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Abstract

Aim: The study aimed to compare 10% Glycolic acid as a single irrigant versus 2.5% sodium
hypochlorite followed by 17% Ethylenediaminetetraacetic acid (EDTA) in terms of E. faecalis count
reduction and smear layer removal in single-rooted teeth.

Methodology: Thirty human extracted mandibular premolars were prepared and inoculated with E.
faecalis for one week to evaluate E. faecalis count reduction. Teeth were randomly assigned to two
groups (n = 15) according to the irrigation protocol used. Group I: intervention (10% Glycolic acid) and
Group IlI: Control group (Irrigation using 2.5% NaOCI followed by 17% EDTA). After 24 hours of
incubation, bacterial count reduction using colony forming units CFUs/ml was determined. For
evaluating the ability of irrigants to remove the smear layer, another twenty-two mandibular premolars
were chosen and randomized into two groups (n = 11). During “chemo-mechanical” preparations, the
root canals were irrigated with different irrigation protocols according to each group. Then, the roots
were split longitudinally in the bucco-lingual direction into two halves. A smear layer assessment was
conducted on the “coronal, middle, and apical thirds” of the root canal using an Environmental Scanning-
Electron Microscope (ESEM) at 1000x magnification.

Results: Regarding E. Faecalis count reduction, there was “no significant” difference between the two
groups (p = 0.14). Regarding the ability to remove the “smear layer”, there was no significant difference
between the two groups at coronal, middle and apical. While comparing smear layer scores within the
same group, the “apical third” showed a significantly higher smear layer score in the two groups.
Conclusion: Glycolic acid can be used as a single irrigant owing to its antibacterial efficacy and the
ability to remove the smear layer.

Keywords: Glycolic acid, NaOCI, EDTA, E. faecalis, smear layer, endodontic irrigation

Introduction

Endodontic treatment aims to eradicate all “microorganisms” from the entire root canal
system. This is achieved by cleaning and shaping as well as three-dimensional obturation of
the root canal space ™.

One of the major obstacles in endodontic treatment is the presence of bacteria, particularly
“Enterococcus faecalis (E. faecalis)” [, They are gram-positive facultative anaerobic bacteria
that can penetrate the dentinal tubules and form biofilm . They exhibit various resistance
mechanisms, such as using fluid from dentinal tubules and the periodontal ligament to develop
biofilms, which helps them hide from the host defense mechanism and antimicrobial agents 4],
This is further complicated by the identification of a strain of E. Faecalis capable of producing
calcified biofilm through increased precipitation of hydroxyapatite in biofilm, making it
resistant to healing ©®l. These bacteria can survive for prolonged periods of time without
adequate nutrition until an adequate supply is provided [, As a result, the bacteria are able to
escape the action of instrumentation, irrigation, and medications ["-8l,

Irrigation plays a crucial role in the successful root canal treatment as it has several important
mechanical, chemical and biological functions. Also, it is the only method of reaching the
areas of the root canal wall that remain untouched by mechanical instrumentation An ideal
irrigant has “antimicrobial properties” and the ability to remove the “smear layer” [°l,
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The most common irrigation protocol used in endodontics is
the combination of “sodium hypochlorite (NaOCI)” and
ethylenediaminetetraacetic acid  (EDTA). “Sodium
hypochlorite” is considered the gold standard endodontic
irrigation solution owing to its organic solvent action, potent
“antimicrobial activity” even at low concentrations,
proteolytic properties, ability to disintegrate pulpal tissues,
and good lubricating ability. Moreover, it removes exposed
collagen fibrils, reducing the amount of collagen available for
E. Faecalis adhesion %, However, its unpleasant smell and
taste, relative toxicity, potential allergic reactions, and ability
to cause burning of surrounding tissues have been criticized.
Additionally, it has no impact on the inorganic components of
the “smear layer”. Therefore, numerous studies are currently
being conducted to identify an effective organic alternative to
sodium hypochlorite [*41,

The smear layer is an amorphous and irregular layer that
forms on the root canal walls after mechanical preparation. It
is composed of dentin, necrotic tissue, remnants of
“odontoblastic processes”, “pulp tissue”, and microorganisms.
The structure of the “smear layer” consists of two distinct
parts: a superficial part that is poorly adherent and another
part in the form of plugs in the dentinal tubules for a few
micro-meters [?l. The thickness of the “smear layer” ranges
from 1-5 pm 31 The presence of the “smear layer” restricts
the penetration of irrigants and medicaments into the dentinal
tubules. Therefore, removing the “smear layer” is
recommended and can be achieved by using an EDTA irrigant
[141

Ethylenediaminetetraacetic acid (EDTA) is a commonly used
final irrigant solution in endodontics. It is considered the gold
standard irrigant for removing the “smear layer” because of
its powerful chelating ability. EDTA reacts with calcium ions
to remove the inorganic component of the “smear layer”.
However, EDTA cannot remove the organic component of the
“smear layer”, so it should be used in conjunction with a
proteolytic material like NaOCI '], EDTA is widely used as a
lubricant  during  rotary  Nickel  Titanium  (NiTi)
instrumentation and in the negotiation of calcified root canals,
in addition to its application for smear layer removal [6],
However, it may cause alterations in the dentinal wall's
micro-hardness and mineral content [l EDTA is produced
through an industrial synthesis process that involves
ethylenediamine, formaldehyde, and sodium cyanide. This
process results in residual compounds that may cause harm to
the environment in which the EDTA is discharged 1281,

Several studies have been conducted over the years to identify
possible novel irrigants that might substitute conventional
endodontic irrigants. The available literature indicates the
benefits and drawbacks of each irrigant. Today, using a single
irrigant rather than dual irrigants is a valid choice. This
approach helps to avoid the drawbacks of combined irrigants
and reduces chair-side time, resulting in a more convenient
healthcare experience for patients. One such irrigant is
Peracetic acid (PAA), which has been found to remove the
“smear layer” [*¥1 and exhibit excellent antimicrobial effects
[20]

Glycolic acid (GA) is an organic substance extracted from
sugar cane and certain other vegetables 4. It has wide-
ranging applications in dermatology, from skin moisturizing
to deep chemical peeling %2, owing to its “anti-inflammatory,
keratolytic, and antioxidant” properties. GA works by
targeting the stratum corneum, improving breakdown and
reducing cohesiveness, and eventually causing desquamation
23 1n dentistry, glycolic acid is used in the restorative
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procedures to etch enamel and dentin 4. In addition, it is
used in the endodontic treatment procedures to remove the
“smear layer” formed on the dentine canal walls [,
Furthermore, GA is readily biodegradable, making it
environment friendly unlike EDTA that exhibits waste
disposal problems [?61. Moreover, glycolic acid can eliminate
“gram-positive” and ‘“‘gram-negative bacteria” 7. The
activity of this acid is based on eliminating free radicals 281,
Additionally, glycolic acid is a potential alternative to dual
irrigant solutions, being used alone thus reducing the chair
side time. Above all, it will overcome the possible drawbacks
of the other two irrigants used.

Currently there is no research conducted on the use of
glycolic acid as a single irrigant. Hence, the purpose of this
“in vitro study” was to compare the ability of 10% glycolic
acid as a single irrigant to 2.5% NaOCI followed by 17%
EDTA in terms of antimicrobial efficacy and removal of
“smear layer”.

Materials and Methods

The study received approval from “the research ethics
committee at Cairo University's Faculty of Dentistry”, with
the assigned approval number of 25-9-21.

Sample selection

Freshly extracted human mandibular permanent, single-rooted
premolar teeth with mature apices were collected from the
dental clinic of the ‘“National Diabetes and Endocrinology
Institute in Cairo” and the “Oral Surgery Department of the
Faculty of Dentistry at Cairo University”. These teeth were
extracted due to orthodontic or periodontal problems. Teeth
with caries or previous restorations, fractures, enamel crazing,
root resorption, obliterated canals, or previous “root canal
treatment” were excluded. The teeth were cleaned of any hard
debris using an “ultrasonic scaler” (Woodpecker, China), and
then immersed in “5.25% NaOC]” for 30 minutes to facilitate
removal of soft periodontal tissues and debris. The teeth were
kept in a saline solution until they were ready to be used to
maintain their natural hydration.

Sample preparation for Bacterial count (E. faecalis)
reduction

Thirty human mandibular premolars with a single root and
canal were selected after radiographic examination. The teeth
were decoronated using a low-speed diamond saw
(CUTFLEX® diamond discs, Dental Future Systems DFS
DIAMON, Germany) under copious irrigation to obtain
uniform root lengths of 16 mm, as measured by an endometer.
A K-file size 10 (K-file size 10, Mani® K-FILES, MANI Inc.,
Japan) was inserted into the root canal to check patency, then
the “working length” (WL) was adjusted using a K-file #15
(K-file size 15, Mani® K-FILES, MANI Inc., Japan) until
showing from the apex and subtracting 1mm, so a
standardized WL of 15 mm was obtained. The root canals
were instrumented using the “ProTaper Next rotary system
(Dentsply Maillifer, Ballaigues, Switzerland)”. The procedure
began with an X1 (17/.04) file and ended with an X4 (40/.06)
file, with a speed of 300 rpm and 2-2.5 N.cm torque,
following the manufacturer's instructions with the XSMART
Endo Motor (Dentsply Maillifer, Ballaigues, Switzerland).
Copious irrigation with 3 mL of freshly prepared 2.5%
sodium hypochlorite solution was done between each
instrument using a “30-gauge-max-i-probe side vented needle
(Dentsply Maillefer, Ballaigues, Switzerland)”. The needle
was inserted Imm short from the WL. “Apical patency” was
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retained by using a “#10 K-file” between each rotary file.
After root canal instrumentation was completed, the teeth
were irrigated with 5mL of normal saline (0.9% NaCl). Then,
the “smear layer” was removed using 5ml “17% (EDTA)”
solution (Prevest Direct, India) for 1 min. Subsequently, 5 mL
of saline was used to irrigate the root canals again to
inactivate the effect of EDTA, and the canals were dried with
x4 paper points (Dentsply Sirona, Ballaigues, Switzerland).
Sealing of the apical foramen was performed by applying a
flowable composite (3M Dental Products, St. Paul, MN) on
the root apex to avoid overflow of the test substances during
the experiment. Two layers of cyanoacrylate-based adhesive
(3M Dental Products, St. Paul, MN) were applied to the
external surface of the roots except for the cervical region
surrounding the root canal orifice.

Sample Sterilization
The roots were sterilized at 120°C in an autoclave for 30
minutes.

Culture and inoculum preparation

A suspension was prepared by adding 1 ml of a pure culture
of E. Faecalis (ATCC 29212), which was grown in sterile
“brain-heart infusion broth” (BHI) for 24 hours to match the
turbidity of 1.5x108 CFU/mL (equivalent to + 0.5 McFarland
standard). The purity of the culture was confirmed by
examining colonies of E. Faecalis by three tests: Bile esculin
test, the cysteine lactose electrolyte-deficient agar (CLED
test) and A gram-stained film test. Once the purity of the
culture was confirmed all “root canals” were filled with 30p
“E. faecalis” suspension by using a micropipette. The
infected teeth were inoculated with this solution, then placed
inside a sterile “Eppendorf” tube and kept in an incubator
(Fisher ISOTEP, Incubator. WTC Binder, Tuttlingen/
Germany) aerobically for one week at 37 °C with refreshment
by sterile BHI media every 48 hours.

Experimental groups

Under aseptic conditions, using new sterile gloves and sterile
tweezers to hold each -cultured tooth to avoid any
contamination of the specimens, two specimens were
collected from the canals using the “paper point method” S1:
before irrigation. S2: after irrigation.

Sample (S1) was obtained by gently rinsing the root canals
with 1 mL of saline to remove any non-adherent cells. After
that, three paper points #25 (Dentsply Sirona, Ballaigues,
Switzerland) were sequentially used to collect the initial
sample. The three points were placed subsequently to WL and
maintained in the canal for 30 sec each. The paper points
collected from each tooth were placed into individual
Eppendorf tubes containing “phosphate-buffered saline”
(PBS) (HiMedi® Laboratories Pvt. Ltd. Mumbai, India). The
roots were divided randomly into 2 groups (n = 15) and each
irrigant was assigned to one group. Group I: 10 ml of
10%Glycolic acid (GA) Group IlI: Control group (C) total
volume of 10 ml (5 ml of 2.5% NaOCI followed by final
irrigation with 5 ml of 17% EDTA). To separate between
them, 5 ml of saline solution was used in between. The canals
were filled with the assigned irrigant, which was renewed
every one minute for a total application time of 3 minutes. All
irrigants were applied into the canal with a 30-gauge-max-i-
probe side vented needle in a plastic syringe. Lastly, saline
was used as a final flush to remove any chemicals from the
canals prior to S2 collection. The postoperative samples (S2)
were taken after irrigation, using the same procedure
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mentioned before.

Sample preparation for smear layer removal:

Another twenty-two human teeth with a single root were
collected and prepared as previously mentioned. The
mechanical procedure was the same as previously mentioned
in Sample preparation for bacterial count, except that the
“root canals” were irrigated with irrigant solution at each
change of rotary files according to the group the specimen
was assigned to. During the experiment, in Group II: The
“root canals” were irrigated each time the rotary files were
changed using a total volume of "5ml of 2.5% NaOCI
followed by 5 ml of 17% EDTA" as the final irrigating
solution, with saline solution used in between. After root
chemo-mechanical preparation was completed, the teeth were
irrigated with 5 mL of saline to remove any residue and dried
with x4 paper points in both groups.

Specimen preparation for ESEM assessment of smear
layer removal

After different irrigation protocols, the paper points were left
inside the root canals to prevent the dentin dust penetrating
into the areas of root evaluation during splitting. Then roots
were split longitudinally by applying buccal and lingual
grooves on the external root surface using a double-faced
diamond disc at low speed under profuse irrigation. This was
done without entering the canal lumen. After that, a hammer
and a microtome blade were used to complete the division of
the root into two halves Figure (1). The two halves of each
root were then examined under stereo microscope (Lecia
microsystems, Swizerlands) under magnification of (X16) to
select the most representative half to be used for ESEM
analysis. The specimens were dehydrated, fixed on metal
stubs with electro-conductor glue and then transferred to
ESEM plate. Environmental Scanning electron microscopy
(ESEM) “Quanta 3D 200i (FEI company, Hillsboro, Oregon,
USA)” was used with an acceleration voltage of 20 K. V. All
the specimens were scanned at a magnification of 1,000 x.
“The coronal, middle and apical thirds” of the root canal were
examined individually at 3, 7, and 12 mm from the apex
respectively, in each specimen at magnifications of 1,000 x
(291, Finally, ESEM images were obtained and analyzed.

Fig 2: Specimens glued on metal stubs using electro-conductor glue
and then transferred to ESEM plat
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Evaluation of bacterial count reduction

Bacterial count reduction evaluation using the brain heart
infusion agar method. In the laboratory, all groups were
sampled to count the number of bacteria remaining in the
canals. To collect the samples, a sterile 0.9% saline solution
was injected into each canal and three sterile paper points
were inserted into WL. After that, paper points were put into
sterile eppendorf tube containing a 500 uL solution of (PBS),
and they were vortexed for one minute. To assess the
microbiological load, 100 pl aliquots of the vortexed samples
were inserted in a fresh sterile eppendorf tube with 1 ml of
thioglycolate to produce a 1/10 concentration. Sterile
micropipettes with yellow tips were used to collect 20 pl from
eppendorf tube. The sample was then distributed over the
surface of the brain-heart infusion agar plates (TM MEDIA®,
TITAN BIOTECH LTD. Rajasthan, India) by using a sterile
L-shaped glass rod. The plates were then incubated at 37°C
for 24 hours. Each plate's bacterial colonies were counted and
reported as CFU/m] 130,

Evaluation of smear layer removal

The ESEM photographs were evaluated by two blinded
observers using a scoring method to assess the presence of
“smear layer”. Each sample was assigned a “smear layer”
score based on the 3-level scoring system established by
Zmener et al., 2005 BY was used as follows: Score 1: “All
dentinal tubules were open, and no smear layer was present”.
Score 2: “Some dentinal tubules were open, and the rest was
covered by a smear layer”. Score 3: “Continuous smear layer
covered the canal walls, and no dentinal tubules were seen”.
Each examiner rated each micrograph independently and
blindly. Three micrographs served as visual reference
standards for the scoring system. When there was a
discrepancy amongst the examiners, the micrograph in
question was addressed until an agreement on a specific score
was obtained. Finally, the micrographs were decoded and the
results tallied.

Results

Bacterial count reduction

The findings from the bacterial count reduction analysis
demonstrated that there was “no statistically significant
difference” between the two groups (p = 0.949) before the
application of irrigation protocol Table (1). Regarding the
bacterial count post-irrigation, there was “no statistically
significant difference” between glycolic acid and NaOCI
followed by EDTA (p = 0.14) Table (2). While none of the
experimental irrigation protocols achieved 100% eradication
of “E. faecalis”, however, there was significant reduction in
bacterial count from pre-operative to post-irrigation within
each group (p < 0.001) Table (3).

Table 1: Descriptive statistics, 95% confidence interval and the
result of “independent t-test” for comparison of preoperative
bacterial count between the two groups:
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Table 2: Descriptive statistics, 95% confidence interval and the
result of independent t test for comparison of post-irrigation bacterial
count hetween the two groups:

Group GA Group C P - Value
Mean (SD) 82.5 (13.7) 76.1(9)
Median (Range) | 85 (64-110) | 77 (62 - 88) 0.14
95% CI (74.9 - 90.1) (71.1-81)

“*P: probability level which is significant at P < 0.05; **Bacterial

counts in *10* CFU/ml.”
GA, Glycolic acid; C, Control group

Table 3: The mean, standard deviation, and results of paired t test
for comparison of bacterial counts within each group

Preoperative

Post-irrigation

bacterial count bacterial count P - Value

Mean (SD) Mean (SD)
Group GA 813.5 (40.8) 82.5 (13.7) <0.001*
Group C 812.5 (38.6) 76.1(9) <0.001*

“*P: probability level which is significant at P < 0.05; **Bacterial
counts in *10* CFU/ml.”

GA, Glycolic acid; C, Control group.

Regarding the “smear layer removal”, there was “no
significant difference” between the two groups in all thirds, as
demonstrated in Figure 1) and Table (4). While the “smear
layer” scores within the same group showed in the glycolic
acid group, the “apical third” showed a significantly higher
score than the “coronal and middle thirds”. However, there
was “no significant difference” between the “coronal and
middle thirds”. In the control group, there was “no significant
difference” in “smear layer” score between the apical and
middle thirds, but the score in “the coronal third” was
significantly lower than that in the “middle and apical thirds”
Table (5).

Table 4: Descriptive statistics, 95% confidence interval and the
result of “Mann - Whitney U test” for comparison of “smear layer”
scores between the two groups

| GroupGA | GroupC | P-Value
Coronal third
Mean (SD) 1(0) 1(0)
Median (Range) 1(1-1) 1(1-1) 1.0
95% ClI (1-1) (1-1)
Middle third
Mean (SD) 1.5 (0.5) 1.8 (0.6)
Median (Range) 1(1-2) 2(1-3) 0.155
95% ClI (1.1-1.8) (14-2.2)
Apical third
Mean (SD) 2.3 (0.5) 2.5 (0.5)
Median (Range) 2(2-3) 3(2-3) 0.204
95% CI (2-2.6) (2.2-2.9)

GA, Glycolic acid; C, Control group. “P: probability level which is

significant at P <0.05”

Table 5: Means, standard deviations and the results of “Friedman’s
test” and “post hoc Wilcoxon’s signed rank tests” with Bonferroni

correction for comparison of “smear layer” scores within each group:

Group GA Group C P - Value
Mean (SD) 813.5 (40.8) 812.5 (38.6)
Median (Range) | 814 (762 -876) | 811 (767 - 893) 0.949
95% CI (790.9 - 836.1) | (791.1-833.9)

Coronal Middle Apical P - Value
Group GA 1° (0) 1.5° (0.5) | 2.32(0.5) <0.001*
Group C 1° (0) 1.82(0.6) | 2.5%(0.5) <0.001*

“*P: probability level which is significant at P < 0.05; **Bacterial
counts in *10* CFU/ml.”
GA, Glycolic acid; C, Control group

*Significant at p<0.05; **Different small letters indicate statistical

significance within rows”

GA, Glycolic acid; C, Control group
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Score 3

Fig 3: ESEM micrographs (1,000 x) showing “smear layer removal” in samples of glycolic group on left side and the control group on right side
(A) Coronal third, (B) Middle third, and (C) Apical third

Discussion

This study includes single-rooted mandibular premolars
because they have a single oval canal cross-section, which
cannot be touched and cleaned well by the rounded cross-
sectioned endodontic file. As a result, there are substantial
areas of the canal walls that remain untouched, leading to an
accumulation of hard-tissue debris in irregularities within the
root canal space B2 % According to literature, these
untouched zones may reach up to 35% of the overall canal
walls 32, Hence, the effectiveness and function of the

irrigants would be more reliable.

For the DE coronation procedure, teeth with lengths between
18mm and 25mm were chosen so that the resulting roots
would measure 16x1mm. This is because the average length
of mandibular premolars is 22.5mm according to Cleghorn et
al., 2019 B4,

ProTaper Next rotary system was employed for mechanical
preparation to remove pulp tissue, standardize the canal
diameter and provide a more predictable preparation form
while also increasing procedural efficiency B> %I This is
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because of the offset mass rotation motion, which produces a
unique asymmetrical rotary motion and at any given cross-
section the file only touches the wall at two points; which
gives the advantage of reducing the taper lock and the file has
more cross-sectional space for better cutting and loading
debris 71,

Apical preparation was completed with an X4 file as a master
apical file, which is equivalent to size #40 1SO, to achieve
proper preparation because the surface area of the canal left
untouched was 35%-50% with large apical preparations
(minimum 1SO #40) and preparations less than file #40,
which leave much more unprepared dentin 8, According to
the findings of the research conducted by Usman et al., 2004
39 “root canals” prepared to “size #20” exhibited
considerably higher apical debris than those produced to size
#40, even when the taper was set at 0.06. Therefore, the
common rule of making the canal instruments three sizes
larger than the initial file may not clean the dentinal walls
adequately. Additionally, wider apical preparations minimize
the number of bacteria because leaving bacteria in the apical
part of the root may contribute to failure. Larger apical
preparations are essential to remove contaminated dentin and
enable deeper irrigant flow. Moreover, when root canals were
prepared less than size #40, syringe irrigation was shown to
be less effective [%,

A flowable composite was used to seal the apex to simulate a
clinical situation in which the root apex is encircled by
periodontal ligaments and enclosed in the alveolar bone
socket 401, Meanwhile, the flowable composite maintained the
inoculated bacteria enclosed within the root canal system 1,
Sample Sterilization was done after the chemo-mechanical
preparation using an autoclave to ensure a completely sterile
root canal system prior to bacterial inoculation 2,

This study investigated E. faecalis since it has various
characteristics that contribute to its virulence, including the
capacity to survive in conditions with limited nutrition
supplies as well as the strong ability to penetrate the dentinal
tubules and form biofilm causing endodontic treatment failure
[36, 43, 44].

A Colony-Forming Unit (CFU) was used to evaluate bacterial
count reduction, which is regarded as a standard approach for
evaluating antibacterial efficacy since it effectively quantifies
the quantity of bacterial content and provides an indication of
the low viable bacteria load of each evaluated irrigation
protocol. However, samples were obtained from the main root
canal only, therefore it is impossible to evaluate how well the
irrigation procedure affects the depth of the dentinal tubules
[36]

The sample was inoculated with E. faecalis for one week to
allow maximum growth of the E. Faecalis [*°],

The BHI agar method was utilized in this study since it is one
of the most used techniques for determining the antimicrobial
activity of endodontic irrigant. It enables direct comparisons
of the test irrigants against the test microorganisms, indicating
which substance can eradicate bacteria in the environment of
the “root canal system” [46],

In this study, 5 mL of 2.5% NaOCI was used between every
two successful files in the control group as it is the gold
standard endodontic irrigant owing to its antibacterial efficacy
and its capacity to disintegrate necrotic pulp tissue and
neutralize bacterial byproducts. According to a study
conducted by Vaziri et al., 2012 71, 2.5% NaOCI has a strong
ability to disintegrate organic tissues and denature bacterial
toxins. Moreover, NaOCI has a powerful effect even in non-
instrumented areas. On the other hand, NaOCI cannot remove
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the “smear layer” as evident in the current literature [48 4%,
17% EDTA is the most popular chelating agent used as a final
irrigant, which has a powerful capacity to remove the “smear
layer”. However, it has a limited capacity to promote bacterial
reduction, is cytotoxic, causes extensive changes in the
dentinal structure and is still a pollutant after it is made [“1,
Glycolic acid as a single irrigant shows superior antibacterial
efficacy as it has low pH, high solubility, and its derivatives
are employed in the production of antibiotics [" 36,
Furthermore, bacterial reproduction is largely dependent on
the union of amino acids to make proteins. This chain may be
disrupted at any point by GA, which limits the production of
bacterial proteins and so neutralizes bacteria [*¢ Moreover
GA can “remove the smear layer” by dentinal decalcification
and eliminating the inorganic portion of the “smear layer’ 2],
The environmental SEM (ESEM) was used in this study, as it
may provide subjective findings based on the selection of the
investigated areas as well as the operator's interpretation of
the data. To standardize the readings, the images were taken
at fixed lengths from the root apex (3, 7 and 12 mm from the
root apex) in this research. Furthermore, To maximize the
reliability and precision of the findings, the SEM examination
was conducted by two experienced and blinded examiners 5%,
One of the most significant potential benefits of using the
ESEM over Scanning electron microscopy (SEM) is the
ability to scan samples without pretreatment like placing
conducting coatings, which eliminates the possibility of
artifacts produced during the process of SEM sample
preparation Y. Moreover, the environmental scanning
electron microscope provides technology for imaging
hydrated or dehydrated samples with minimal manipulation
and time 2, The use of low vacuum and low voltage results
in the production of high-quality images that are less
electrostatically distorted and have a spatial resolution as low
as 1.5 mm, which is 3-6 times better than SEM [531,

Studies used magnifications ranging from low to high
magnification power. Low magnification power examines a
broad surface area but lacks surface detail and vice versa for
the high magnification power. Magnification of 1,000 x was
chosen in the present investigation to inspect the “smear
layer” since it yields a large surface area with distinguished
details [54 5],

A scoring system is a standard approach for the evaluation of
“smear layer removal” Bl In this research, the score scale
established by Zmener et al., 2005 1 was used owing to its
clarity, accuracy and simplicity as evident in literature [57-51,
The bacterial count results showed that there was "no
statistically significant difference” between the two groups
before the application of irrigation protocol; where the CFU
count was 813.5 and 812.5 for the control and intervention
groups respectively. These results confirm the viability and
proper cultures of bacteria with no bias between the two
tested groups. The results coincide with the previous studies
conducted by Gambin et al. 2020 % and Souza et al. 2021 [36]
in which bacterial count was applied before irrigation to
check the viability and purity of the microorganisms in the
canals.

The findings of this study indicate that there was “no
significant difference” in bacterial count between the use of
glycolic acid and NaOCI followed by EDTA during post-
irrigation. The mean CFUs were 76.1 and 82.5, respectively,
indicating a significant reduction in E. faecalis count post-
irrigation, which is consistent with previous studies conducted
by Elkabbany 2022 I and Abdel Hafez et al., 2019 (6%,
However, our results disagreed with the study conducted by
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Gambin et al., 2020 % which showed a significantly higher
reduction in bacterial count in the NaOCI group. This could
be attributed to their use of NaOCI, GA, and EDTA each as a
separate irrigant, as well as the use of 3ml of NaOCI at a
concentration of 6% instead of the 5ml of NaOCI at a
concentration of 2.5% used in this study. Furthermore, in the
previous study by Gambin et al., 2020 B9 there was a
“significant difference” between EDTA and glycolic acid,
which contradicts the findings of our study. This difference
could be due to the use of EDTA only in irrigation of the
canal without preceding NaOCI, whereas NaOCl was
followed by EDTA as a routine irrigation protocol in our daily
practice. In add Vition, Souza et al. 2021 [ compared
glycolic acid and EDTA and concluded that there was a
significant increase in bacterial reduction for the glycolic acid
group, which contradicts the findings of our study. This
difference may be due to the use of EDTA as a single irrigant
without preceding NaOCI, unlike in our study. As known,
EDTA is a chelating agent with no antibacterial efficacy
against E. faecalis 61631,

The results of the present study showed that none of the
experimental irrigation protocols obtained 100% eradication
of E. faecalis but there was significant reduction in bacterial
count from preoperative to post-irrigation within each group.
Whereas, for the glycolic acid group, the CFU before
irrigation was 813.5 while post irrigation mean reduction was
82.5 with significant reduction (p< 0.001). Similarly, in the
control group, the CFU before irrigation was 812.5 while post
irrigation mean reduction was 76.1 with significant reduction
(p< 0.001). The findings of the current study are accordant
with these studies Souza et al. 2021 B¢, Gambin et al. 2020
[30], Souza et al., 2018 611 Zhang et al., 2015 ®4, Cecchin et
al., 2015 %] Haapasalo et al., 2014 %, The antibacterial
efficacy of the tested irrigants may be interpreted by that
NaOCI causes a shift in the oxidation-reduction potential of
the bacterial cell where sodium ions rapidly diffuse through
the cell wall of the bacteria causing its death % %1 and GA
suppresses the protein synthesis of the bacteria cell 67 681,
Regarding the removal of the “smear layer”, there was “no
significant difference” between the two groups, in the
“coronal, middle and apical thirds”. These findings are
consistent with earlier research by Barcellos et al., 2020 24
and Dal Bello et al., 2019 ®°, This is interpreted as the ability
of the GA to remove the inorganic component of the “smear
layer” and decalcify dentin by removing calcium ions from it
(211 which is comparable according to the results obtained to
the effect of EDTA by removing inorganic parts from the
“smear layer” via reaction with calcium ions to form soluble
calcium chelates.

The results of the glycolic acid irrigant revealed a
significantly higher “smear layer” score in the “apical third”
than in the “coronal” and “middle thirds”. This finding is in
accordance with previous study conducted by Barcellos et al.,
2020 24, Incontrast, the study by Dal Bello et al., 2019 [
showed “no significant” difference between “the middle and
apical thirds”, which is discordant with our study. This
difference may be justified using different electron
microscopes to capture the images. ESEM used in this study
requires no pretreatment of the samples, unlike SEM which
mandates preparation of the sample that, in turn, may
negatively affect the surface details. Moreover, the
magnification power used in the current study was 1,000 x
while that in the previous study was 2,000 x. Additionally,
different scoring systems were used to assess “smear layer
removal”, such as Zmener et al., 2005 ¥4 scoring system used
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in this study and Hiilsmann et al., 1997 "% scoring system
used in the previous study. Our findings can be interpreted by
the fact that the “smear layer” cannot be completely removed
from the apical third, due to the presence of sclerotic dentin in
the apical part of the canal impeding the irrigants’ flow 74
and larger width of the canal at the “coronal and middle
thirds” in comparison to the “apical third”, that is the
narrowest area, allowing higher flow of the irrigants (2. 72. 73],
Within the control group, there was “no significant
difference” in “smear layer” score between “the apical and
middle thirds”, while “the coronal third” showed significantly
lower “smear layer” score “than the middle and apical thirds”,
which is in accordance with Dal Bello et al., 2019 %%, While
study conducted by Barcellos et al., 2020 U showed all
experimental irrigant less effective in removing the “smear
layer” on the “apical third” of the root canal compared to “the
coronal and middle thirds”.

The current study accepted the null hypothesis, which stated
that there was "no significant difference™ between using 10%
glycolic acid versus 2.5% sodium hypochlorite and 17%
EDTA in terms of reducing E. faecalis count and removing
“smear layer”. However, this highlights the positive effect of
glycolic acid which can be used as a single irrigant owing to
its antibacterial effect and “smear layer removal” comparable
to NaOCl and EDTA.

Conclusion

e Within the limitations of this in-vitro study, it can be
concluded that, Glycolic acid can be used as a single
irrigant owing to its antibacterial efficacy and the ability
to remove the “smear layer”.

e Up to date, no irrigant achieves total eradication of E.
faecalis.

e “Smear layer” is more prevalent in the apical third than
the coronal third of the dentinal root canal.

Recommendations

Under the conditions of the current study, we recommend
further research to explore the antibacterial effectiveness and
removal of “smear layer” of glycolic acid in conjunction with
different methods of irrigant activation, such as sonic
activation, laser, and brush file. Additionally, further research
is required using irrigants with different concentrations, pH,
contact time, and higher temperatures. Furthermore, we
recommend conducting further research comparing the
efficacy of glycolic acid with other single irrigants, such as
PAA. In addition to the previous, we recommend evaluating
the effect of glycolic acid as a “single irrigant” on the quality
of sealer penetration within dentinal tubules. Moreover, we
suggest using the percentage of open dentinal tubules with
digitized software as an assessment method for evaluating
“smear layer” removal.
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