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EFFECT OF LASER ACTIVATION OF NATURAL HERBAL EXTRACTS
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ABSTRACT

Background: The current research analyzed and compared the impact of laser activation of
natural herbal extract alternatives (black seed and green tea extract) as final irrigants against the
conventional ethylenediaminetetraacetic acid solution (EDTA) on the microhardness of coronal
pulp chamber and apical root dentin.

Material and Methods: 36 extracted human lower first premolars were chosen. Each tooth
was sliced longitudinally into 2 halves (72 specimens) that were randomly categorized into three
groups depending on the final irrigant; 7% black seed, 12% green tea extract, and 17% EDTA
solution. Typical quantities of 3 ml of each solution were utilized for one minute and finally
activated by diode laser for one minute. The microhardness values were assessed initially and
following final irrigation by implementing a Vickers indentor with a weight (50 grams) and dwell
period (10 seconds). The percentage decline in microhardness was displayed. The statistical data
were evaluated through a one-way analysis of variance and the post hoc Tukey test. The t-test was
employed for comparing the various microhardness values with a P value (p < 0.05).

Results: Following final irrigation, all the proposed irrigants considerably reduced the
microhardness of the pulp chamber and apical root dentin (P < 0.05). There was a remarkable
difference related to the decline of microhardness among either the black seed or the green tea and
EDTA group.

Conclusions: laser activated 12% green tea or 7% black seed extract produced less decrease in
the coronal pulp chamber and apical root dentin microhardness compared to 17% EDTA.
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INTRODUCTION

Endodontic treatment is indicated after the
lack of dental pulp vitality. The pulpal remains
and related bacteria were eliminated by root canal
debridement in a chemical and mechanical way .
The microbial load is eradicated by using strong
antimicrobial compounds like sodium hypochlorite
(NaOCl) at different concentrations up to 5% ™.
Mechanical cleaning and shaping caused a smear
layer to build atop the dentin surface, obstructing
dentinal tubules. Calcium-chelating chemicals, such
as 17% EDTA, can eliminate the smear layer by
dissolution of the inorganic material 1*'. The number
of antibiotic strains was constantly increasing.
Synthetic drugs had several side effects,encouraging
researchers to develop herbal alternatives . Green
tea polyphenols were one of the herbal alternatives
gained from the early tea plant shoots, Camellia
Sinensis, which displayed outstanding chelating
qualities . Nigella sativa seeds and oil have been
utilized for ages around the world to treat a variety
of diseases. The N. sativa plant is referred to as
black seed. The chemical constituents of the black
seed include volatile oil, proteins, carbohydrates,
fixed oil, alkaloids, saponins, certain fatty and
amino acids, minerals, traces of elements, and heavy
metals. Furthermore, it includes several inorganic
constituents ranging in concentration between
1.79% and 3.74%, comprising calcium, potassium,
Activated
irrigation was a potentially helpful approach since

phosphorus, sodium, and iron.
it increased the antibacterial and tissue-dissolving
efficiency of the irrigants ", The diode laser is
an efficient and convenient innovation applied in
various clinical approaches. Its wavelengths vary
between 655 and 980 nm and are appropriate for
dental applications. This can be accomplished
through using a thin, flexible fiber that can be easily
inserted into curved and narrow canals, as well as
unreachable areas inside the root canals. The diode
laser can effectively minimize the bacteria counts

inside the dentinal tubules up to 500 wm depth ®l.
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These irrigants and chelating compounds may
alter the structural characteristics and calcium-to-
phosphorous ratio of coronal and radicular dentin .
Any variations in this ratio could influence the early
proportions of organic and inorganic constituents,
affecting dentin’s microhardness, permeability, and
solubility. Variations in the mineral constitution of
the outer dentin layer can subsequently impair the
seal ability and adhesion of dental materials to the
pulp chamber and root dentin, especially resin-based
composite and sealers of root canals %, In addition,
laser activation may alter dentin’s chemical,
physical, and microhardness properties *). However,
inadequate data was available to evaluate the effect
of laser activation of natural herbal extracts as a
final irrigant on dentin microhardness. As a result,
the current research analyzed and compared the
impact of laser activation of natural herbal extracts
alternatives (7 % black seed 12 % green tea extract)
as a final irrigant to the conventional 17 % EDTA
on the microhardness of pulp chamber and apical
root dentin. The null hypothesis was that laser-
activated natural herbal extract irrigant solutions
would not positively impact the microhardness of
the pulp chamber and apical root dentin following
mechanical instrumentation.

METHODS

Study design and ethical approval document

The Research Ethics Committee (REC), Faculty
of Dentistry, Sinai University, has accepted the
study’s protocol (approval no.. SU.REC.2024
(27 H). Before the study began, all the teeth were
obtained from patients who had already gained the
consent describing their approval of using their
biologic samples, so informed consent to participate
was obtained from all of the participants in the
study. All patients should be free of any systemic
diseases, and a suitable medical index is needed to
assess their medical status.
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Sample size calculation

The sample size was estimated employing
G*Power version 3.1.9.7 based on the findings
of a prior investigation """l A power analysis was
conducted to ensure that there was enough power
to perform a two-sided statistical test. By adopting
an alpha level of 0.05 and a beta of 0.10, i.e., power
= 90% and an effect size (d) of 0.65, the expected
sample size (n) was 36, i.e., 12 specimens per group,
to detect the microhardness differences among the
tested groups.

Specimens’ selection

For measuring the microhardness of the coronal
pulp chamber and apical root dentin, a study included
thirty-six freshly extracted human mandibular first
premolars for orthodontic or periodontal purposes.
They were maintained at 4°C in saline containing
sodium azide (0.02%) and used at least a month
following extraction. The study was planned to
include single-rooted, caries-free lower premolars
with fully developed roots, without any cracks or
fractures. Cone beam CT was utilized to identify
premolars with single-rooted canals. Teeth with
internal resorption, undeveloped roots, calcified
canals, and root canals lacking apical patency were
excluded. A 2.6% NaOCI (5 ml) was applied for
1 hour to dissolve the tissue adhering to the root
surfaces. The ultrasonic scaler was used to eradicate
any residual tissue or calculus. The teeth were
subsequently maintained in a regular saline solution
(0.9%) until used ",

Specimens’ preparation

For teeth preparation, a high-speed handpiece
with a round cutting tip and Endo-Z burs were
used. After pulp exposure, a sterile tapered diamond
bur was used to make an access cavity through the
crown. For the goal of standardizing the working
length, the crowns of the selected premolars were
smoothed out beneath a stream of water coolant to
create a point of reference. The specified length of
the roots was 21 mm 131,
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Each root’s cementum was covered with cement,
and asealed canal system was created. The apical part
of the root was covered with heated, soft adhesive
and permitted to set prior to being put into a clear
Plexiglas tube loaded with polyvinyl silicone!'¥.
K-file ISO #10 was pushed inside the root canal to
confirm apical clearance up to its tip was clearly
observed through the apical foramen. When a file
initially emerged, the length was shortened by 1
mm to estimate the working length !'?!. The working
length (WL) was preset at 20 mm. The Protaper Next
rotary system (PTN) (Dentsply Maillefer) had been
employed for root canal mechanical preparation via
a crown-down approach. This was performed using
an endodontic motor (XSmart, Dentsply Maillefer,
Ballaigues, Switzerland) that was customized to
a 2 Ncm (torque) and 300 rpm (rotational speed)
regarding the manufacturer’s recommendations.
The PTN rotary system X4 (40/6%) was worked as
the master apical file until it reached the full W.LL
in a pecking action. Throughout the mechanical
preparation, the root canals were constantly
rinsed by a 2.5% NaOCl (5 mL) (Golden Falcon,
Dubai, UAE) for 1 minute between instruments.
Afterwards, distilled water (5 ml) was delivered
into the canals for one minute to counteract the
carryover action of NaOCI. Prior to the final
irrigation protocol, each tooth was cut vertically
into two halves (72 specimens), and each half was
immersed in auto-polymerizing acrylic resin (Caulk/
Dentsply, Milford, DE, USA). The dentin surfaces
of each specimen were smoothed with gradually
finer abrasive sheets to eliminate any existing
surface roughness or scratching. The specimens
(n=72) were then randomly distributed among three
groups of 24 specimens each, based on the type of
the final irrigant solution. Group 1: dentin surfaces
of the specimens were rinsed with 3 mL of 7%
black seed extract for 1 minute that is prepared at
Nano Gate Company (Cairo, Egypt) by dissolving
2.1 gram of black seed extract in 30 mL distilled
water to get homogenous solution. Group 2: dentin
surfaces of the specimens were rinsed with 3 mL
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of 12% green tea extract for 1 minute. 12% green
tea was prepared at Nano Gate Company (Cairo,
Egypt) by dissolving 3.6 gram of green tea extract
in 30 mL distilled water. Group 3: dentin surfaces
of the specimens were rinsed using 3 mL of 17%
ethylenediaminetetraacetic acid (EDTA) (Dent
Wash . Dental New York NY) solution for 1 minute.
Each specimen was surrounded all around by a
piece of pink wax in the form of a trough for holding
the irrigant solution. Irrigation was administered
utilizing a 30-gauge side-ventilated needle (NaviTip,
Ultradent, UT, USA). Once the final irrigants were
dispersed, the irrigation solutions were activated
utilizing a diode laser for 1 minute, using a thin,
flexible fiber tip (Clarso pico, elexxion AG dental
laser, Singen, Germany). Subsequently, the samples
were promptly rinsed with purified water (5 ml) to
prevent extended exposure to chelating solutions
and then blotted dry.

Microhardness assessment

the dentin
microhardness of each tooth half was assessed

Prior to the irrigation phase,
utilizing a microhardness testing machine with a
Vickers diamond indenter (Wilson hardness tester
model TUKON 1102 Germany) and recorded as
control values (V1). Three distinct indentations
were created parallel to the border of the pulp
chamber (2 mm atop the cement-enamel junction)
and the root canal space (0.5 mm beyond the root
canal edge), at a 100 ym depth from the pulp-
dentin interface. Each indentation utilized a 50-
gram (HV 0.05) weight and a dwell time (10
seconds), positioned at varying locations on the
pulp chamber dentin and apical root dentin within
each specimen. Following the final irrigation, new
indentations were made for each sample close to
the initials utilizing the same procedures as before
(V2). The microhardness values were calculated as
the mean of the indentations’ data. For calculating
the reduction in each specimen’s microhardness
values, the following formula has been used: V1-
V2/V1x100 Where V1 denotes the control Vickers
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hardness number (VHN) and V2 indicates post-
treatment VHN [15],

Statistical analysis

Statistical data analysis was carried out employ-
ing SPSS 23.0 (Statistical Package for Scientific
Studies, SPSS, Inc., Chicago, IL, USA) for Win-
dows. The values were reported as means and rang-
es. The recorded values were regularly distributed
after having been assessed with the Kolmogorov-
Smirnov test for normality checking. Consequently,
a one-way analysis of variance (ANOVA) test was
applied to compare groups and accompanied by
Tukey’s post hoc test for pairwise comparisons. The
significance level was determined at p < 0.05.

RESULTS

Upon comparing the Vickers microhardness
values (mean =+ standard deviation) of coronal
pulp chamber dentin and apical root dentin across
the tested groups prior and subsequent to final
irrigation treatment, as displayed in (Table 1).
There was no statistically significant difference
was observed prior to the final irrigation treatment.
While subsequent to final irrigation, the coronal
pulp chamber and apical root dentin microhardness
decreased significantly (P < 0.05) between the
12% green tea or 7% black seed and 17% EDTA
groups. Average percentage variations in Vickers
microhardness values of coronal pulp chamber
and apical root dentin following the final irrigation
treatment are summarized in (Table 2). The EDTA
group demonstrated the greatest mean percentage
decline in the microhardness for both the coronal
pulp chamber and apical root dentin, followed by
the black seed and green tea groups. While, there
was an insignificant difference between the 12%
Green tea and 7% black seed groups (P >0.05).
According to the mean percentage change, there
was no statistically significant difference in the
microhardness of the apical root dentin and the
coronal pulp chamber, as indicated by the p-value
(P>0.05) in (Table 3).
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TABLE (1) Comparison between groups according to micro hardness of coronal pulp chamber and apical
root dentin before and after the final irrigation treatment.

Micro hardness of coronal

. Black seed group Green tea group EDTA group F-test p-value
pulp chamber dentin
Before treatment
Mean+SD 65.87+2.13 66.35+4.10 66.28+2.87
ean= * * * 0.081 0922
Range 62.8-68.4 59.9-72.8 61.7-72.33
After treatment
Mean+SD 48.33+3.50A 49.53+2.16A 42.92+2.27B
cans * 953+ 92+ 20222 0.001%
Range 42.4-54.3 46.4-52.6 40.3-46.1
Difference
Mean+SD 17.53+£3.15B 16.83+4.57B 23.36+2.65A
12.261 0.001%*
Range 13.8-25.2 7.7-26 19.1-26 4
Micro hardness of apical
. Black seed group Green tea group EDTA group F-test p-value
root dentin
Before treatment
Mean+SD 45.46+6.80 49.82+4! 47.10+4.86
ean+S 5.46+6 9.82+4.99 +4.8 1839 0.175
Range 33.8-55.0 39.8-58.6 37.7-55.8
After treatment
Mean+SD 05+2.10B 66+£3.17A 8442,
ean+S 33.05+2.10 37.66+3.17 30.84+2.30C 22133 0.001*
Range 28.9-37.5 31.9-40.7 26.7-33.1
Difference
Mean+SD 12.40+3.60B 12.16+£3.40B 16274 07A
cans * = = 2.409 0.011*
Range 1.6-21.2 4.8-19.1 10.3-22.8

Using: One way Analysis of Variance test was performed for Mean+SD & Multiple comparison between groups through

Post Hoc test: Tukey’s test
Different capital letters indicate significant difference at (p<0.05) among means in the same row

p-value >0.05 is insignificant; *p-value <0.05 is significant

TABLE (2) Comparison between Groups according to mean percentage of change in Micro hardness of
coronal pulp chamber and apical root dentin.

Mean % Change of coronal

. Black seed group  Green tea group EDTA group F-test p-value
pulp chamber dentin
Mean+SD 26.63+4.66B 25.09+5.63B 35.20+£3.20A
16.78 0.001*
Range 20.3-37.1 12.8-359 29.7-39.2
Mean % Change of apical
. Black seed group  Green tea group EDTA group F-test p-value
root dentin
Mean+SD 26.03+7.24B 23.82+6.85B 34.15+£5.56A
8.178 0.013*
Range 4.5-39.1 10.8-374 23.8-43.6

Using: One way Analysis of Variance test was performed for Mean+SD & Multiple comparison between groups through
Post Hoc test: Tukey’s test

Different capital letters indicate significant difference at (p<0.05) among means in the same row

p-value >0.05 is insignificant; *p-value <0.05 is significant
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TABLE (3) Comparison between microhardness of coronal pulp chamber dentin and microhardness of

apical root dentin according to mean percentage change.

Microhardness of coronal

Microhardness of apical

Mean % Change . . t-test p-value
pulp chamber dentin root dentin
Black seed group
Mean+SD 26.63+4.66 26.03+7.24
0.175 0.864
Range 20.3-37.1 4.5-39.1
Green tea group
Mean+SD 25.09+5.63 23.82+6.85
0412 0.689
Range 12.8-359 10.8-374
EDTA group
Mean+SD 35.20+3.20 34.15+£5.56
0.611 0.554
Range 29.7-39.2 23.8-43.6

Using: t-Independent Sample t-test for Mean+SD;

DISCUSSION

Using root canal irrigating solutions for
disinfection or smear layer elimination during
mechanical preparation and instrumentation may
induce structural alterations within the dentin
surface, influencing its physical characteristics %!
According to reports, there is a significant relation
tooth
concentrations "1, These irrigants can negatively
affect the
adhesive restorations either directly by influencing
the bonding procedure or indirectly by altering the

structural and mechanical qualities of the bonding

between  the hardness and mineral

bonding of subsequently inserted

substrate (pulp chamber dentin). The reduction
in the calcium and phosphorus ratios as well as
the mechanical characteristics of dentin, such
as flexural strength, modulus of elasticity, and
microhardness, has been demonstrated following
root canal irrigation, which in turn could minimize
the  micro-mechanical interlocking between
adhesive resins and pulp chamber dentin "”', There
were insufficient data exploring the effect of laser
activation of herbal extract solutions on dentin
microhardness. Hence, the research analyzed and
compared the impact of laser activation of natural

p-value >0.05 is insignificant; *p-value <0.05 is significant

herbal extracts alternatives (7% black seed and
12 % green tea extract) as a final irrigant to the
conventional 17% EDTA on the microhardness of
the coronal pulp chamber and the apical root dentin.
The Vickers test was employed in this study due to
its lesser sensitivity to the surface characteristics
than other microhardness measuring techniques and
its greater sensitivity to measurement inaccuracies
when equal forces are exerted "8l The dentin
microhardness gets reduced as the indentations are
created near the pulp ™. In the current research
Vickers dentin microhardness was evaluated by
creating indentations at a 100 ym depth and 0.5
mm beyond the pulp walls in the apical root and
pulp chamber dentin for standardization, employing
a 50-gram weight and a dwell duration for each
measurement (15 seconds). The canal apical
portion is more critical for its narrower dimensions
compared to the other parts and its harboring of a
significant quantity of bacteria. Alongside the crucial
instrumentation and irrigation of this apical portion.
Moreover, numerous bacteria that have infiltrated
the dentinal tubules, known as the apical “vapor
lock,” might substantially hinder canal debridement
during positive pressure irrigation ¥, Activation
strategies were developed to counteract the vapor
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lock phenomena in the apical part ). The flushing
effect and warming action of laser radiation on the
irrigant solution could boost its efficiency and allow
it to contact previously inaccessible areas in the root
canal. Furthermore, the employment of a laser tip
that was flexible and thin. This laser tip could affect
the confined portion of the root canal within 1 mm
of apical constriction activates the irrigation in this
area, resulting in a powerful disinfection effect 1>!1.
The results of the present research demonstrated an
insignificant contrast in the mean percentage change
of microhardness among the coronal pulp chamber
and apical root dentin.

However, apical root dentin showed the greatest
loss in microhardness compared to coronal pulp
chamber dentin. These findings could be attributed
to the lower mineral density of radicular dentin
in comparison to pulp chamber dentin. This
outcome was in line with previous research 2,
Furthermore, the results indicated that each of
the examined irrigation solutions lowered the
microhardness of apical root canal and coronal pulp
chamber dentin. However, there was a substantial
EDTA and 7%black
seed or 12%green tea extract, while there was an

difference between 17%

insignificant difference between black seed and
green tea extract. Nevertheless, green tea extract
generated less reduction of microhardness in the
coronal pulp chamber and apical root dentin than
black seed extract. It could be related to the major
component of green tea extract, the catechin,
which constitutes one of the important green tea
polyphenols 1?1, Also, green tea polyphenols are
a chelating agent **. Further explanation was that
phenolic elements, particularly epigallocatechin-
3-gallate (EGCGQG), could reduce dentin erosion by
inhibiting MMPs, and the presence of low acidic
pH may also be responsible for the lower decline
in microhardness '»!. This study’s findings were
consistent with previous research, which found
that green tea extract revealed a lower reduction in
dentin microhardness 9.
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Other studies revealed that the green tea extract
might minimize the roughness and the wear caused
by erosion of dentin, which contradicted our
study " One possible explanation for the
discrepancy could be the different approaches
used. The effect of black seed on the coronal pulp
chamber and apical root dentin could be associated
to its chemical constituents, which possesses caries
resistant elements such as phosphorous and calcium,
that are essential components of the tooth structure
1281 This could serve to improve the tooth structure’s
microhardness.

The results of this study were supported by other
research, which concluded that the rise in the black
seed extract concentration could boost the mineral
concentration in the extract, leading to a higher
calcium-phosphate ratio (Ca\P), thus hardening the
tooth structure . Furthermore, the study’s findings
showed that a 17% EDTA solution dramatically
decreases the microhardness of the coronal pulp
chamber and root dentin. By eliminating calcified
dentin ingredients, chelating agents soften dentin
and promote a decrease in dentin microhardness
B0 From the research’s limitations, a substantial
amount of the irrigant can be applied uniformly
while maintaining similar with the apical root and
coronal pulp chamber dentin surfaces. This is not
simulating the clinical situations due to the existing
of the apical vapor lock. Another limitation was
the limited accessibility of the laser flexible tip
application that could be encountered, reducing the
proper penetration in the clinical conditions.

CONCLUSIONS

Under the present research limitations, the
coronal pulp chamber and apical root dentin
microhardness were decreased following laser
activation of the proposed irrigation solutions.
However, 12% green tea and 7% black seed extract
showed the least decrease in the apical root and
coronal pulp chamber dentin microhardness. So,
the null hypothesis tested was rejected as the tested
herbal extracts had favorably impacted the dentin
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microhardness. Lastly, it is suggested that additional

in vivo research be required to examine how these

herbal irrigants affect the bonding properties and

mechanical behavior of the coronal and radicular

dentin.
REFERENCES
1. Ma, J., Wang, Z., Shen, Y. & Haapasalo, M. A new

noninvasive model to study the effectiveness of dentin
disinfection by using confocal laser scanning microscopy.
J. Endod. 2011; 37: 1380-85.

Wang, Z., Shen, Y. & Haapasalo, M. Effectiveness of
endodontic disinfecting solutions against young and old
Enterococcus faecalis biofilms in dentin canals. J. Endod.
2012;38: 1376-79.

Taneja S, Kumari M, Anand S. Effect of QMix, peracetic
acid and ethylenediaminetetraacetic acid on calcium loss
and microhardness of root dentine. J] Conserv Dent. 2014;
17:155-8.

Murray PE, Farber RM, Namerow KN, Kuttler S, Godoy F.
Evaluation of Morinda citrifolia as an endodontic irrigant.
J Endod 2008 34:66-70.

Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K,
Sehgal PK, Sukumaran VG. Evaluation of antimicrobial
efficacy of herbal alternatives (Triphala and Green tea
polyphenols), MTAD and 5% sodium hypochloride against
Enterococcus faecalis biofilm formed on tooth substrate:
an in vitro study. J Endod 2010; 36:83-86.

Hoobi NM, Rzoqi
phosphorous

MG. Dissolution of inorganic
ion from teeth treated with different
concentrations of aqueous extract of Nigella sativa (Black
Seed) in comparison with sodium fluoride: An in vitro
study Int J Sci Res. 2017;6:1962-5.

Dioguardi M, Di Gioia G, llluzzi G, Ciavarella D, Laneve
E, Troiano G, et al. Passive ultrasonic irrigation efficacy
in the vapor lock removal: systematic review and meta-
analysis. Sci World J.2019;6765349.

Quteifan MQ, Madarati AA. Comparative ex-vivo study
of effects of different irrigation protocols with / without
laser activation on the root dentine. Eur Endod J. 2019;
3:127-32.

Dogan H, Calt S. Effects of chelating agents and sodium
hypochlorite on mineral content of root dentin. J Endod
2001; 27:578-80.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Yasmin Tawfik Mohamed Sobh and Mona Rizk Aboelwafa Ahmed

Sayin TC, Serper A, Cehreli ZC, Otlu HG. The effect of
EDTA, EGTA, EDTAC, and tetracycline-HCI with and
without subsequent NaOCl treatment on the microhardness
of root canal dentin. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2007;104:418-24.

Elgendy, A. A. The Effect of Chitosan and Propolis
Irrigation on Root Dentin Microhardness. EDJ.2017,;
63:1069-75.

Sobh YTM and Ragab MH. Residual dentin thickness of
root canal transportation by various metallurgical rotary
systems: An in vitro study. SEJ; 2024:14:69-74.

Saber SE and Hashem A A. Efficacy of Different Final
Irrigation Activation Techniques on Smear Layer Removal.
JOE;2011: 37:1272-75.

Tay FR, Gu LS, Schoeffel GJ, et al. Effect of vapor lock on
root canal debridement by using a side-vented needle for
positive-pressure irrigant delivery. J Endod 2010; 36:745-50.

Akcay I and Sen B. The Effect of Surfactant Addition to
EDTA on Microhardness of Root Dentin. J Endod 2012;
38:704-7.

Panighi M and G’Sell C. Influence of calcium concentration
on the dentin wettability by an adhesive. J] Biomed Mater
Res 1992; 26:1081-9.

Nagpal R, Manuja N, Pandit IK. Effect of proanthocyanidin
treatment on the bonding effectiveness of adhesive
restorations in pulp chamber. J Clin Pediatr Dent. 2013
Fall;38:49-53

Cruz-Filho AM, Sousa-Neto MD, Savioli RN, Silva RG,
Vansan LP, P ecora JD. Effect of chelating solutions on the
microhardness of root canal lumen dentin. J Endod 2011;
37:358-62.

Oliveira LD, Carvalho CA, Nunes W, Valera MC,
Camargo CH, Jorge AO. Effects of chlorhexidine and
sodium hypochlorite on the microhardness of root canal
dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2007;104(4):125-28.

Plotino, G., Cortese, T., Grande, N. M., Leonardi, D. P., Di

Giorgio, G., Testarelli, L., & Gambarini, G. (2016). New
technologies to improve root canal disinfection. Brazilian
Dental Journal; 27: 3-8.

Schoop U, Kluger W, Dervisbegovic S, Goharkhay K,
Wernisch J, Georgopoulos A, Sperr W and Moritz A.
Innovative wavelengths in endodontic treatment. Lasers
Surg Med. 2006; 38:624-30.



EFFECT OF LASER ACTIVATION OF NATURAL HERBAL EXTRACTS AS FINAL IRRIGANTS

22.

23.

24.

25.

26.

Toshiko I, Makoto S, Masato Y,Fumio N and Takashi
MIYAZAKI. Mineral Density of Coronal and Radicular
Dentin. DentMed Res.2013;33: 248-51.

Dreosti IE. Bioactive ingredients: antioxidants and
polyphenols in tea. Nutr Rev 1996;54:S51-58.

Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K,
Sehgal PK, Sukumaran VG. Evaluation of antimicrobial
efficacy of herbal alternatives (Triphala and Green tea
polyphenols), MTAD and 5% sodium hypochloride against
Enterococcus faecalis biofilm formed on tooth substrate:
an in vitro study. J Endod 2010 Jan;36:83-6.

Deb G, Thakur V,Limaye A, Gupta S. Epigenetic induction
of tissue inhibitor of matrix metaloproteinase-3 by green
tea polyphenols in breast cancer cells. Mol Carcinog.
2015; 54:485-99.

Nikhil M, Lekshmi BJ, Igbal S, Rajesh P, Nettiyat O V,
Abdul S A. Effect of Herbal Alternative Irrigant (Green
Tea Polyphenols) on the Microhardness of Root Canal

Dentin after Instrumentation with Thermomechanical

27.

28.

29.

30.

(3539)

Treated NiTi Instruments: An in vitro Study. Cons Dent
Endod J 2018; 3:11-6.

Moraes MDR, Carneiro JRM, Passos VF, Santiago
SL.Effect of green tea as a protective measure against
dental erosion in coronary dentine. Braz Oral Res 2016;
30:1-6.

Nagham A. Jasim and Fadhil M. Abid. Determination
of mineral composition of Iraqi Nigella Sativa L. seed
by atomic absorption spectrophotometer. Iraqi National
journal Of Chemistry.2011,42:178-84.

Nibal M H, Rzoqi MG. Dissolution of Inorganic
Phosphorous Ion from Teeth Treated with Different
Concentrations of Aqueous Extract of Nigella Sativa
(Black Seed) in Comparison with Sodium Fluoride: An in
Vitro Study IJSR 2015;5:1962-65.

Cruz-Filho AM, Sousa-Neto MD, Savioli RN, Silva RG,
Vansan LP, P ecora JD. Effect of chelating solutions on the
microhardness of root canal lumen dentin. J Endod 2011;
37:358-62.



