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In vitro studies have shown that rapid penetration of bacteria in the entire root canal system may occur after endodontic treatment
without a coronal seal. A proper restorative technique is necessary to ensure a coronal seal and protection of the residual dental
structure. The aim of this in vitro study was to evaluate the coronal sealing ability of the most relevant clinical materials by means of
dye penetration (neutral red dye, Sigma-Aldrich, Germany), through a light spectrometric device, and to establish which one of the
tested dental materials possesses the best sealing ability. Forty-two extracted teeth were prepared and used for this experiment; they
were sealed with 5 diﬀerent cements. The ﬂow composite had the best absorbance value with 0.00675 ± 0.00096 (mean ± standard
deviation) for monoradicular samples and 0.025 ± 0.00129 for pluriradicular samples. Under the constraints of the present study,
both ﬂowable and packable composite materials can be recommended as oriﬁce sealing materials to prevent microleakage in an
endodontically treated tooth. To assess the clinical superiority of any material, further in vivo studies are required.

1. Introduction
A correct and conclusive diagnosis is of paramount importance when determining whether a tooth needs root
canal treatment or not. The clinical protocols have gone a
long way, endodontic therapy being one of the most predictable today.
With a success rate of 87.5% and 88.9% according to one
study, for single visit treatment and 87.4% according to
another [1, 2], endodontic therapy is one of the most effective and frequently applied procedures in a dental oﬃce.

Clinical symptoms and conditions that might lead to the
need of endodontic treatment include unprovoked dental
pain, referred or localized pain, especially during postural
changes, and prolonged recovery from hot or cold stimuli
even after the agent has been removed [3]. Initial root canal
treatment is indicated when the pulp is inﬂamed and the
process of capillary collapse has occurred. This process
happens due to the increased internal tooth pressure, which
is caused by the increased blood supply to the inﬂamed pulp
[4]. This increased blood ﬂow into a nonexpanding space
(the pulp chamber) causes capillaries to collapse and
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eﬀectively cut oﬀ the blood supply to the pulpal tissues,
leading to necrosis [5], which in turn favors bacterial
accumulation.
The main culprits responsible for the need for root canal
treatment are deep decay, secondary/recurrent caries, repeated dental procedures on a tooth, infected root canals,
periapical pathologies, and/or large ﬁllings that are too close
to the pulp chamber, as well as a crack or chip in the tooth
that is in close proximity to the pulp chamber [6].
The main steps in a successful root canal treatment are
accessing the pulp chamber without iatrogenic incidents,
establishing a correct working length, and shaping and
cleaning the root canal. Working length determination and
correct obturating technique are important in order to avoid
underﬁlling or overﬁlling; the ﬁrst leaves room for the accumulation of bacteria in the root canal, whereas the second
causes inﬂammation of periapical tissues. During shaping
and cleaning, it is very important to irrigate the root canal
generously to eliminate all the remaining pulp tissue.
The success of endodontic therapy is broadly thought of
in terms of decontamination and complete obturation of the
root canal system [7]. The usual factors responsible for an
endodontic failure are improper coronal sealing (microleakage), the persistence of bacteria, inside or outside the
root canal, underﬁlling of the canal, unshaped canals (both
accessory and major ones), and iatrogenic errors (i.e., poor
access cavity preparation and broken instruments) [8].
Another very important part that follows the endodontic
ﬁlling is the sealing of the pulp chamber and the restoration
of the tooth. Regarding this issue, many materials and
methods, direct and indirect, have been used over the time,
but there is no consensus at this time about which is best.
Usually, the type of restoration depends on the remaining
tooth structure available and its position on the dental arch,
trying to preserve as much hard tissue as possible. In anterior
teeth that are minimally to moderately restored, a direct
composite restoration will be the material of choice, while a
crown will better protect endodontically treated posterior
teeth [9]. Other materials and techniques used for the longterm postendodontic restoration include amalgam restorations, gold and ceramic onlays, and ceramic full/partial
crowns [9].
As mentioned previously, endodontic treatment has a
high rate of success but, interestingly enough, recent studies
suggest that even when failures occur; in the majority of
cases, it is because of the restoration, not the root canal
treatment per se [10]. One of the most common problems
clinicians face in today’s practice is the phenomenon of
microleakage, which seems to aﬀect most, if not all, restorative materials.
Microleakage is deﬁned as the “diﬀusion of the bacteria,
oral ﬂuids, ions, and molecules into the tooth and the ﬁlling
material interface” or “deﬁned as the clinically undetectable
passage of bacteria, ﬂuids, molecules, or ions between tooth
and the restorative or ﬁlling material” [11]. Clinical investigations, both in vitro and in vivo, have shown that postendodontic coronal microleakage can allow bacterial
penetration in the ﬁlled root canal system, causing recontamination and failure of the root canal treatment [8]. The
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success of endodontic therapy hinges on an adequate coronal seal. A well-sealed coronal restoration is essential after
the completion of obturation as it will prevent the ingress of
microorganisms present in the oral environment [8].
Currently, there are many options of dental materials
that are suited for coronal sealing, ranging from glassionomer cements, modiﬁed glass-ionomer cements, packable and ﬂowable composites, and all the variations that each
company introduces to the market.
Many studies emphasize that tooth ﬁlling materials are
not inert and impenetrable borders, but dynamic microcrevices, which allow for the busy traﬃc of bacteria, ions,
and molecules which leads to secondary caries [11–13]. The
main causes of coronal microleakage of endodontically
treated teeth are polymerization shrinkage when bulk
ﬁlling the cavity, the use of poorly adaptable temporary
ﬁlling material, and an inadequate marginal adaptation of
restorative materials or ﬁxed crowns [14, 15]. So, the limit
between the restoration and dental hard tissue continues to
be a zone of clinical concern. It can result in bacterial
inﬁltration and recontamination of the root canal, eventually leading to the failure of the endodontic treatment.
Most vulnerable areas of large composite restorations are
cuspal areas exposed to large masticatory forces and
proximal areas where proper oral hygiene is hard to obtain.
In vitro studies have shown that rapid penetration of
bacteria of the entire root canal system may occur after
endodontic treatment without a coronal seal over the root
ﬁlling as well as the leakage of an intracanal medicament
due to improper coronal sealing [16].
After endodontic treatment, as well as during the treatment,
a proper restorative technique is necessary to ensure coronal
seal and protection of the residual dental structure [17, 18].
Hence, it is important to assess the coronal microleakage in the
presence of various permanent restorative materials.
To our best knowledge, glass-ionomer cement (GIC),
modiﬁed glass-ionomer cement (mGIC), and packable and
ﬂowable composites, some of the most frequently used restorative materials in the daily practice have never been
compared to each other regarding their coronal sealing
performance. Therefore, the aim of this study is to evaluate
the coronal sealing ability of the most relevant clinical
materials mentioned above. To this end, this work proposes a
micromolecular dye (neutral red dye, Sigma-Aldrich, Germany) penetration protocol, which employs spectrophotometry to establish which of the tested dental materials
possess the best sealing ability.

2. Materials and Methods
42 mature extracted human teeth were selected for this
study. The selected teeth were stored in formalin for an
average of 2 months until the samples were prepared. The
selected group contained 21 monoradicular teeth and 21
pluriradicular teeth. In this study, 40 teeth were used to form
the 5 experimental groups (see Figures 1 and 2). The
remaining two teeth, one from each group, were designated
as control samples; these were in pristine condition and no
work was done to them besides cleaning and disinfection.
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Figure 3: Monoradicular teeth cut 2–5 mm from CEJ.
Figure 1: Sample selection of monoradicular teeth and control
group after cleaning and disinfection.

Figure 4: Pluriradicular teeth cut 2–5 mm from CEJ.
Figure 2: Sample selection of pluriradicular teeth and control
group after cleaning and disinfection.

All the selected teeth had four intact coronal walls and
normal root morphology. After careful clinical examination,
teeth with fractures, cracks, caries involving the coronal part
or the root, previously endodontically treated teeth, and
teeth with complicated root morphology were excluded
from the study. The teeth were cleaned of the biological
debris by hand and then were thoroughly cleaned with an
ultrasonic scaler. Disinfection was done with Chloraxid 2%
(sodium hypochlorite 2%, Cerkamed, Poland) and GlucoChex 2% (chlorhexidine digluconate 2%, Cerkamed, Poland)
for 1 hour each and then stored in physiologic saline solution
until use [19, 20]. The preparatory procedures for all the
extracted teeth were standardized for all groups and were
performed by a single operator. Coronal access was assured
and working lengths were selected at 1 mm short of the point
at which a number 10 K-ﬁle exited the apical foramen.
Coronal ﬂaring was accomplished by the gates Glidden burs,
sizes 2 and 3. The canals were instrumented with K-ﬁles
(Dentsply Maillefer, Switzerland). ENDO-Prep Cream with
15% EDTA and 10% urea peroxide (Cerkamed, Poland) was
used to coat the K-ﬁles while they were used. Between
successive ﬁles, the root canals were irrigated with 5.25%
sodium hypochlorite (Cerkamed, Poland) and physiologic
saline using an endoneedle alternatively. Throughout the
cleaning and shaping procedures, apical patency was
maintained by recapitulation with a number 10 K-ﬁle. All
teeth were instrumented in the same manner. The smear
layer was removed using 2 ml of 15% EDTA solution
(Cerkamed, Poland) followed by a ﬁnal ﬂush with 2 ml of
Chloraxid 2% (sodium hypochlorite 2%, Cerkamed,
Poland). Upon completion of the instrumentation, the canals were dried utilizing absorbent paper points. This
process was done to ensure that all canals and especially the
point of interest, the canal oriﬁces, were conditioned and
prepared with the same working protocol, thereby assuring
homogenous conditions for this study. Since the main objective of this research is the coronal microleakage at the
level of canal oriﬁces, the experimental teeth were purposefully not obturated with any materials, giving us more
room for the neutral red dye. Because of the vast assortment
of commercially available materials, for this study, we used
the most relevant clinical options. The following materials
were investigated: Kavitan Plus, glass-ionomer cement, GIC
(PENTRON, Orange, USA); Ionosit, light cured compomer,

mGIC (DMG, Hamburg, Germany); brilliant ﬂow, ﬂowable
composite (COLTENE, Altstätten, Switzerland); Kerr
Premise, packable composite (KERR, Brea, USA); Coltosol
F, temporary ﬁlling material (COLTENE, Altstätten, Switzerland). Both composites used are made of nanoparticles.
The roots of the 20 teeth in the experimental group were cut
short 2–5 mm (depending on the pulp chamber morphology) from the level of cementoenamel junction (CEJ) with a
tapered ﬁssured diamond bur in a high-speed handpiece
under water spray (Figures 3 and 4). This was done for two
main reasons: to have enough space for the neutral red dye,
without the dye freely ﬂowing through the whole root canal
and potential leak through lateral or accessory canals, and to
ensure a hermetic seal of the roots where they were sealed
apically up to the CEJ with ﬂowable composite.
The teeth employed in this study were divided into six
groups. Groups I to V were experimental groups and Group
VI was the control group. Each experimental group comprised four monoradicular and four pluriradicular teeth,
whereas the control group was composed of one monoradicular tooth and one pluriradicular tooth. The purpose of
the control group was to establish potential discoloration and
other changes in the saline solution when the pristine tooth
was submerged in physiological saline for the whole duration
of the experiment. Each experimental group was tested in a
separate sterile container made of hard plastic, with a total
volume of 25 mL, and with a screw lock cap; they were
purchased from a local pharmacy. In order to have all the
teeth fully submerged in the same amount of physiological
saline solution, we measured the volume of solution needed to
cover the largest tooth: the pluriradicular tooth from the
control group (a molar). The same volume, 10 mL, was used
for all the samples. First, we applied a hermetic seal to all the
teeth, experimental and control group, using Premise
Flowable Light Cure Composite (KERR, Brea, USA) together
with OptiBond Solo Plus bonding and etching (37.5%
phosphoric acid) system (KERR, Brea, USA). The teeth were
dried, etched up to the CEJ, for 15 seconds, and rinsed
vigorously for an additional 30 seconds (to ensure that all
etching was removed). After drying lightly, the bonding was
applied to all the areas up to the CEJ. After light curing for 20
seconds, the ﬂowable composite was placed and light cured
for 40 seconds. The remaining two teeth (one monoradicular
and one pluriradicular) were hermetically sealed up to the CEJ
and designated as control for each group. These two teeth
were in pristine condition and no work was done on them,
except for cleaning and disinfection. The role the hermetic
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seal applied to these particular teeth was to ensure a tight
entrapment of the root canal contents. Once the hermetic seal
was established, the neutral red dye was placed into the root
canal. Endodontic microsponges (LARIDENT, Italy) were
used to absorb and contain the neutral red dye inside the root
canal and to assure enough ﬁrmness to apply the oriﬁce
sealing material on top of it, without the materials forcing the
dye out of the root canal and into the pulp chamber. The
endodontic microsponges were cut into small pieces of about
2 × 2 mm to 4 × 4 mm to accommodate diﬀerent pulp
chamber sizes. With the help of a plastic pipette, one drop of
neutral red dye was applied inside the root canal of the experimental teeth and the oriﬁce was covered with a piece of
microsponge. The oriﬁce sealing material, according to each
testing group, was applied on top of the sponge to create an
initial barrier and afterward the bulk of the testing oriﬁce
sealing material was applied. After oriﬁce sealing, the teeth
were submerged in 10 mL physiological saline solution in
individual plastic containers. The containers were shaken for
30 seconds, 2 times per day for 2 weeks. After 2 weeks, a
sample of the saline solution was taken from each container
and was analysed with the help of a Metertech SP-880 UV/
visible spectrophotometer (Metertech, Taipei, Taiwan). Before
the analysis of the samples, the peak absorbance point of the
tested dye solution was obtained. The peak absorbance point
was established at the 540 nm. The saline solution from the
container was used for base line (zero absorbance) calibration
and the saline solution with one drop of Neutral red dye was
used to assess the wavelength of maximum absorbance. As a
result, we obtained the peak absorbance point at 540 nm.
Finally, the solution from each experimental group was tested
(i.e., its absorbance was measured at a wavelength of 540 nm)
and the data were recorded. The higher the resulting absorbance value, the weaker the oriﬁce sealing will be.

3. Results
All the experimental groups showed some level of dye
leakage into the saline solution. In general, monoradicular
teeth displayed less leakage. Table 1 presents the absorbance
values recorded for Group I, composed of 4 teeth with oriﬁce
sealing performed with a temporary cement, Coltosol F
(COLTENE, Altstätten, Switzerland).
Absorbance values recorded in this study lie between 0
(the “blank” value, obtained for unspoiled saline solution)
and the maximum value of 0.055 (obtained during the
measurement of the peak absorbance when one dye drop
was uniformly distributed in 10 mL saline solution, see
previous section). Lower numbers indicate better oriﬁce
sealing capabilities. Absorbance results for the other 4
materials investigated in this work are shown in Table 2.
A comparison of the results listed in Tables 1 and 2 leads
to the unsurprising conclusion that a temporary cement
assures weaker oriﬁce sealing than permanent restoration
materials. The mean values of the absorbance values obtained for monoradicular and pluriradicular teeth are shown
in Figures 5 and 6, respectively, along with the corresponding standard deviations (SD) depicted as vertical error
bars.
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Table 1: Absorbance values obtained for the samples prepared
using the Coltosol temporary cement.
Sample
1st monoradicular sample
2nd monoradicular sample
3rd monoradicular sample
4th monoradicular sample
1st pluriradicular sample
2nd pluriradicular sample
3rd pluriradicular sample
4th pluriradicular sample

Absorption at 540 nm
0.025
0.024
0.026
0.025
0.052
0.054
0.051
0.052

The mean absorbance value for Coltosol F for monoradicular samples was 0.025 with SD 0.00082, and for
pluriradicular samples, the mean value was 0.05225 with SD
0.00126. For GIC, the mean value for monoradicular samples
was 0.016 with SD 0.00141, whereas for pluriradicular
samples, it was 0.03875 with SD 0.00096. For mGIC, we
obtained a mean value of 0.014 with SD 0.00082 for monoradicular samples and a mean 0.02725 with SD 0.0025 for
pluriradicular samples. The brilliant ﬂow had the best mean
absorbance value, 0.00675, with SD 0.00096 for monoradicular samples and the best mean absorbance value,
0.0205 with SD 0.00129, for pluriradicular samples. The
packable composite Kerr Premise had a mean absorbance
value of 0.011 with SD 0.00082 for monoradicular samples
and a mean absorbance value of 0.02375 with SD 0.00171 for
pluriradicular samples.

4. Discussion
As seen from the results, there are big diﬀerences between
restorative materials. This is a clear sign that the immediate
crown restoration of the endodontically treated tooth is vital
to the ﬁnal outcome of the therapy. The disinfection and
ﬁlling of the root canal may be mandatory, but they are not
irreversible; at any time, due to a lack of substance or poorly
adapting restoration, the oral bacteria could easily recolonize
the pulp canal. By that point, it is only a matter of time until
the infectious process restarts. Also, it is very important for
the clinicians not to overlook the provisional restoration,
which is very common after root canal treatments. There is
no given time that should be “safe” for the tooth to be
restored with a material that does not meet the highest
standards regarding microleakage, such as temporary cements. It becomes clear that even for short-term provisional
restoration, the material of choice should be a light cured
ﬂow composite.
A meta-analysis conducted by Ng et al., as well as another retrospective study including 1001 endodontically
treated teeth, indicates that the success rate of endodontically treated teeth was higher if they had a good quality
coronal restoration [21, 22].
To prevent loss of the crucial coronal seal, a restoration is
needed after the endodontic treatment is completed. This
postendodontic restoration should be able to prevent the
recontamination of the root canal system by keeping it free
from food debris, oral ﬂuids, and microorganisms present in
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Table 2: Absorbance values obtained for all permanent cements.
Permanent
cement
GIC
mGIC
Flow
composite
Packable
composite

1st
2nd
3rd
4th
1st
2nd
3rd
4th
monoradicular monoradicular monoradicular monoradicular pluriradicular pluriradicular pluriradicular pluriradicular
0.014
0.017
0.016
0.017
0.038
0.040
0.038
0.039
0.013
0.014
0.014
0.015
0.024
0.030
0.028
0.027
0.006

0.007

0.008

0.006

0.019

0.021

0.020

0.022

0.010

0.012

0.011

0.011

0.022

0.024

0.026

0.023

Monoradicular samples
Absorbance value at 540nm

0.03
0.025
0.02
0.015
0.01
0.005
0

1
Materials
Temporary cement
GIC
mGIC

Flow composite
Packable composite

Figure 5: Mean value for all materials for monoradicular samples.
Pluriradicular samples
Absorbance value at 540 nm

0.06
0.05
0.04
0.03
0.02
0.01
0

1
Materials
Temporary cement
GIC
mGIC

Flow composite
Packable composite

Figure 6: Mean value for all materials for pluriradicular samples.

the oral cavity [12]. Currently, several dental materials are
used to achieve a coronal seal and each of them has its own
beneﬁts and limitations. To our knowledge, there are few
comparative studies aiming to assess the above materials as
oriﬁce sealants. Divya et al. published an in vitro study on a
sample of 70 extracted human teeth, comparing the sealing
capability of light cured composite resin, GMTA (gray
mineral trioxide aggregate), WMTA (white mineral trioxide
aggregate), and GIC type II. Their results were similar to this
study showing that composite resin had better sealing

abilities than GIC [23]. Gerdolle et al. compared the
microleakage of a compomer, an ormocer, a packable
composite, and a resin modiﬁed GIC in another in vitro
study performed on a sample of 40 mandibular human teeth.
They observed that the resin modiﬁed GIC and the packable
composite had the best sealing abilities, which was observed
in the present study, as well [24].
Mali et al. performed a similar study on 30 extracted
teeth, comparing the microleakage of glass ionomer, composite resin, and compomers. The conclusion was that glassionomer cements had the highest rate of microleakage, while
the composite came second and the compomer had the best
results [25]. In a clinical environment, there are several
factors that can potentially inﬂuence the quality of the ﬁnal
work, from the quality of cavity preparation to the damage
extent of coronal tissues. Composite microleakage can be
attributed to the C-factor or conﬁguration factor, which
refers to the ratio of bonded to unbonded surfaces in cavity,
which may increase the polymerization shrinkage [26]. As
the C-factor increases, the compensation for polymerization
shrinkage by the ﬂow of composite decreases, and thus, the
polymerization stress at the bonded surface increases. Also,
even within the composite restorations’ category, there are
diﬀerent protocols meant to overcome the problem of
microleakage. One of the most revealing studies was done on
60 extracted teeth and found out that rebonding with a
surface sealant can reduce marginal microleakage of composite resin restorations better than rebonding with a
bonding agent [27]. The methodology proposed in this work
is quantitative, reproducible, and adaptable for diﬀerent
studies of dental microleakage. Although the results reported here are in agreement with the published literature,
this study has limitations that prevent the extrapolation of
the results to the clinical context. First, it is an in vitro study
performed on a relatively low number of extracted teeth.
Second, it investigates the ability of dental materials to
prevent the inﬁltration of a micromolecular solution (molecular weight of 288.8), which is not an indicative of
bacterial inﬁltration. The present study can be the base of an
in vivo, prospective study speciﬁcally designed to identify
the clinical performance of diﬀerent sealing materials placed
in the complex environment of the oral cavity. Along with
the investigations from Kim et.al and Lee et. al [28, 29], our
results suggest that the use of a double material seal, in
conjunction with incremental techniques used for composite
delivery, albeit more time consuming, will result in better
oriﬁce and coronal sealing than the use of a single coronal
sealing material followed by bulk-ﬁll composite technique.
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5. Conclusion
On the basis of the results of this study, we can conclude that
the ﬂow composite had the best sealing ability followed by
the packable composite. Nevertheless, all the materials investigated in this work can be used eﬀectively as sealing
materials. Further in vivo studies will be needed to assess the
clinical superiority of one material over the other.
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