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ABSTRACT

Purpose: To evaluate the impact of 10% Boswellia sacra water extract (B. sacra)
as a final irrigant on smear layer removal consequent to primary irrigation with 2.6%
sodium hypochlorite (NaOCl). Material and Methods: Thirty-six palatal &distal roots
from extracted maxillary & mandibular molars have being instrumented and categorized
into 3 experimental groups depending on the final irrigant used: (12 samples each),
Group [: irrigated with 10% B. sacra extract. Group II: irrigated with 17% EDTA.
Group III: control group irrigated with sterile saline. Irrigation was performed with S5ml
of test substances for 1 minute. Scanning electron microscopic analysis was performed
to assess smear layer removal on the coronal, middle, and apical portion for each root
canal. Results: no statistically significant difference between using 10% B. sacra
extract & 17% EDTA for smear layer removal at the entire root canal levels (P=0.000).
However, there was statistically significant difference between tested irrigant (10% B.
sacra extract & 17% EDTA) compared to control group. Comparison of the capability
to remove smear layer among different root canal levels for each group showed a
significant difference in smear layer removal on coronal and apical part for all assessed
groups. Conclusion: The current in-vitro study demonstrated that 10% B. sacra water
extract have a chelating potential similar to that of EDTA 17%. Boswellia sacra as
natural product is a promising chelating agent.

INTRODUCTION

Success of endodontic treatment depends on thorough debridement
of root canal system. All current instrumentation techniques produce
dentin chips by action of endodontic instrument which added to
remnants of organic material creating a smear layer on the walls of
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root canal (. Although there is debate concerning
whether to retain or remove the smear layer, recent
meta-analysis and systematic reviews of in vitro
studies reported that smear layer removal opens
the dentinal tubules, facilitates irrigants penetration
into the tubules, and improves the adaptation of
obturation materials to root canal walls that provide
fluid-tight seal of the obturated root canal system?.

Irrigation can improve the smear layer removal
in combination with mechanical root canal instru-
mentation®. Agents used for smear layer removal
should eradicate both inorganic and organic materi-
als from all surfaces of root canal without damaging
erosive effects on dentin . The most popular irri-
gating solution is sodium hypochlorite (NaOCl), it
had been used as the main irrigant as early as 1920.
Aqueous NaOCl has antibacterial and tissue disso-
lution capacity, but it has weaknesses as it dissolves
only organic material without dissolving inorganic
dentin particles, thus it cannot remove the smear

layer ®10),

Demineralizing agents used for removal of the
inorganic part of the smear layer such as ethylene-
diaminetetraacetic acid (EDTA) was recommended
to be used as adjuvant in root canal therapy alter-
natingly with NaOCI solutions to remove the smear
layer"®. However, there is worry that this combined
irrigation procedure causes negative erosion of the
dentin wall ™. It was reported that irrigation using
10mLof 17% EDTA for just 1 minute was effective
in removing smear layer, however a 10-minute ap-
plication can cause excessive peritubular and inter-
tubular dentinal erosion V. Moreover, the chelating
effect of EDTA was nearly negligible in the apical
third of the root canals . EDTA has no or little
antibacterial effect since it is neither bactericidal
nor bacteriostatic and kills bacteria by starvation
through chelating metallic ions important for bacte-
rial growth 1319,

Therefore, there is need to identify an effective
agent for smear layer removal without harmful
effect, thus natural irrigants have been introduced to
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minimize the harmful effect of EDTA on dentin and
periapical tissues.

Boswellia sacra Flueck (Burseraceae) oleo gum
resin commonly known as frankincense is one of
the most commonly used household medicine and
marketed throughout the world “*. In Arabic, it is
known as “Luban” and masticated for its quintes-
sence in Arab-African and Middle East countries
19 The color of dried oleo gum resin has creamy
to light brown color, with a special characteristic
odor!"”. Frankincense resin is traditionally used in
different Asian countries to cure urinary and bron-
chial infections'”. Also, B. sacra gum resin is rec-
ognized to help in curing of wounds, sores, ulcers,
carbuncles, and hemorrhoids. The essential oils of
the frankincense are believed to possess antiseptic,
carminative, astringent, diuretic, digestive, uterine,
vulnerary, and sedative therapeutic properties ®.
The frankincense water extract also used by tradi-
tion to relieve cough, throat, mouth, gum, menstrual
pain and the treatment of liver and stomach prob-
lems in Arab-African and Middle Eastern nations"®.

Although this gum resin is generally used as
house-hold medicine, there is no scientific report
mentioned its dental benefits. This study was under-
taken to determine effect of water extract of 10 % B.
sacra on smear layer removal from coronal, middle,
and apical parts of root canal system using scanning
electron microscope. Null hypothesis of this study
that there is no difference between B. sacra water
extract & 17% EDTA in capability to remove smear
layer in all root canal levels.

MATERIAL AND METHODS

Teeth selection:

Thirty-six extracted mandibular and maxillary
human molars were picked from a random collection
and assessed for absence of cracks, root caries, or
previous root canal treatment. Ethical approval in
the use of extracted human teeth was acquired in
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accordance with guidelines from Research ethics
committee (REC) of Faculty of Dental Medicine,
Al-Azhar University. Soft debris was removed using
hand curettes. Molars Crown was removed using a
carborundum disc at the cementoenamel junction
under water cooling. Distal roots of mandibular
molars and palatal roots of the maxillary molars
were trimmed coronally using diamond disc to
uniform length of 16 mm and stored in saline to
prevent dehydration until use.

Preparation of B. sacra extract:

Boswellia sacra 10% water extract was prepared
by dissolving 1000mg B. sacra oleo gum resin
powder in 100ml distilled water at 50°C using
a magnetic stirrer plate in closed jar for 2 hours
until homogenous. The solution was filtered using
cellulose filter paper thus clear purified solution of
10 mg/ml concentration was obtained. The acidity
value of the solution was measured using pH meter
(4.4) and then the prepared solution was kept in a
closed container.

Specimens’ preparation:

k-file # 10 was used to determine the working
length which adjusted to be Imm shorter from the
apex. Root canals preparation was performed us-
ing Universal Protaper rotary files following manu-
facturer’s recommendation. After each change of
instrument, canals were irrigated with 2 ml of 2.6
NaOCl using 27-gauge side vented needles. Final-
ly, root canals were rinsed with distilled water and
dried using paper points.

Thirty-six specimens were distributed into 3
groups according to the final irrigant used: (12 roots
each), Group I: irrigated with 10% B. sacra water
extract. Group II: irrigated with 17% EDTA. Group
III (control group): irrigated with sterile saline. The
final irrigation protocol was standardized for all
specimens by using 5 ml of irrigant for 1 minute,
then 10 ml of distilled water to eliminate the residue.

(57)

Scanning electron microscopic (SEM) evaluation:

The specimens were split vertically into two
halves, guided grooves were made longitudinally
along mesial and distal surface of each specimen
using diamond disc. Finally, the root was split into
parts with chisel and mallet to reveal the root canal
wall. Hemisected specimens were mounted on me-
tallic stump using conductive glue and examined at
coronal, middle, and apical root levels using SEM.
Two digital photomicrograph at magnification X
2000 & X1000 were taken at the center of each
third.

The scoring procedure was performed blindly
by two endodontists who were not identical with
the operator who had prepared the canals and had
no knowledge of the study. Allocating scores to the
degree of smear layer removal may be biased by lack
of objectivity. In order to reduce this, we acquired
two images at di-erent magnifications to permit a
more wide-ranging analysis of each specimen in
each portion of its root canal system. Smear layer
evaluation was done by using a five-point scoring
system with Hulsmann score .*® Scorel:no smear
layer and dentinal tubules widely opened. Score?2:
a little quantity of smear layer and some dentinal
tubules open. Score3: homogeneous smear layer
coating the root canal while just a few dentinal
tubules open. Score4: entire root canal coated by
a homogenous smear layer and no open dentinal
tubules. Score5: intense, non-homogeneous smear
layer coating the root canal surface completely.

Statistical analysis:

Data have been collected and statistically evalu-
ated, for multiple independent parametric variables
Kruskal Wallis test was used to determine the signif-
icance in the difference between multiple indepen-
dent parametric variables. While Post-hoc-Tukey
test used when Kruskal Wallis test was significant to
show between which groups the significant differ-
ence present. The significance level was determined
at p-value <0.05.
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RESULTS

Median, minimum, and maximum of all tested
groups were represented in table (1). Comparison of
smear layer scores between tested irrigants at all root
levels using Kruskal Wallis test showed that there
was a significant difference between the groups at
all root canal level (p=0.001). Post hoc test revealed
that, there was a statistically significant difference
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between tested irrigant (10% B .sacra extract & 17%
EDTA) compared to the control group. However,
there was no significant difference in score for
smear layer removal produced by 10% B.sacra
extract& 17% EDTA. So, specimens irrigated with
10% B.sacra extract& 17%EDTA showed more
efficacy in the removal of the smear layer than the
saline (control) group.

Table (1): Descriptive analysis of smear layer score at coronal, middle & apical root levels of all the

studied groups.
Group I Group II Group I
Root B.Sacra 10% EDTA17% .
level Saline p-value
Min Max Median Min Max Median Min Max Median
Coronal 1.00 3.00 2.00? 1.00 3.00 2.00? 3.00 5.00 4.00° 0.001*
Middle 1.00 4.00 3.00? 2.00 3.00 3.00? 3.00 5.00 4.50° 0.001*
Apical 2.00 5.00 3.50° 3.00 4.00 3.00? 4.00 5.00 5.00° 0.001*
Total 1.00 5.00 3.00? 1.00 4.00 3.00? 3.00 5.00 5.00° 0.001*
* Significant at P <0.05.
Another comparison of smear layer score among ediansinmar lapavacores ol illiereit
each root level for different groups showed a studied groups at the coronal, middle,apical
.. . . root levels
significant difference in smear layer removal at |,
coronal and apical root canal for all examined groups
N o
as shown in Fig (1) & (2).For groups (I, lI& III) s
P-value were (0.005, 0.001&0.025) respectively. e
However, at the middle level of root canal, there W Apical
was no significant difference when compared with ® Total
) Groupl Group Il Group Il
apical and coronal parts regardless of the type of (10%B.scara) (17%EDTA) (saline)

tested irrigant.

Figure(1) : A bar chart comparing the mean scores of smear
layer among 10% B. sacra, EDTA17%, and saline
groups at the coronal, middle & apical levels.
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Coronal

17% EDTA 10% B.sacra

Saline

Middle

Apical

Figure (2): Representative SEM of all groups & all canal thirds A,B&C:10%B .sacra extract at the coronal, middle& apical third.
D.E&F:EDTA17% at the coronal, middle& apical thirds. G,H&I: Saline (control) at coronal, middle& apical third (SEM;

original magnificationx2000)

DISCUSSION

Irrigation has an important role in root canal
therapy during and after preparation, the irrigants
accelerate removal tissue remnants, microbes, and
dentin chips from the root canal system. Smear layer
created during mechanical preparation of root canals
that covers the dentinal walls, it contains organic
and inorganic material ), bacteria, and bacterial
byproducts and protects the bacteria in the dentinal
tubules ?V. Moreover, it prevents the penetration of
intracanal disinfectants ?» and root canal sealers
into dentinal tubules . It was reported that lack
of adherence between the filling material and the
smear layer covering root canal walls that can
affect the apical seal which subsequently resulted
in apical leakage, which favoring bacterial survival

and multiplication that were not removed during the
chemomechanical preparation ¢4,

The most prevalent protocol used for smear
layer removal is the alternate use of NaOCl and
EDTA but causes a reduction in strength of dentin®.
Because of its harmful effect, the quest for more
dentin friendly and biocompatible irrigants that
can overcome the restrictions of those chemical
antimicrobial irrigants is still on the increase. So,
this study aimed to assess the impact of Boswellia

sacra water extract on the removal of smear layer.

As mentioned previously, B.sacra is resin gum,
which is known as incense or frankincense, is
mostly used as house-hold medicine in different
parts of the world. The dry oleo gum resin has a
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creamy to whitish brown color with a distinguishing
odor"”. It is habitually used in several Asian nations
to cure urinary and bronchial diseases. In China, the
gum resin used to mitigate gum, mouth, and throat
complaints, and in India also used as a regenerating
medicine 19,

Endodontic irrigants should have essential prop-
erties like biocompatibility, bactericidal action,
anti-inflammatory, and capability to remove smear
layer from the root canal walls . B. sacra are bio-
compatible and have anti-inflammatory properties
science it traditionally used to help in the recov-
ery of ulcers, abrasions, carbuncles, sores, hemor-
rhoids, and inflammation. It was also reported that
B. sacra oleo resin gum water extract improved the
healing of acetic acid-induced chronic gastric ulcers
in rats 1719,

The anti-bacterial action is a principal require-
ment for efficient intracanal irrigants. The essential
oils of B. sacra oleo gum resin are believed to pos-
sess therapeutic and antiseptic properties ®. Gas
chromatography-mass spectroscopy (GC-MS) labo-
ratory analysis of the B. sacra water extract showed
presence of different chemical elements. Some of
the major ingredients of all the compounds identi-
fied and the most redundant were 3-cyclohexen-
1-ol (21.33%), octanoic acid (18.91%), menthol
(10.81%), thymol (6.14%), and carvacrol'”. Men-
thol is commonly used in dental care products as a
topical antibacterial agent and was reported to be
effective against various types of streptococci and
lactobacilli®®.Cyclohexen-1-olwhich is deriva-
tive of limonene reported to be effective antimi-
crobial agent @”. Thymol is phenol derivative has
strong antiseptic properties and demonstrates in-
vitro antibacterial effect against the tested strains
of P. aeruginosa, E. coli ,B. cereus, and Staphylo-
coccus aureus®. Octanoic acid (Caprylic Acid) is
a type of beneficial saturated medium- chain fatty
acid with anti-inflammatory, antibacterial, antifun-
gal and antiviral properties *- 3. Carvacrol was
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reported to has antimicrobial activity against dif-
ferent 25 periodontopathic bacteria and strains, and
fungi such as R. solani, F. moniliforme, P. capsici
and S.clerotirum®".Thus B. sacra gum oleo resin
was selected to be tested as endodontic irrigant for
smear layer removal.

Traditionally the commonest method for the
preparation of dried out B. sacra oleo gum resin
water extract requires covering the resin in a wire
mesh or a muslin cloth and submerging it in boiled
water for 15-30 min. Another procedure used is to
soak frankincense powder overnight in water and
after purification used for oral administration 7239,
In this study, 10% water extract was obtained by
dissolving 1000mg powder in 100ml distilled water
in a closed jar at 50°C using a magnetic stirrer plate
for 2 hours until become a homogenous solution @4,
It then filtered using cellulose filter paper to obtain
a purified 10 mg/ml clear solution. This method
was used to obtain accurate concentration, fresh
solutions to preserve the essential oils. Essential
oils are known as volatile oils, easily evaporated at
normal temperatures®.

This current study aimed to compare the impact
of both 10% B sacra water extract and EDTA 17%
as final irrigant on removal of smear layer. The
irrigation protocol used for the tested solutions was
using 5ml for 1 minuteV. Studies had reported that
using EDTA irrigant for more than a minute resulted
in erosion of dentinal tubules, which consequently
reduced dentin microhardness®® 37,

The results of this study revealed that 10% B.
sacra water extract provides results which were
comparable to that reported by EDTA 17% solution
particularly in both coronal and middle thirds of
root canal, but EDTA (Group II) results in apical
third were better than B. sacra water extract group
(Group 1) but difference was not significant.

Regarding the results reported in Group, I using
gum extract, the ability B. sacra water extract to
remove the smear layer could be attributed due to
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the presence of constituents reported by GC-MS
analysis of B. sacra like Octanoic acid (Caprylic
Acid), methanol, and carvacol extract which was
reported to have a chelating effect!”. The caprylic
acid was reported to be one of component suspected
to be effective in smear layer removal using German
Chamomile (Marticaria Recutita) water extract®$3%,
Methanol which is one of major chemical ingredients
present in the water extract of Boswellia sacra was
reported to had a chelating effect “?. Also, studies
evaluated the chelating effect reported that carvacrol
indicating the occurrence of a chelating effect “".

With regarding to ability of smear layer removal
at different level of the root canal, current results of
both tested solutions showed maximum smear layer
removal at both coronal and middle thirds and the
least cleaning efficacy was at apical third and the
difference was statistically significant. This result
agrees with different studies which evaluated effect
of EDTA on smear layer removal “**9, This result
may be due to stagnation plane of the residual fluid
of irrigant at apical third that attributed to irrigation
technique“?.

It was notified that dentine in the apical third
of root canal is sclerosed and thus chelating agents
may not have such a vigorous impact on this third
as compared to effect on coronal or middle thirds of
root canal dentine®”.EDTA may also showed lesser
amount of decalcification in the apical third of root
dentine due to the substance of non-collagenous
proteins decreases in this root canal area®**) The
same concept can be applied to B. sacra extract
science it contains chelating agents.

In the present study, the evaluation of smear
layer requires high magnification levels that can
be achieved only through using scanning electron
microscopy (SEM). It has proved to be a serviceable
method for the assessment of debris and smear layer,
several investigators used (SEM) in evaluating
the efficacy of various irrigation protocols in the
elimination of smear layer®-*.

(61)

CONCLUSION

The current in-vitro study demonstrated that
10% B. sacra water extract had a chelating potenti-
ality comparable to that of EDTA 17%. Boswellia
sacra as a natural product is a promising chelating
agent. Therefore, the null hypothesis of this study
was accepted.

Further studies are needed to assess B. sacra
extract regarding its biological, antimicrobial, and
chemical properties in order to confirm its benefits
as a final root canal irrigant.
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