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ABSTRACT
AIM: The aim of this study was to evaluate the contact angle of three endodontic sealers zinc oxide eugenol,AH plus [epoxy resin based] and
bioceramic [calcium silico phosphate based] sealers.
METHODOLOGY: Working length of 21 samples of human mandibular premolars were determined followed by chemomechanical preparation.
The specimens were then decoronated,split longitudinally, attened, smoothened and stored in distilled water. Half of the dentin discs were treated
with 5ml of 3%NaOCl followed by 17%EDTA and 2%chlorhexidinefor 1min each.The samples were air dried and divided into 3 groups based on
the experimental sealers used. A total of 14 samples were assigned for each group with 7 samples per subgroup. In each sample 1drop [0.1 ml] of
sealer was deposited and the contact angleat 0,5,10,15,20,25,30 seconds after the initial application of the sealers were recorded at room
temperature.
RESULT: contact angle values were low for zinc oxide eugenol followed by AH Plus and Bioceramic sealer.
CONCLUSION: The present study revealed that lower contact angle along with smear layer removal enhanced the wettability of root canal sealers.
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INTRODUCTION
In endodontic practice, the success of root canal therapy mainly
depends on the elimination of pathogenic microorganisms and their
byproducts followed by three dimensional obturation of the root canal
space.To achive this challenging task,a biologically acceptable solid or
semisolid obturating material in conjuction with root canal sealers has
been advocated in endodontic literatures.
Guttapercha is the most widely used core material for obturation till
date. Its property of inertness,plasticity and solvent solubility have
made it an ideal candidate for root canal lling. However it has a major
disadvantage of not adhering to dentinal walls of the root canal space.
This neccessiates the use of endodontic sealer mandatory[5,19]
Adhesion of root canal sealers is highly dependent on the wettablility
of dentin .Wettability is a measure of surface reactivity or adhesiveness
of substrate. It can be expressed interms of angle between the liquid
drop and the plane surface of solid on which it rests .This angle is
referred to as contact angle [4,10,12,14,22,32].Contact angle has
inverse relationship with wettability,that is,the lower the contact
angle,the greater the surface free energy and hence the greater the
adhesion[8,12,32]
There are a number of factors which inuence wettability of
endodontic sealers.They are
1. The physiochemical properties of root dentin(surface free
energy). [3,6,32]
2. The inuence of irrigant solutions(sodium hypochlorite, EDTA,c
hlorhexidineetc) that are used during the chemomechanical
preparation.[2,26,32]
3. The dentin moisture condition and dentinal tubular density.[20]
4. Presence of smear layer due to biomechanical preparation ofroot
canal.[17,29]
5. Hydrophobicity, Hydrophilicity, viscosity of sealers,lm thic
kness, obturation technique and the temperature at which the proc
edure is performed.[3]
For good adhesion of root canal sealers,wettability[surface free
energy] of dentin should be high and contact angle of sealers should be
low.
Different endodontic sealers have different contact angle .In the
present day, a plethora of sealers are made available in the market, one
may nd it difficult to choose a good sealer. [33]Every manufacturers
claim that their product is the ideal one, but till date none of the sealers
have proved to be the ideal except for a few which can come closer to
be ideal.
The aim of this present study was to compare and evaluate the contact
angle of three endodontic sealers zinc oxide eugenol,AH plus [epoxy
resin based] and bioceramic [calcium silico phosphate based] sealers
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in the presence and absence of smear layer at 0,5,10,15,20,25,30
seconds after initial application of the sealers with goniometer.
MATERIALS AND METHODS
MATERIALS USED
SEALERS:
1. ZINC OXIDE EUGNOL SEALER (grossman formula)
2. AH PLUS SEALER(DENTSPLY)
3. BIOCERAMIC SEALER(SMART PASTE BIO)
IRRIGANTS:
Distilled water,3% sodium hypochlorite(PRIME DENTAL PROD
UCTS),2% chlorhexidine(Asep-RC),17% EDTA (Den tm
ark),2%sterile paper points(Dentsply)
ARMAMENTARIUM
carborundum disk,Laboratory Lathe (sugunas enterprises),Sand
paper(3M ESPE.,1000 grit roughness),Glass slab ,Cement
spatula,Plastic spatula,kles (MANI, INC.,size 15 – 45), Finger
spreaders(MANI, INC.,size 15- 30),
SPECIAL EQUIPMENTS:
Goniometer(Easy Drop –KRUSS DSA 204)
SAMPLE SIZE
60decoronated human mandibular premolars were included in this
study 21 decoronated human mandibular premolars were
longitudinally sectioned to obtain 42 root dentin samples for contact
angle measurement.
SAMPLE SELECTION
INCLUSION CRITERIA:
Single rooted mandibular premolars with single root canal, complete
root formation and intact root surface.
EXCLUSION CRITERIA:
Teeth with root resorption , Root canal treated teeth , Teeth with root
facture
STUDY METHOD
PREPARATION AND GROUPING OF THE SAMPLE FOR
CONTACT ANGLE MEASUREMENT
From the stored collection of human mandibular premolars extracted
for orthodontic purpose,21 samples were assigned for contact angle
measurement. Working length was determined. Chemomechanical
preparation of the specimens was done using k les till apical size
30,the specimens were irrigated with initial rinse protocol using 5ml of
3%NaOCl between each instrument,then the specimens were
decoronated. The remaining root segments were then split
longitudinally through the root canal in buccolingual direction using
carborundum disk at low speed under water coolent.Buccal and lingual
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surface of the samples were further attened and smoothened using
1000 grit sand paper to obtain smooth and at suface for contact angle
measurement . The samples were then stored in distilled water until
use. In one half of the specimens,canal space of the dentin sections
were treated with the following irrigation protocol:5ml of 3%sodium
hypochlorite followed by 5ml of 17%EDTA and5ml of
2%chlorhexidineas a nal rinse. The dentin sections were rinsed with
each irrigant solution for 1min.The samples were gently air dried
before contact angle measurement.The samples were then divided into
3 groups based on the experimental sealers used. A total of 14 samples
were assigned for each group with 7 samples per subgroup. The contact
angles were measured at varied time intervals of 0,5,10, 15,2 0
,25,30seconds in room temperature.
The groups were divided as follows
MEASUREMENT OF CONTACT ANGLE OF SEALERS ON
DENTIN SURFACE
The samples were mounted at on glass slab for measurement of
contact angle.
In each sample 1drop [0.1 ml] of sealer [mixed as per manufacture
instructions] was deposited on the dentin surface and then with help of
software, images of the drop was captured and analysed to provide
values of contact angles at time intervals of 0,5,10,15,20,25,30
seconds after the initial application of the sealers and the values were
recorded.

STATISTICAL ANALYSIS
Kruskal - Wallis and Mann Whitney tests were used for intra and inter
group analysis
CONACT ANGLE MEASUREMENT
The contact angle values(in degrees)were measured using
goniometer.The observation revealed that the values decreased upto 30
seconds from the time of application in all the groups.
Table 1 shows the mean standard deviation Contact angle value in
degrees for all the groups
Table 2 shows inter group p-value comparison for contact angle
measurement in the presence of and after the removal of smear layer.
Table3 shows intra group p-value comparison for contact angle
measurement.
DISCUSSION
For better penetration of sealer and adhesion into dentinal tubules, the
wettability should be high. wettability of sealer is high when the
contact angle formed by the sealer on the dentinal surface is low. The
moisture content,temperature,the contents present in the dentinal
tubules also inuences the wettability and sealer penetration.[35]
In the current study contact angle of Zinc oxide eugenol,AH plus and
bioceramic sealers were compared. Bioceramic sealer was compared
with Zinc oxide eugenol and AH plus sealers because Zinc oxide
eugenol sealer has been the gold standard for all the sealers and AH
plus sealer is found to be a benchmark amongst the recently introduced
resin based sealers.[33]
Middle third of root dentin is used in this study to measure contact
angle ,as the dentin tubule density is high in this region.From the
literature it is evident that the diameter of open dentinal tubules in the
middle third of root dentin was large enough to promote deeper sealer
penetration.[3,9,35]Additionally greater forces may be expected to be
applied during lateral condensation in this part of dentin when
compared to coronal and apical third of root dentin.[35]Apical third of
the root section may not be ideal to perform the present study because it
contains less tubules with smaller diameter and few of them frequently
found obliterated.[3]
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Irrigation regime used in this study was similarto the clinical situation
as recommended by Zehnder 2006where intermittent rinse with saline
was used between the irrigants -3%sodium hypochlorite,17%EDTA
and2%Chlorhexidinegluconate.[2,26,32]
It has been proved in the literature that 3% sodium hypochlorite has
antimicrobial activity and pulp dissolving capacity, hence it was
recommended as a routine irrigant in the irrigation protocol.
[1,25]Moreover it also has the collagen dissolving property which
enhances the adhesion of smear layer to dentinal wall. Because of this
reason subsequent irrigation with 17% EDTA, a chelating agent has
been recommended to favour the removal of smear layer. [11,21,29].
Smear layer is dened as layer of irregular,amorphous
microcrystalline and organic particle debris that is found on root canal
walls and in dentinal tubules after root canal instrumentation.It was
rst described by Mc comb and smith in 1975. It has two
layers,supercial layer and deep layer [smear plugs]where the material
is packed into dentinal tubules .Smear layer if present will impede the
sealer adhesion and penetration by decreasing the wettability of the
sealers and also favoursmicroleakage contributing to endodontic
treatment failure.[17]
Final rinse was carried out with2%Chlorhexidinegluconate, a cationic
bisbiguanidebecause of its antimicrobial property that acts by abso
rbing onto or disrupting the cell wall causing leakage of intracellular
components [1], additionaly it exhibits substantivity in the root canal
for some time after being used as nal rinse[25].It was found from the
previous studies that chlorhexidinegluconatewhen used as the nal
irrigant increases the surface free energy of dentin and this ensures
better wetting,ow and penetration of theendodontic sealers[23].
From the literature search, it was observed that clinical signicance of
the precipitate (HEDTA)2(H2CHX)3formed by the interaction of
EDTA with chlorhexidinehas not been established[23].From the
wettability data obtained in the previous studies (de Assis,Bohn
&Ilie),it was conrmed that this precipitate decreases the wettability
effect of EDTA.In the current study dentin was irrigated with each
irrigant for one minute[31].
The contact angle was measured for 30seconds (with 5 seconds
interval) from the initial application of the sealer to dentin using sessile
drop method[30].This represents the clinical time frame necessary to
apply a freshly mixed sealer to the root canal wall prior to obturation
(Bohn&Ilie 2014). It is worth mentioning here that contact angle
measurement was carried out on a at dried dentinal surface.Contact
angle measurements require a solid surface with a clean,rigid and
highly smooth surface[2,12].From the previous studies it is known that
blot drying dentin with paper points lead to the formation of irregular
uid lm on the dentinal surface making the measurement
critical[16,20]. Therefore,in this study dentin discs were gentlyair
dried to create a standard surface condition while maintaining the
hydration in the deeper layers of dentin to facilitate the contact angle
measurement.The dentin discs were not totally dessicatedas it is well
known that on dessication, the exposed collagen matrix caneven
collapse[24].
Any volumetric change could affect the contact angle value.To avoid
this,sealer droplet volume was standardized with micropipette.0.1ml
of the sealer was used to calculate the contact angle[8,13,15,
18,34].Room temperature was maintained at 25C during the
measurement of contact angle in air conditioned room[22]..Roughness
created by the instrumentation technique also inuences the contact
angle values[18,22].To prevent the inuence of the instrument used
during the canal preparation, dentin surfaces were smoothened using
1000 grit sand paper.
In the present study dentin sections treated with distilled water was
used as control group because of the presence of smear layer in it.All
the sealers were mixed individually according to manufactures
instructions before the measurement.Contact angle was measured in
the presence and absence of smear layer in all the groups. As the
irrigation regime and time was standardized,it was expected that
surface free energy of dentin is the same for all the groups and surface
tension of the sealer has major inuence on the contact values
obtained[4,31].
The contact angle measurement decreased from the time of application
to nal measurement in all the groups(Table 1,2). This may be related
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to the spreading and setting properties of the sealers used in the
study[6].The inter and intra group comparison was highly signicant
expect for inter group comparison between zinc oxide eugenol and AH
plus sealers at 10 and 15 seconds in the presence of smear layer. This
may be attributed to the long working time of zinc oxide eugenol and
AH plus sealers.
The contact angles measurement obtained in the current study reveals
that zinc oxide eugenol has the least values followed by AHplus and
Bioceramic sealer for both the test and control groups.From the values
obtained (Table 1,2), it was clear that absence of smear layer in the test
groups has favoured the wettability which was in accordance with the
previous studies[8,12,22,28,35].The results were consistent with the
surface tension values of the sealers.The contact angle of bioceramic
sealer obtained in the study was high compared to other two
experimental sealers which could be attributed to the viscosity and
spreading properties of the sealers.
Bioceramic sealer sets in the presence of dentinal tubule uid.It was
also found that Bioceramic sealer exhibited better adaptation to
dentinal walls . They produce non resorbable hydroxyapatite during
setting reaction forming a chemical bond with dentin walls.This may
be the cause for the better adaptation and penetration of bioceramic
sealer over zinc oxide eugenol and AH plus sealers observed in the
current study.

Table 3: Intra group comparison for contact angle values p– value
sealer
Subgroups p – value
0sec 5sec 10sec 15sec 20sec 25sec 30sec
Zinc oxide Irrigant
.000 .000 .000 .000 .000 .000 .000
eugenol
Control
AH plus
Irrigant
.000 .000 .000 .000 .000 .000 .000
Control
Bioceramic Irrigant
.000 .000 .000 .000 .000 .000 .000
Control
p-value<0.05 is signicant
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