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ABSTRACT

Background: Calcium hydroxide is a gold standard for root canal sealing material. However, there are many defects
in calcium hydroxide that have prompted many researchers to look for alternative materials, including natural origin
ingredients. Red pine (Pinus densiflora) is often used in dentistry for its antioxidant and antibacterial properties. The
mixture of calcium hydroxide and red pine has never been achieved before. One of the criteria for material sealing is
that the channel should be fully sealed with high flow ability and low viscosity. Therefore, this research is performed to
analyze the viscosity value of the mixture of calcium hydroxide and red pine (Pinus densiflora). Purpose: Knowing the
difference in viscosity of the combination of calcium hydroxide and red pine with a ratio of 1:1, 1:1.5, and 1:2. Methods:
This study used four treatment groups, with each group consisting of 8 replications. Group 1 was a combination of
calcium hydroxide and red pine with a 1: 1, group 2 the ratio was 1: 1.5, group 3 had the ratio 1: 2, and the positive
control group used calcium hydroxide and a sterile aquadest. Calcium hydroxide in powder form and an extract of red
pine in liquid form are mixed according to the ratio. The viscosity value is measured using a viscosity tester, namely the
Brookfield Viscometer. Results: The control group had a lower viscosity than group 3, group 3, and group 2 than group
1. Conclusion: Combination of calcium hydroxide and red pine with a ratio of 1:2, the lowest viscosity was obtained

compared to the ratio of 1: 1 and 1: 1.5.
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INTRODUCTION

Root canal is a treatment that aims to repair an infected
tooth.! Root canal treatment consists of three stages
(endodontic triad), namely 1) preparation to form and clean
root canals, 2) root canal sterilization to kill bacteria in the
root canal, and 3) obturation or filling of the root canal.? As
many as 58% of root canal treatment failures were caused
by low quality obturation. The definition of obturation
according to the American Association of Endodontics,
is a method for filling and closing the root canals using
obturation material.> Obturation material and the selection
of obturation technique are important factors in the success
of obturation.*

Obturation material consists of a core material and a
root canal sealer or paste. Root canal sealer or paste has
the ability to create an attachment between the gutta-percha
and the root canal wall which makes the root canal system
completely closed thereby preventing root canal treatment
failure from occurring.* Therefore, the sealer can affect the
obturation results and thus affect the success of endodontic

treatment.’ The requirements for a good sealer must have a
good adhesion between the core material and the root canal
wall, be bacteriostatic, biocompatible to tissue, not irritate
the periradicular tissue and not hinder tissue repair, on the
contrary it helps repair injured tissue.?

The sealer must also have a flowability that can penetrate
the accessory canals in the root canal system. According to
American Dental Association (ADA) specification No. 57
(American National Standards/ ADA 1983) and ISO-6876
(ISO 2001), the sealer must have a flowability of at least
more than 20 mm of diameter. The higher the flowability,
the higher the sealer’s ability to penetrate irregular root
canal systems.®

The flowability of a liquid is closely related to its
viscosity. Viscosity is defined as the degree of thickness
of a liquid.” The relationship between viscosity and the
flowability of a liquid is inversely proportional® The low
viscosity sealer has a watery texture, so the sealer has high
flowability and the sealer is easy to penetrate in narrow and
complex root canal systems, and vice versa. High flowability
is required by the sealer because the sealer can completely
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cover the root canal so that the objective of obturation is
fulfilled.

Calcium hydroxide is one of the sealers commonly
used in endodontic treatments, because it has antibacterial
properties, reduces tissue inflammation and can stimulate
the formation of hard tissue because it can release calcium
ions (Ca? +) and hydroxyl ions (OH-). Calcium hydroxide
as a root canal sealer also has disadvantages, which can
cause leakage at the marginal edges because the sealer
cannot cover the root canal which is narrow and complex as
awhole.*® The most recent study on the viscosity of calcium
hydroxide sealers was carried out in 2015 under the brand
Sealapex. The sealer has a high viscosity of 523,606 + 20.73
Pa.s (Pascal: unit of viscosity) with a flowability of less than
20 mm, so it is not in accordance with the provisions of the
flowability of ISO and ADA.51°

The viscosity of a liquid can be influenced by several
factors including pressure, temperature, molecular size
and weight, bonds between molecules, forces between
molecules, the concentration of a substance, and the
addition of other substances.'"'* The viscosity increases
with increasing molecular weight, calcium hydroxide has
a molecular weight heavy enough that is 74.08 g / mol so
that the viscosity owned too high calcium hydroxide sealer.'
Due to some calcium hydroxide deficiency, it is combined
with herbal ingredients that can increase anti-bacterial
power, and reduce its viscosity by having a watery texture,
so that the flowability of the sealer is high and the sealer is
easy to penetrate in narrow and complex root canal systems.
Evaluation of simple physical properties such as viscosity
needs to be carried out on the sealer because it can affect
its flowability.'®

Herbal ingredients or natural products are becoming
more popular nowadays due to their high antimicrobial
activity, biocompatibility, anti-inflammatory and anti-
oxidant properties.'” One of these natural ingredients is red
pine. Red pine or Pinus densilora is a red pine plant that
grows naturally or is planted in mountainous areas of Korea,
Japan, and China.'® The leaves have long been used in
traditional Korean medicine for liver problems, indigestion,
and skin diseases." In its biological properties, red pine has
antibacterial properties because it contains antibacterial
ingredients such as flavonoids.?*?! In its physical properties,
red pine essential oil has a viscosity of 12 Pa.s which is
low. This viscosity is obtained by red pinered pine because
essential oil contains 23.6% water, so red pine has a low
viscosity 2.

In 2019, a study was conducted on the comparison of the
antibacterial power between red pine (Pinus densilora) and
green pine (Pinus merkusii) which is native to Indonesia.
From the research results, the concentration of red pine
which is lower than the concentration of green pine, it has
been able to provide antibacterial activity.?*** In the same
year, there was also a study that discussed the comparison
of'the antioxidant power between red pine (Pinus densilora)
and green pine (Pinus merkusii). From this research, it
was found that the antioxidant activity in red pine (Pinus
densilora) was higher than that of green pine (Pinus

merkusii).” Based on some existing research related to the
use of extract red pine (Pinus densilora), until now there
has been no research regarding its use as an alternative
sealer material.

Therefore, research is needed on the use of red pine
(Pinus densilora) combined with calcium hydroxide
powder as an alternative sealer material for its physical
properties, namely viscosity. This research was conducted
at the Industrial Research and Consultation Center (BPKI)
Surabaya, usingextract red pine with a concentration of
0.78% which is the minimum killing concentration (KBM)
and calcium hydroxideusing aratio of powderpowder / liquid
1: 1, 1: 1.5 and 1. : 2.2* Ratio Powder / liquid 1: 1; 1: 1.5
and 1: 2 were chosen because, the ratio of 1: 1 is the gold
standard recommended by the manufacturer, the ratio of 1:
1.5 and 1: 2 was chosen because there has been no previous
research regarding the combination of calcium hydroxide
and red pine so that it follows the ratio of calcium hydroxide
use as a sealer combined with propolis.

MATERIALS AND METHODS

This research is a laboratory experimental research with
a posttest only control group design. In this study, there
were 4 treatments to be given and based on calculations
with Federer’s formula, the minimum sample size required
for each sample group was 6. In this study each group of
experimental units consisted of 8 replications.

The research sample was divided into 4 groups to
determine the difference in viscosity of the combination of
calcium hydroxide and red pine (Pinus densilora) with a
ratio of 1: 1, 1: 1.5 and 1: 2, consisting of group I, namely
a combination of calcium hydroxide withextract red pine(
Pinus densilora) with a ratio of 1: 1, group II, namely a
combination of calcium hydroxide withofextract red pine
(Pinus densilora) a 1: 1.5 ratio, group III, a combination of
calcium hydroxide withofextract red pine (Pinus densilora)
a 1: 2 ratio, and group IV is a combination of calcium
hydroxide and sterile distilled water as a positive control
with a ratio of 1: 1.

In this study, the researchers obtained the essential
oil of red pine (pine densilora) leaves in capsules from
Seoul National University, Korea. essential oil leaf Red
pine(pine densivelora) with a content of 100% is taken as
much as 0.78 ml. Then dilution was carried out by adding
100 ml sterile distilled water and 3 drops of glycerin for
the emulsion process so that the mixture was homogeneous
until it reached a concentration of 0.78%.

The combination of calcium hydroxide and red pine
(Pinus densilora) is made by mixing calcium hydroxide
powder and red pine (Pinus densilora) with a ratio of 1:
1, namely mixing 10 grams of calcium hydroxide powder
withofextract red pine (Pinus densilora) 10 ml, ratio
1: 1.5 mixing 10 grams of calcium hydroxide powder
withofextract red pine (Pinus densilora) 15 ml, while the
ratio of 1: 2 is mixing 10 grams of calcium hydroxide
powder withofextract red pine (Pinus densilora) 20 mland
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as a control group, calcium hydroxide is mixed with sterile
distilled water with 1: 1 ratio, namely mixing 10 grams of
calcium hydroxide powder with 10 ml of sterile distilled
water.

Calcium hydroxide is added with red pine (pine
densilora) 0.78% according to the ratio of each group,
then stirred for 10 minutes until homogeneous and the
consistency becomes a paste emulsion with units of grams
/ ml. Viscosity testing uses the Brookfield viscometer, by
setting up and turning on the Brookfield viscometer so that
the viscometer is ready for use, then selecting spindle the
appropriate, then installing the spindle on the viscometer
and changing thenumber spindle listed on the viscometer
according to thenumber spindle selected, then entering the
sample or paste to be tested into the measuring cup and put it
into the Brookfield viscometer so that the spindle touches the
paste in the measuring cup, followed by pressing the motor
button so that the spindle can rotate 100 RPM (revolutions
per minute) and ensure that the percentage value on the
viscometer is in the range : 10-100%. If <10% increase the
spinning speed and use a larger spindle. If> 100% reduces
the spinning speed and uses a smaller spindle and the latter
reads and records the results shown by the tool.

RESULTS

Table 1 shows that the highest viscosity value belonged
to group I with a value of 25.7350 Pa, higher than group
IT with a value of 25.3125 Pa. Meanwhile, the lowest
viscosity belongs to group III with a value of 24.1125 Pa.
The results of the Kolmogorov-Smirnov test that the data
in each study group has a significance value greater than
0.05. This shows that the data in each group are normally
distributed. The results of the Levene test which aims to
determine the homogeneity of the data and it can be seen that
the significance value is greater than 0.05 (p> 0.05) which
is equal to 0.354 which indicates that the data variation is
homogeneous. The results of the One Way Anova test, F
counts 132.819 with sig. 0,000. Thus, it can be concluded
that HO is rejected, or that there is a significant difference
between the treatment groups. The results of the multiple
comparisons difference test using Tukey HSD with the
results of a significant difference between one study group
and another. This means that the combination of calcium
hydroxide and red pine with aratio of 1: 1, 1: 1.5, and 1: 2
has a significant difference in viscosity.

Table 1. Mean value of viscosity combination of calcium

hydroxide - red pine.

DISCUSSION

The results showed that the highest viscosity was in group
I at 25.7350 Pa.s followed by group II at 25.3125 Pa.s and
the lowest in group III at 24.1125 Pa.s. The ISO and ADA
specifications do not list viscosity measurements for root
canal sealers. The viscosity of the combination of calcium
hydroxide and red pine decreased inversely with the
increasing ratio ofextract red pine to calcium hydroxide.
This shows that the addition ofextractedible pine (Pinus
densilora) has an effect on decreasing viscosity.

The results showed that the combination of calcium
hydroxide and red pine (Pinus densilora) with aratio of 1: 1,
1: 1.5 and 1: 2 had a significant difference in viscosity. The
increase in the ratio ofextract red pine to calcium hydroxide
caused the viscosity to decrease significantly according
to the results of the study. This is because by increasing
theextract red pine in the combination of calcium hydroxide
and red pine , the structure of the combination will have an
effect and result in decreased viscosity. There are several
things that can affect the viscosity of the combination of
calcium hydroxide with red pine (Pinus densilora).

The viscosity of a liquid can be influenced by
several factors including the bonds between molecules,
intermolecular forces, molecular size and weight, pressure,
temperature, the concentration of a material, and the addition
of other substances''"'* Interactions between molecules can
affect viscosity, the greater the interaction between molecules
a liquid then the liquid has a high viscosity or viscosity
because of the high attraction between the molecules in the
liquid." The interaction between molecules can be obtained
from chemical bonds and forces between molecules which
are divided into three, namely the disperse force, the
dipole-dipole force and the hydrogen bonds present in a
compound.”® The interactions between molecules can be
determined from the strength of the chemical bonds and
the forces between the molecules in the combined sealer
of calcium hydroxide and red pine. This inter-molecular
interaction is based on the presence of cohesive force or
attraction between the same or different molecules in a
compound, the stronger the interactions between molecules,
the more viscosity will be increased.®

In the combination sealer of calcium hydroxide and red
pine, there are hydrogen bonds that come from the reaction
betweenaromatic compounds, red pine namely flavonoids
and phenolic acids with water. These aromatic compounds
are included in the polyphenol group which are hydrophilic
compounds, namely compounds that are very easy to bond
with water because they contain OH bonds or hydroxyl
groups which will then react with water to form hydrogen
bonds. Hydrogen bonds are formed between the hydrogen

Ex. Combination Mean (Pa) atom (H) and the highly electronegative elements, namely,

I Ca (OH),: Red Pine (1 : 1) 257350 nitrogen (N), oxygen (O) and ﬂuqrine (F). Hydrogen bonds
are weak when compared to ionic and covalent bonds.?¢?’

Il Ca(OH),: Red Pine (1 : 1.5) 253125 The more hydrogen bonds there will be an impact on the
Il Ca(OH),: Red Pine (1 : 2) 241125 weaker interactions between molecules so that the viscosity
decreases. This is consistent with research, the moreextract

IV Ca(OH),:Sterile Aquades (1 : 1) 22.1250 is added red pine, the more aromatic compounds that react
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with water form hydrogen bonds. The more hydrogen
bonds that are formed, the weaker the interactions between
molecules will be, so that each addition of theextract red
pine viscosity decreases significantly.

The combination sealer of calcium hydroxide and red
pine also produces an intermolecular force, namely the
dipole-dipole force which is the van der waals force. The
van der waals force is a force and a bond between molecules
which is weak.”®? The van der waals force on this sealer
is formed from polar molecules that are bonding to each
other. The hydroxyl ion in calcium hydrocyclone is a polar
compound and the aromatic red pine compound is also a
polar compound because it comes from the polyphenol
group which also contains hydroxyl ions. Hydroxyl ion
is hydrophilic, that is, it dissolves easily in water so the
compound is polar. Polar molecules that interact with
each other will produce van der waals forces which are
weak bonds compared to ionic, covalent or hydrogen
bonds.?® The presence of a large number of hydrogen bonds
accompanied by a weak van der waals force will weaken
the interaction between calcium hydroxide molecules
andaromatic compounds red pine. Weak intermolecular
bonds will decrease viscosity, because weak intermolecular
attractive forces affect the familiarity of a liquid.'? This is
in accordance with the research, the moreextract is added
red pine, the more aromatic compound hydroxyl ions will
interact with calcium hydroxide hydroxyl ions to form a
lot of van der waals forces with weak properties. The more
van der waals forces with weak properties are formed,
the weaker the interaction between molecules will be, so
that each addition ofextract red pine viscosity decreases
significantly.

In the combination sealer of calcium hydroxide and red
pine, there will be an acid-base reaction between calcium
hydroxide andaromatic compounds red pine. This acid-base
reaction will affect the viscosity. The acid-base reaction is
one of the neutralization chemical reactions which in the
process will produce a product in the form of water. Calcium
hydroxide is a strong base compound that reacts easily with
acids, whileextract red pine contains aromatic compounds,
one of which is phenolic acid, which is a weak acid derived
from polyphenols.?>*%32 The reaction between phenolic acid
and calcium hydroxide will produce a phenolic calcium salt
and a byproduct, namely water.?! The water product from
this reaction will decrease the viscosity due to the decreasing
degree of viscosity. This is in accordance with research,
the moreextract is added red pine, the more phenolic acids
will react with calcium hydroxide to form an acid-base
reaction. If the water production in the combination of
calcium hydroxide andextract red pine increases because
of the increased acid-base reaction, it will decrease the
viscosity of a liquid, so that each addition ofextract the red
pine viscosity decreases significantly.

The size and size of the particles can affect the viscosity
of the sealer combined with calcium hydroxide and red
pine. Calcium hydroxide has a heavy molecular weight of
74.08 g/ mol, when the ratio of calcium hydroxide powder
decreases, the size and particle weight of the combined

sealer of calcium hydroxide and red pine also decreases.
Decreasing the size and molecular weight will decrease the
viscosity of a material.'? Extract Red pine contains water,
when the ratio of liquid red pine increases, the water content
in the sealer combination of calcium hydroxide and red pine
also increases. If the water production on a combination
of calcium hydroxide and red pine to grow it will reduce
the viscosity of a fluid.** This is in accordance with the
research, the more the addition ofextract red pine, the lower
the ratio of calcium hydroxide so that the size and weight
of the calcium hydroxide andsealer particles red pine also
decreased. The more theextract ratio, the red pine more
water there is, so that each addition ofextract red pine
viscosity decreases significantly.

Pressure is directly related to viscosity, pressure on a
liquid will have an effect on increasing cohesion force, so
that the higher the pressure the higher the viscosity, but in
this study the sealer combination of calcium hydroxide and
red pine is not given pressure so in this study the pressure
cannot affect the decrease. significant viscosity."

The relationship between temperature and viscosity is
inversely related, heating of a liquid causes the existing
molecules to gain energy to move so that the interaction
force between molecules weakens, thus the viscosity of a
liquid will decrease with an increase in temperature.'> The
temperature used in this study was 37° Celsius which is
room temperature, but treat the temperature of each group
the same because temperature is a control variable, so in
this study the temperature could not affect the significant
decrease in viscosity.

Viscosity is directly proportional to the concentration of
a liquid, if a liquid has a high solution concentration, then
the viscosity of the liquid will be high.'* The concentration
ofextract red pine used in this study was a concentration of
0.78% which is the minimum killing concentration (KBM),
in this study the concentration used in each treatment group
was the same, so in this study the liquid concentration also
could not affect the decrease in viscosity. significant.

In this study, another substance was added, namely
glycerin. Glycerin can increase viscosity.""'* In this study,
glycerin helps in dilutingextract red pine. Red pine is a
substance that is obtained from the extraction ofleaves
pine densilora in the form of essential oil capsules with
100% levels. The dilution of red pine was carried out with
sterile distilled water and a little glycerin until it reached
a concentration of 0.78%, which is the minimum killing
concentration (KBM). Glycerin functions for the emulsion
process, namely the union between sterile distilled water
andoil red pine so that the mixing is homogeneous.?” In this
study, the use of glycerin was the same for each treatment
group, so in this study the addition of glycerin also did not
affect a significant decrease in viscosity.

The viscosity obtained by positive control was lower
than that of the combination group of calcium hydroxide
and red pine. This could be due to the fact that the positive
control carried out a combination of calcium hydroxide and
sterile distilled water without the addition ofextract red pine.
The addition ofextract red pine can increase viscosity when
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compared to without the addition ofextract red pine.extract
Red pinered pine contains 0.78%essential oil. Oil or oil has
a higher viscosity than water, because oil has a molecular
weight greater than the molecular weight of water 2383,
The lower the molecular weight of a compound the lower
its viscosity. So that the combination sealer of calcium
hydroxide and distilled water is sterile or positive control
has a lower viscosity than the combination sealer of calcium
hydroxide and red pine.

Extract Red pine contains gallic acid or gallic acid which
is a compound group of phenolic acids. Gallic acid which
is owned by red pine contains pyrogallol groups which can
bind to the dentine surface of root canals.**? The bond that
occurs between gallic acid red pine and dentin makes the
combined sealer of calcium hydroxide and red pine have
an adhesion force to dentin. In this case the adhesion force
will allow the sealer to prevent leakage at the marginal
edge.®* The adhesion force also affects the ability of the
sealer to flow to the dentin to be higher because of the
attractive force between the particles of a liquid and the
particles on the dentin.

The sealer combination of calcium hydroxide and
red pine can also inhibit bacterial growth and stimulate
the formation of new tissue. This is obtained because
calcium hydroxide has a mechanism of action to release
calcium ions (Ca2 +) and hydroxyl ions (OH).’ Calcium
hydroxide must be combined with liquid because calcium
hydroxide powder is difficult to enter into the root canal
and fluid is also needed to release the hydroxyl ion, in this
case the liquid used isextract red pine (Pinus densilora).
The release of calcium ions (Ca2 +) can play a role in
the process of tissue mineralization, while the release of
hydroxyl ions (OH-) can increase the pH of the calcium
hydroxide sealer. The increase in pH can form an alkaline
environment causing damage to the cytoplasmic membrane
of the bacteria resulting in a protein denaturation process
which will inhibit the DNA replica of bacteria and cause
inhibition of bacterial growth. In addition, the anti-bacterial
effect is also obtained fromessential oil red pine which
contains several antibacterial ingredients including phenolic
acid, flavonoids, gallic acid, terpenoids, tannins, alkaloids,
a-pinene, B-pinene, and limonene.?>*°

Therefore, the combination sealer of calcium hydroxide
and red pine can be used as a candidate as a root canal sealer
in endodontic treatment because the research results show
that the sealer has a low viscosity and has a watery texture,
so that the sealer has high flowability and the sealer is easy
to penetrate the duct system. narrow and complex roots.
High flowability is required by the sealer because the sealer
can completely cover the root canal so that the purpose of
obturation is fulfilled. Adhesion force of the sealer to the
dentin is also needed to prevent leakage at the marginal
edges because the sealer can cover the whole narrow and
complex root canal. In addition to the ability to flow and the
existing adhesion force, the mechanism of action of these
sealers can also inhibit bacterial growth and stimulate the
formation of new tissue.

ACKNOWLEDGEMENT

We gratefully thank to Department of Conservative, Faculty
of Dental Medicine, Airlangga University for providing
support towards this research.

REFERENCES

1. Orstavik D, Galler KM. Essential Endodontology: Prevention
and Treatment of Apical Periodontitis 3rd Edition. 2020.
313-344 p.

2. RuddleCJ. Endodontic triad for success: The role of minimally

invasive technology. Dent Today. 2015;34(5):1-7.

Gopikrishna V, Chandra BS. Grossman’s Editors. 2013;576.

4. Kurien J, Manappallil J. Basic Dental Materials. Basic Dental
Materials. Jaypee Brothers Medical Publishers; 2016.

5. Ba-Hattab R, Al-Jamie M, Aldreib H, Alessa L, Alonazi M.
Calcium Hydroxide in Endodontics: An Overview. Open J
Stomatol. 2016;06(12):274-89.

6. Dash AK, Dash A, Thakur JS, Farista S, Asrani H, Rathi
S. Comparative evaluation of flow rate of four different
endodontic sealers : An in vitro study. 2020;96-9.

7. Sakaguchi RL, Powers JM. Craig’s Restorative dental
materials 13 th Edition. Vol. 71, American Journal of
Orthodontics. 2012. 384 p.

8. Minh NN, Obara H. Porcine bile viscosity is proportional to
density. Biorheology. 2020;57(1):27-36.

9. Ariani NGA, Hadriyanto W. Perawatan Ulang Saluran Akar
Insisivus Lateralis Kiri Maksila dengan Medikamen Kalsium
Hidroksida-Chlorhexidine. Maj Kedokt Gigi Indones.
2013;20(1):52.

10. Chang SW, Lee YK, Zhu Q, Shon WJ, Lee WC, Kum KY,
et al. Comparison of the rheological properties of four root
canal sealers. Int J Oral Sci. 2015;7(1):56-61.

11. Jessica. Optimasi Formula Gel Hand Sanitizer Minyak Atsiri
Jeruk Bergamot Dengan Kombinasi CMC Na Dan Gliserin.
Skripsi. 2012;

12. Juhantoro N, Ariana IM, Sanuri S. Penentuan Properties
Bahan Bakar Batubara Cair untuk Bahan Bakar Marine
Diesel Engine. J Tek ITS. 2012;1(1):271-5.

13. Prisma A. Pengaruh Konsentrasi Dan Viskositas Larutan
Polistiren Terhadap Morfologi Permukaan Dan Ketebalan
Lapisan ZnPc Pada Permukaan QCM. Nat B. 2012;4-7.

14. Ulfah NR. Pengaruh Karbopol Dan Gliserin Pada Sediaan
Gel Minyak Atsiri Daun Jeruk Purut (Citrus Hystrix D.C)
Terhadap Sifat Fisik Dan Aktivitasnya Pada Staphylococcus
aureus. Skripsi. 2018;

15. Baranwal R, Singh B, Dubey A, Avinash A. Review article
Calcium Hydroxide in Dentistry. J App. 2016;2(3):3-7.

16. Mehrabkhani M, Mazhari F, Sadeghi S, Ebrahimi M. Effects
of sealant, viscosity, and bonding agents on microleakage
of fissure sealants: An in vitro study. Eur J Dent. 2015;9(4):
558-63.

17. Kwak CS, Moon SC, Lee MS. Antioxidant, Antimutagenic,
and Antitumor Effects of Pine Needles (Pinus densiflora).
Nutr Cancer. 2006;56(2):162-71.

18. Yu EJ, Kim TH, Kim KH, Lee HJ. Aroma-active compounds
of Pinus densiflora (red pine) needles. Flavour Fragr J.
2004;19(6):532-7.

19. Jung MJ, Jung HA, Kang SS, Hwang GS, Choi JS. A new
abietic acid-type diterpene glucoside from the needles of

bl

1JDM (eISSN: 2722-1253) is open access under CC-BY license. Available at: https://e-journal.unair.ac.id/ITDM/index 30

DOI: https://doi.org/10.20473/ijdm.v4i1.2021.26-31



Indonesian Journal of Dental Medicine Volume 4 Issue 1 2021; 26-31

20.

Pinus densiflora. Arch Pharm Res. 2009;32(12):1699-704.
Romas A. Uji Aktivitas Antibakteri Ekstrak Etanol Kulit
Buah Manggis (Garcinia mangostana 1) Terhadap Bakteri
Escherichia coli ATCC 11229 Dan Staphylococcus aureus
ATCC 6538 Secara In Vitro. Univ Res Colloq 2015.
2015;ISSN 2407-:127-32.

34

35.

water on the viscosities of hydrophobic room-temperature
ionic liquids. Chem Commun. 2005;(12):1610-2.
. Cheng L, Ouyang Q, Wang HJ. Effect of water on the viscosity
properties of polyacrylonitrile solution in dimethylsulfoxide.
J Macromol Sci Part B Phys. 2009;48(3):617-25.
Hawley M, Webb TD, Goodell GG. Effect of varying water-

21. Zhou S, Brown RC, Bai X. The use of calcium hydroxide to-powder ratios on the setting expansion of white and gray
pretreatment to overcome agglomeration of technical lignin mineral trioxide aggregate. J Endod. 2010;36(8):1377-9.
during fast pyrolysis. Green Chem. 2015;17(10):4748-59. 36. Villanueva M, Fernandez-Leira C. Water Absorption

22. Patra JK, Kim SH, Hwang H, Choi JW, Back KH. Volatile and Effect of Water Content on Viscosity and Electrical
compounds and antioxidant capacity of the bio-oil obtained Conductivity of Two Diethylmethylammonium Ionic
by pyrolysis of Japanese red pine (Pinus densiflora Siebold Liquids. Proceedings. 2018;9(1):58.
and Zucc.). Molecules. 2015;20(3):3986—4006. 37. Christian E. Optimasi Formula Sediaan Gel Hand Sanitizer

23. Guspiari K. Daya Antibakteri Ekstrak Daun Red Pine (Pinus Minyak Atsiri Jeruk Bergamot Dengan Humektan Gliserin
densiflora) dan Green Pine (Pinus merkusii) Terhadap Bakteri dan Gelling Agent Carbopol Skripsi. Skripsi. 2016;
Streptococcus mutans. Skripsi. 2019;125. 38. Widyaningsih S, Purwati. Pemanfaatan Membran Nata

24. Pangestika FW. Daya Antibakteri Ekstrak Daun Red Pine De Coco Sebagai Media Filtrasi Untuk Rekoveri Minyak
(Pinus densiflora) dan Green Pine (Pinus merkusii) Terhadap Jelantah. J Chem Inf Model. 2013;8(1):20-30.

Bakteri Enterococcus faecalis. Skripsi. 2019;125. 39. Arijanto, Yohana E, Sinaga FTH, Jurusan D, Mesin T,

25. Rusyadi HFM. Perbedaan Aktivitas Antioksidan Ekstrak Teknik F, et al. Analisis Pengaruh Kekentalan Fluida Air Dan
Red Pine (Pinus densiflora) Dan Green Pine (Pinus merkusii) Minyak Kelapa Pada Performansi Pompa Sentrifugal. J Tek
Sebagai Kandidat Bahan Irigasi Saluran Akar Abstrak. Mesin. 2015;3(2):212-9.

Skripsi. 2019;2—4. 40. Prajatelistia E, Ju SW, Sanandiya ND, Jun SH, Ahn JS, Hwang

26. Brown TL, LeMay HEJ, Bursten BE, Murphy CJ, Woorward DS. Tunicate-Inspired Gallic Acid/Metal lon Complex for
PM, Stoltzfus MW. Chemistry The Central Science 13th Instant and Efficient Treatment of Dentin Hypersensitivity.
Edition. 2015. Adv Healthc Mater. 2016;5(8):919-27.

27. Zheng YZ, Zhou Y, Liang Q, Chen DF, Guo R. A theoretical 41. Oh S, Gu Y, Perinpanayagam H, Yoo YJ, Lee Y, Kim RK,
study on the hydrogen-bonding interactions between et al. Dentinal tubule sealing effects of 532-nm diode-
flavonoids and ethanol/water. ] Mol Model. 2016;22(4). pumped solid-state laser, gallic acid/Fe3+ complex, and

28. Nursetiana ID, Kasmui, Prasetya AT. Pengaruh Enkapsulasi three commercial dentin desensitizers. Lasers Med Sci.
Logam terhadap Nilai Celah Pita Boron Nitride Nanotubes. 2018;33(6):1237-44.

Indones J Chem Sci. 2013;2(1). 42. Kharouf N, Haikel Y, Ball V. Polyphenols in dental

29. Singh AK. Structure, Synthesis, and Application applications. Bioengineering. 2020;7(3):1-27.
of Nanoparticles. Engineered Nanoparticles. 2016. 19-76 p. 43. Rahimi M, Jainaen A, Parashos P, Messer HH. Bonding

30. Kim H, Lee B, Yun KW. Comparison of chemical composition of Resin-based Sealers to Root Dentin. J Endod.
and antimicrobial activity of essential oils from three Pinus 2009;35(1):121-4.
species. Ind Crops Prod . 2013;44:323-9. 44. Ariani TN, Zubaidah N, Mudjiono M. The Effectiveness of

31. Kiswandono AA, Kimia DJ, Lampung U, Lampung B. Metode 2.5% NaOCl Irrigation and 17% EDTA against the Sealing
membran cair untuk pemisahan fenol. 2016;1(01):78-91. Ability of Resin Paste. Conserv Dent J. 2020;9(2):105

32. Putri Kusuma AR. Pengaruh Lama Aplikasi Dan Jenis Bahan 45. Smith, B.T. Physical Pharmacy. Remington Education
Pencampur Serbuk Kalsium Hidroksida Terhadap Kekerasan Physical Pharmacy provides a simple, concise view of
Mikro Dentin Saluran Akar. Odonto Dent J. 2016;3(1):48. the consepts and applications of physical pharmacy.

33. Widegren JA, Laesecke A, Magee JW. The effect of dissolved Pharmaceutical Press 2016, p:31-35

1JDM (eISSN: 2722-1253) is open access under CC-BY license. Available at: https://e-journal.unair.ac.id/[JDM/index 31

DOI: https://doi.org/10.20473/ijdm.v4i1.2021.26-31



