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Abstract

This study was designed to evaluater adiopacity, interface micrographs, and leakage mediated
by zirconium oxide (ZO) placed into white Portland cement (PC) as a furcal perforation sealing
material. Perforations were created in the floors of pulp chambers in 56 freshly human maxillary
and mandibular molars and randomly divided into four experimental groups, each containing 12
teeth, and a negative control group containing 8 teeth. The experimental groups were prepared
using 20% ZO plus PC, PC, ProRoot mineral trioxide aggregate (MTA), and 20% bismuth
oxideplus PC. First, radiopacity was assessed through X-ray. Second, the concentration of leaked
glucose was measured at day 1,2, 4,7, 10, 15, and 21 using a glucose oxidase method. Third, using
scanning electron microscopy (SEM), we showed the interface between each material and teeth.
The data were evaluated using the Kruskal-Wallis test. The results suggest that three materials
showed sufficient radiopacity, the only exception is the lower radiopacity of PC, and ZO could
be considered as an alternative radiopacifier to be added in PC, without changing the ability of

sealing the furcal perforations.
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Introduction

Furcal perforation may be the result from pathological
conditions (e.g., tooth in absorption or decay) or iatrogenic
factors (e.g., improperpulp cavity preparations). The
prognosis of a treatment depends on the perforation site,
the size of damages, adjacent periodontal conditions, and
sealing materials. An ideal sealing material must exhibit
favorable sealing ability, high biocompatibility, nontoxicity
to the pulp tissue, antibacterial properties, anticipated
stability in tissue fluids, adequate mechanical strength,
short-time setting, and favorable handling properties [1,2].

Clinical investigations have demonstrated that mineral
trioxide aggregate (MTA) is a good material for the
treatment of furcal perforations. Moreover, it has been
extensively applied in dentistry as reparative material for
root-end filling, pulp-capping, pulpotomy, and traumatized
teeth within complete apexification [3-6]. MTA may be
an ideal material that has showed excellent physicaland
biological properties such as biocompatibility, high pH,
radiopacity, reasonable sealing ability, and the capacity to
promote pulpand periradicular tissue repair. For instance,
it consistently inducers generation of the periodontal
ligaments, the apposition of a cementum-like material, and
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the formation of bone. However, MTA has a long setting
time, which makes it difficult to handle. The high cost also
restricts its clinical application [5,6].

Recently, it has been confirmed that PC plusbismuth oxide
to make the mix radiopaque [7]. This has generated many
scientific interests in comparing MTA with PC and in the
evaluation of PC as a low-cost alternative to MTA. Several
studies have demonstrated some similarities between both
materials in terms of their biocompatibility, composition,
mechanism of action, and cytotoxicity [8-11]. The only
exception is the lack of radiopacity in PC. The lower
radiopacity in PC is a major concern. When it is considered
as a substitute for MTA [5-7,12]. Radiopacity is one of the
most important properties to be observed during some
dental procedures such as root canal therapies. An ideal root
canal repair material should present sufficient radiopacity
to distinguish filling materials from surrounding anatomic
structures [1]. Thus, the radiopacity of PC associated
with the various radiopacifying agents was evaluated.
Among the tested radiopacifiers, bismuthoxide showed the
highest radiopacity, which made bismuth oxide a widely
used material for many MTA-type dental filling materials
[7,12,13]. However, it has been demonstrated that dental
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discoloration can be caused by white MTA induced by
bismuth oxide in teeth previously contacted with water or
sodium hypochlorite solution [14]. Furthermore, bismuth
oxide, as a radiopacifying agent in MTA, interferes with
MTA properties by increasing its porosity, consequently
lowering its resistance [15,16]. Formosa et al. reported
that bismuth oxide drastically increased the setting time
of the test cements in phosphate-containing solutions [17].

So, the association of PC with other radiopacifier agents
has also been studied [15-21]. Antonijevic et al. have
demonstrated that PC with the addition of at least 10%
bismuth oxide and20% ZO or ytterbium trifluoride
displayed greater radiopacity value than the recommended
3 mm aluminum [15]. Filler loading of 30% ZO to PC
mixed at a water to cement ratio of 0.3 resulted in a
material with comparable properties to MTA [19]. Chen
et al. have shown that the radiopacifier bismuth oxide/
yttria-stabilize dzirconia (85/15) had higher radiopacity,
but similar cell viability, than purebismuth oxide [20].
Several studies have showed that the negative properties of
bismuth oxide [14-18]. PC associated with ZO was shown
to have excellent physicochemical, biocompatibility and
mechanical properties [18-20,22,23]. However, it is not
clear whether ZO would be the best radiopacifying agent
associated with PC in the treatment of furcal perforations.
Therefore, in this study, we evaluated the radiopacity,
interface micrographs and the leakage by ZO placed into
white PC as a furcal perforation sealing material.

Materials and Methods
Selection of teeth

This study was approved by the FEthics Committee,
School of Stomatology, Chongqing Medical University,
China. Fifty six freshly human maxillary and mandibular
molars were selected from the Stomatological Hospital of
Chongqing Medical University. After removing soft tissue
tags and calculus, the teeth were autoclaved and stored in
normal saline solution (containing 0.2% sodium azide) no
longer than 14 days. The teeth were selected based on their
well-developed morphologies such as intact furcation,
complete root formation, and the absence of fracture
lines. To maximize specimen standardization, we used
the teeth that have 2.2 to 2.5 mm dentin thickness at the
furcation. We excluded teeth with root caries, fused root,
and damaged pulp chamber floors.

Teeth preparation

The teeth were decoronated 3 mm above the cement
enamel junction. Standard access cavities were prepared.
Pulp tissue and debris were removed. The pulp cavity
was irrigated with sterile saline and dried with oil-free
air. The canal orifices were located. Artificial perforations
were created in the center of the pulp chamber floor by
using a size 3 round diamond bur (carbide burs FG-3, SS
White Burs, Lakewood, NJ) in a high-speed hand piece

with water spray. The teeth were then allowed to dry at
room temperature. Sticky wax was used to seal the orifice
of each canal. Two coats of nail polish were applied over
the entire tooth surface, especially in the furcal location.
A silicone impression material (Dentsply, Addlestone,
UK) was mixed to provide a matrix that simulates the
bony socket and the perforations. Teeth were placed into
the unset silicone and removed when polymerization
occurred.

Repair of the perforations

The teeth were randomly divided into four experimental
groups containing 12 teeth and one negative control group
containing 8 teeth. The groups were designated as: Group
A: 20% ZO (Sigma Aldrich, StLouis, MO, USA) with
white PC; Group B: white PC (Aerbo Cement Corporation,
Angqing, China); Group C: ProRoot MTA (Dentsply, Tulsa,
USA); Group D: 20% bismuth oxide (Sigma Aldrich, St.
Louis, MO, USA) with white PC; and Group E: negative
control (only preparing the access cavities without creating
furcal location).

In groups A, B, C, and D, 1 g of each material was
mixed with 0.35 mL of distilled water according to
manufacturer’s recommendations. The mixed materials
were placed into the perforation sites by using an Endogun
(Dentsply, Tulsa, USA) and compacted with the Schilder
Pluggers (Dentsply, Tulsa, USA). A cotton ball with
saline solution was placed in the pulp chamber against
the placed materials. In group E, standard access cavities
were prepared in each tooth with a number 5 round bur
(carbid burs FG-5, SS White Burs, Lakewood, NJ) in the
high-speed hand piece to ensure that the furcation remains
intact, All the samples were stored at 37%°C in 100%
humidity for 72 h to allow the cement to set.

Assessment of the radiopacity

All samples for each tested material were used for an
X-ray-based radiopacity assessment. Images were taken
with a conventional X-raydevice rr (PLD5000B, Pulang,
China) using 60 kVP, 10 mA, and an exposure time of
0.3 seconds. A distance of 20 mm was standardized as
the distance from the cylinder to the periapical film in all
samples (Kodak serie E -P21, China).

Measurement of microleakage

A quantitative method using glucose solution was chosen
to assess the leakage, which was detailed in the previous
studies [24,25]. As shown in Figure 1, the model was
transferred to an incubator at 37°C in 100% humidity
for the observation. At day 1, 2, 4, 7, 10, 15 and 21, a 10
pL sample solution was taken out from each glass bottle.
Corresponding amount of distilled water was added into
every tube to maintain the volume of 2 mL, either before
or after drawing the sample. The samples were analyzed
with an Automatic Biochemistry Analyzer (Modular P800,
Roche, USA).
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Figure 1. Microleakage of the experimental model.
Scanning electron microscopy investigation

After leakage detection, the specimens were removed
from the model. Using a hard tissue cutting machine
(E300CP/400CS, EXAKT Vertriebs GmH, Germany), the
materials were longitudinally cut to tooth interface. The
dried longitudinal sections were coated with gold to a
thickness of 20 nm using a Bio-Rad Sc5000 sputter coater
(Fisons Instruments, Uckfield, UK). Mounted specimens
were examined under a scanning electron microscope
(QUANTAA400, FEI, USA), which was maintained at
approximately 20 Kv and 10-6 Torr under a high vacuum
condition. Scanning electron micrographs of the material to
tooth interface were captured at 1000-fold magnification.

Statistical analysis

Owing to the data having the nature of non-normal
distribution, all values were analyzed by the Kruskal-
Wallis test. The level of significance was set at a P value
less than 0.05.

Results
Biomaterials with sufficient radiopacity

As illustrated in Figure 2, MTA, 20% ZO with PC, and
20% bismuth oxide with PC present sufficient radiopacity
to distinguish materials from surrounding anatomic
structures on radiographs. However, PC showed lower
radiopacity, indistinguishable from the dentine structures.
The radiopacity of PC has been shown to be 0.86-2.02
mm aluminum [7,12], lower than the 3 mm aluminum
recommended by the International Standards for Dental
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Root Canal Sealing Materials (ISO 6876 Section 7.8:
2007) [2].

Microleakage analysis

Figure 3 illustrates experimental findings of leakage. No
glucose leakage was found in the negative control group
from the beginning to the end of the experiments, indicating
the reliability of our model. Leaked glucose was observed
in each experimental group with an increasing tendency
as time went on. The concentration of leaked glucose
in the group of Group A (20% ZO+PC) was lower than
other groups. Group D (20% Bismuth oxide+PC) seems
to have the highest concentration. However, there was no
significant difference among the experimental groups on
each time points (P>0.05). Our results showed that the
addition of ZO to PC did not affect the capacity to seal
furcal perforations. Statistical analysis of the present study
also showed that both PC and MTA demonstrateda similar
ability (to seal furcal perforations) to that showed by De-
Deus et al. in apolymicrobial leakage model and Gustavo
et al. using a fluid filtration model [21,26].

Micrograph analysis

SEM was used in this study because it is an efficient
method to examine surface topography [27]. The scanning
electron micrographs of the material to tooth interface
demonstrated changes in microstructural characteristics
of the materials in contact with dentine. Figure 4 showed
microscopic spaces and uneven clearance between the
restoration and the dentine in each experiment group,
which may lead to microleakage. The reasons for this
may be the marginal gaps found frequently in perforation
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Figure 2. Radiopacity of the tested materials.

25

20

Lesked Glucose (amol/L)

Time (days)

Figure 3. Leaked glucose through repaired furcation in the 4
experimental groups

Group A: 20% ZO with white PC; Group B: white PC; Group
C: ProRoot MTA; Group D: 20% bismuth oxide with white PC;
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Figure 4. Scanning electron micrographs of material to dentine interface(1000% magnification

fillings, which reduce their sealing ability and create
the conditions for bacterial and fluidmicro leakage from
crown to apex.

Discussion

The addition of various radiopacifying agents was
reported [15-20,22-23]. Bismuth oxide is a radiopacifier
presented in MTA. However, several studies have shown
that the association of bismuth oxide changed the color,
microstructures, porosity, and solubility of PC [14-16].

For instance, Marina et al. presented dental discoloration
caused by bismuth oxide in MTA in the presence of sodium
hypochlorite [14]. Other materials have been evaluated as
alternatives to bismuth oxide [15-20,22,23]. ZO provides
proper radiopacity and cell viability. Also, ZO associated
with PC presents radiopacity, compressive strength,
reasonable setting times, water absorption, and solubility
similar to ProRoot MTA [9,19]. Cutajar et al. Described PC
replaced with 30% ZO mixed at a water/cement ratio of 0.3
resulted in an optimal combination [19]. In this study, we
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used 20% ZO with PC as the experiment material. There
was 20% replacement of white Portland cement with
micron-sized ZO particles reported to provider adiopacity
values between 3.41 and 6.58 mm aluminum, which were
conformed to International Standards [18]. We showed
that the addition of ZO to PC promotes proper radiopacity,
which also exceeds the minimum ISO standard of 3 mm
aluminum for root canal sealers.

In previous studies, various methods have been developed
to investigate leakage, such as dye leakage, fluid filtration,
bacterial penetration, and protein leakage, most of
which have both advantages and inherent draw backs
[5, 21,26,28]. In this study, we chose glucose solution as
the leakage tracer and enzymatic glucose oxidase as the
assay. The model quantifies the microleakage with high
sensitivity because the molecular size of glucose is small.
If glucose could enter the canal from the oral cavity,
bacteria that might survive root canal preparation and
obturation could multiply and potentially lead to periapical
inflammation. The oxidation of glucose would be affected
by several factors, such as the concentration of the glucose
solution, the volume and the solubility of the materials.

Shahriaretal. reported that PC had better sealing ability than
MTA, which should be recommended for repair of furcal
perforation [28]. Several reports also indicated that MTA
had better marginal adaptation than Glass lonomer Cement,
Intermediate Restorative Material, Super Ethoxybenzoic
Acid and Amalgam [27,29-31]. On the contrary, another
investigation demonstrated that Intermediate Restorative
Material and Super Ethoxybenzoic Acid have had better
marginal adaptation than MTA [32]. However, a recent
study compared the marginal adaptation among White
MTA, Gray MTA, and PC and showed no significant
difference between the tested materials, regardless of
improved marginal adaptation [33].

In summary, our study showed that the sealing ability
promoted by all 4 materials was similar. ZO could be
considered as an alternative radiopacifier to be added
in PC, without changing the sealing ability at the furcal
perforations. However, further research is needed to
evaluate the behaviors of the radiopacifying agents
associated with PC with respect to other physicochemical
and biological properties and clinical applications of this
type of materials.
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