nm root canal
with diode laser sterilization is measured as the most
effective antimicrobial action when compared with using
NaOCL alone during root canal treatment. RT-PCR
was a highly efficient, reliable, and rapid technique for
E. faecalis copy number measuring.
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