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Abstract: This study evaluated sealing properties of zinc oxide/calcium sulphate filling material
(Plastor©) to prevent bacterial infiltration in simulated Class 1 cavities with and without the pres-
ence of a spacer apically the restoration. Twenty-eight experimental Eppendorf tubes containing
Tryptic Soy Agar were prepared and divided into seven groups: group A (Plastor©®), group B
(Plastor© + cotton pellet), group C (Plastor© + cotton pellet soaked of m-cresyl acetate), group D
(Plastor© + cotton pellet soaked of eugenol), group E (Plastor© + PTFE pellet), group F (positive
control), and group G (negative control). All prepared vials were individually immersed in tubes
containing 5 mL of a suspension of Streptococcus mutans (10°> CFU/mL) previously prepared and
then incubated at 37 °C for 5 and 10 days. Subsequently, agar was collected and tested for S.mutans
using real-time PCR. Aliquots of each agar samples were separately seeded on TSA for S. mutans
isolation. The real-time PCR tests were negative for S. mutans on all the vials at both T5 and T10,
except for positive control resulted positive at both T5 and T10. The isolation tests showed bacterial
growth of S. mutans only with the agar samples collected from the vials of positive control, confirming
real-time PCR tests. This in vitro study evidenced complete sealing ability of zinc oxide/calcium
sulphate in temporary restorations of Class 1 cavities without mechanical loading at 10 days and
complete immersion in a bacterial suspension. Moreover, sealing ability is not influenced by presence
of spacers.

Keywords: temporary filling materials; zinc oxide/calcium sulphate materials; bacterial infiltration;
Streptococcus mutans

1. Introduction

Temporary filling materials are used in many procedures and techniques in dentistry.
In endodontics, they can be used in multiple-visit approach and/or after endodontic treat-
ment until the final restoration is placed. The main goals of root canal treatments (RCTs)
are undoubtedly the prevention or the resolution of periapical lesions and the retention of
the function of the treated teeth as much as possible. The most significant factors leading
to RCT failure are fundamentally related to the etiopathogenesis of endodontic diseases:
the bacteria. In fact, endodontic pathologies are caused by endodontic microorganisms
and their by-products, thus, its successful treatment strictly depends on the efficiency of
bacteria eradication and recontamination prevention. Therefore, the basic goal of RCTs
is to eliminate microorganisms from the root canal system and to remove any biological
substrate which could aid microbial growth, such as pulp tissue remnants, through ade-
quate chemo-mechanical disinfection of the endodontic system. Moreover, the quality of
chemo-mechanical debridement is not the sole factor able to affect the long-term clinical
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outcome. As a matter of fact, a tridimensional root canal filling is required to preclude
bacterial recolonization of the endodontic system. Quality of both the root canal obturation
and the coronal restoration influence the success rates of RCTs, confirming that satisfac-
tory root fillings and proper coronal sealing are associated with an optimum root canal
treatment outcome.

It is important to underline that after endodontic treatment, at least an immediate
dentinal conditioning and sealing with a preliminary build-up using adhesive techniques is
recommended, to reduce risks of dentinal contamination and to improve bonding strength
of the final restoration [1]. Temporary filling materials can be used also in vital pulp
therapies (pulp capping, apexogenesis), apexification or regenerative procedures until
these treatments are completed [2—4]. Vital pulp therapies consists in the placement of
biocompatible materials on the exposed pulp tissue to preserve its health, stimulate repair
by mineralized tissue formation [4] and allow continued root development along the
entire root length (apexogenesis) [3]. If the pulp is irreversibly inflamed or necrotic, root-
end closure procedures are required when the apex has not fully formed. In fact, pulpal
necrosis in permanent teeth that have not completed their root development leads to teeth
with a very short root, roots with very thin walls and an inadequate crown-root ratio,
which overshadows their survival prognosis [2,3]. The traditional apexification technique
used calcium hydroxide (Ca(OH),) as intracanal dressing, a strong base with a high pH
(approximately 12), that was originally used in endodontics as a direct pulp-capping agent.
Ca(OH), is formed by a powder that when in contact with an aqueous fluid dissociates
into calcium and hydroxyl ions. This reaction induces a hard-tissue deposition and high
antimicrobial activity. that the study was made on deciduous teeth, instead of immature
permanent teeth. More recently, another type of apexification named as “apical MTA plug”
was described using calcium silicate materials, formed by a biocompatible powder with
fine hydrophilic particles that hardens in the presence of humidity.

Apexification presents the limitations of an interrupted root development, leaving the
tooth with a fragile root structure and a poor crown-to-root ratio leading to higher risk of
root fracture [2].

An alternative endodontic procedure for the treatment of necrotic immature teeth
that may promote further root development by attempting to regenerate the pulp-dentin
complex is regenerative endodontic procedure (REP). This conservative two-step procedure
consists of the use of a combination of antimicrobials to reduce infection, no canal walls
instrumentation, and induced apical bleeding to form a blood clot tightly sealed into the root
canal in order to promote healing. It can be performed in cases of pulp necrosis secondary
to trauma, decay, or dental anomalies. As for endodontic treatment, the success rate of
these techniques is influenced by efficiency of bacteria eradication and recontamination
prevention [2].

The principal objective of temporary restorations is to provide a tight seal of the access
cavity, to prevent reinfection of root canal system/vital pulp from microorganisms present
in saliva [5] and to guarantee protection of other materials located in cavity access/chamber
floor or root canal system [6-9]. Previous studies demonstrated that bacteria present in
natural human saliva will penetrate in <30 days through an entire root canal system obtu-
rated by a lateral or vertical condensation techniques [10]. Another advantage of temporary
filling materials is the reduction in time to re-open cavity access in case of worsening of
pulpal/periapical signs/symptoms or failure of vital pulp therapy with subsequent need of
endodontic treatment [6,11]. The most commonly used materials for short-term temporiza-
tions contains zinc oxide eugenol and zinc oxide/calcium sulphate [1]. These compounds
possess antimicrobial properties and good sealing properties, determined by its hygro-
scopic nature and high setting expansion [12,13]. Moreover, are simple to apply in cavity
access with bulk techniques and easy to remove. Previous studies, evaluating marginal
leakage of different temporary restorations, concluded that zinc oxide/calcium sulphate
materials had better marginal seal in Class 1 and Class 2 cavity access preparations [6].
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However, these materials lack mechanical properties and need to be minimum 3.5 mm
in thickness [14] to prevent total leakage. Moreover, no mechanical loading would be
preferable to maintain their stability in tooth cavity [15]. In addition to temporary filling
material, a “spacer” or “barrier material” placed apically to the provisional restoration can
be used in most clinical situations [16]. In endodontics, spacers can prevent unwanted
materials (also the same temporary material) entering and blocking the canal space in
multiple visit approach endodontic treatments [17]. In addition, spacers reduce the time
required to access the root canal system and reduce the risk of chamber floor damage during
removal of the temporary material [18]. Spacers can also be soaked with medicaments in
specific emergency procedures [19]. When pulpectomy is not achievable, an emergency
procedure for temporary relief of symptomatic acute pulpitis can be pulpotomy eventually
associated to soaked pellets used as chamber floor medicaments [20-22].

One of these medicaments is eugenol, that can rapidly inhibit bacteria and kill viruses,
with an analgesic effect to relieve the pain of patients [23]. Another chamber floor medica-
ment is m-cresyl acetate that allows the removal of bacterial biofilm and is less irritating for
periapical tissues than other compounds such as p-chlorophenols [24].

The probability of eliminating pain is related to the extent of the inflamed /necrotic
tissue removal. However, if there is no sufficient time to for a complete removal of pulpal
tissue (pulpectomy), pulpotomy will give a better pain-relieving effect compared with
incomplete canal instrumentation [20].

Spacers soaked with water can be used to provide a suitable humidity source in
therapies (vital pulp therapies, apexogenesis, apexification, and perforation repair) using
calcium-silicate cements, that needs humidity for their setting time and bioactive properties.
Calcium silicate-based cements, also called hydraulic cements, have gained popularity
due to their excellent biological and physiochemical properties. The chemical basis of
the setting mechanism of these sealers consists of a hydration reaction in which water is
absorbed from dentin tubules, and a calcium silicate hydrate gel and calcium hydroxide
are produced. Moreover, the latter is able to react with the phosphate ions to precipitate
and form hydroxyapatite (HA). Calcium silicate cements have been recently introduced
in endodontics for their enhanced properties compared to conventional sealers: high
biocompatibility (nontoxicity); high chemical stability within the biological environment;
shrinkage absence; expansion after setting; the absence of an inflammatory response in the
case of extrusion into the periapical space; HA formation; high pH (strongly antibacterial);
hydrophilicity; excellent sealing ability; and ease to use. Calcium silicate cements can be
classified based on their chemical composition or their clinical application. According to
the clinical context, hydraulic cements can be divided into intracoronal, intraradicular, and
extraradicular materials whilst, considering the chemical constitution, they can be classified
as hydraulic aluminate cement or hydraulic calcium silicate-based cement. Moreover, the
latter can be divided into two different categories according to the cement components:
Portland cement and calcium silicate-based cement [25,26]. The most commonly used
spacers include cotton pellets and polytetrafluoroethylene (PTFE) tapes [16,18]. Cotton
pellets have been widely used as an endodontic spacer and can be soaked with medica-
ments. Although, some authors described impairment in stability and displacement of
the overlying restorative material during masticatory loading. Furthermore, the cotton
fibers may interpose to the cavity walls-restoration interface, affecting the marginal seal of
the provisional restoration and acting as a sponge by drawing fluids from the oral cavity
to the internal cavity walls and root canal system [7]. PTFE tape is a versatile material
that has been increasingly used for various purposes in dentistry and has been considered
a suitable alternative spacer material with the potential to overcome the disadvantages
of using cotton pellets. being a non-fibrous polymer, it reduces absorption and provides
better support the provisional restoration [17,27]; although, PTFE cannot be soaked with
medicaments such as cotton pellets. The use of PTFE tape as a spacer is associated with
less tooth’s contamination compared with cotton pellets, though the evidence available is
limited and heterogeneous [16].
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Aim of this in vitro study was to evaluate the inhibiting effect of zinc oxide/calcium
sulphate filling material, to bacterial infiltration in temporary restorations, with and without
different types of spacers placed apically to the restoration.

2. Materials and Methods
2.1. Bacteriological Investigations

For this experiment, ATCC-700610 Streptococcus mutans (LGC, Milan, Italy) was used.
For the bacterial suspension preparation, a sample of S. mutans was previously inoculated
on plates of Triptic Soy Agar (TSA) (Liofilchem, Teramo, Italy), supplemented with 5%
defibrinated sheep blood, and incubated for 24 h at 37 °C under aerobic conditions. After
incubation period, N = 3 bacterial colonies were collected and Gram stained. To confirm
the bacterial strain as S. mutans, the bacterial colonies were tested with real-time PCR.
Subsequently, one colony was inoculated in tryptic soy broth (TSB) (Liofilchem, Teramo,
Italy) and incubated at 37 °C for 24 h under aerobic conditions. Two mL of the 24 h-
cultural medium were inoculated in 100 mL of TSB and incubated at 37 °C for 24 h under
aerobic conditions. Therefore, the bacterial suspension was subjected to an additional
characterization using real-time PCR to confirm the presence of S. mutans and was titrated
for the bacterial suspension preparation which was used in the present study. The bacterial
suspension’s titration was carried out using plates of TSA inoculated with serial 10-fold
dilutions starting from 10~! to 10~'°. Two plates were used for each dilution. The results
were recorded after 48 h of incubation at 37 °C for 24 h under aerobic conditions. The
final bacterial suspension for the assays in the present study was calibrated at 10° colonies
forming unity/mL (CFU/mL).

For the isolation of S. mutans from the samples, tryptic soy agar (TSA) supplemented
with 5% defibrinated sheep blood was used.

2.2. Biomolecular Analysis

The DNA from the samples was isolated using the Power Soil Kit (Qiagen, Milan Italy),
following the protocol indicated by the supplier, and the S. mutans nucleic acid was detected
by real-time PCR using the S. mutans-specific primers and probe following the protocol
described by Yoshida and co-authors [28], with minor modifications. Briefly, the primer set
included the following: Smut 3368-Forward (5'-GCCTACAGCTCAGAGATGCTATTCT-3)
and Smut 3481-Reverse (5'-GCCATACACCACTCATGAATTGA-3') with the fluorescent
probe Smut3423-T (5'-FAM-TGGAAATGACGGTCGCCGTTATGAA-TAMRA-3'), which
are specific for the specie-specific gene gtfB. In particular, for each real-time PCR test, 20 puL
of a mixture containing 1 uL of extracted DNA, 1 uL TagMan Universal PCR Master Mix
(Applied Biosystems), 500 nM (each) sense and antisense primer, and 2500 nM TaqgMan
probe was placed in each well of a 96-well plate. Amplification and detection were per-
formed using the C100 Touch Thermal Cycler (Biorad, Segrate, Italy) with the following
cycle protocol: 95 °C for 10 min, and 45 cycles of 95 °C for 15 s, and 58 °C for 1 min. The
DNA of ATCC-700610 S. mutans strain as provided by LGC, Italy, was used as positive
control, whilst sterile DNA-ase/RNA-ase free water (Qiagen, Milan, Italy) was used as the
negative control.

2.3. Experimental Design

Twenty-eight experimental samples were prepared using sterile Eppendorf tubes
20 mm in length and filled with TSA for 10 mm (Figure 1A). The remaining space sim-
ulated mean depth of endodontic cavity access preparation from dental cusps to pulp
chamber floor in molars, as reported in recent studies using Cone-beam computed tomog-
raphy [29]. As temporary filling material was used Plastor© (Ghimas, Bologna, Italy),
a premixed temporary filling material that contains mainly zinc oxide (40-50%), calcium
sulphate (20-30%). As spacers were used sterile cotton pellets (Medirel, Agno, Switzer-
land) or PTFE pellets (TDV Dental, Pomerode, Brazil). Samples were divided in 7 groups
(N = 4 vials/group): group A (Plastor©®), group B (Plastor© + cotton pellet), group C
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(Plastor© + cotton pellet soaked of m-cresyl acetate), group D (Plastor© + cotton pellet
soaked of eugenol), group E (Plastor© + PTFE pellet), group F (positive control), and group
G (negative control).

Figure 1. (A) Eppendorf tubes filled with Tryptic Soy Agar for 10 mm; (B) Eppendorf tubes filled
with zinc oxide/calcium sulphate (left) and tubes filled with zinc oxide/calcium sulphate and spacer
placed apically to restoration (right); (D) Eppendorf tube immersed in 5 mL of a suspension of
S. mutans (10° CFU/mL) and then incubated at 37 °C for 5 and 10 days; (C) Zinc oxide/calcium
sulphate filling material condensed and burnished; (E) Eppendorf tube cut to collect Agar.

Sterile spacers were gently immersed into the TCA, inside the Eppendorf tubes. In
group C and D cotton pellets were soaked in 0.1 mL of m-cresyl acetate or eugenol im-
mediately before the insertion. Plastor© was applied in a bulk technique in the access
cavity, simulating a Class 1 cavity, with sterile instruments and subsequently condensed
with a plugger to obtain a thickness at least of 5 mm (Figure 1B). The excess material was
removed with a sterile cotton pellet lightly dampened with sterile saline to obtain a smooth
surface. Subsequently, filling material was left in contact for 60 min with a sterile cotton
pellet soaked with sterile saline solution to obtain its hardening (Figure 1C).

Preparation of the samples was aseptically performed by the same operator.

In the vials of group F (positive control) were filled with 20 uL of undiluted bacterial
suspension of S. mutans before application of filling material, and in group G (negative
control) were added 20 pL of sterile broth. All prepared vials were sterilized on the outer
surface using a hypochlorite solution and were individually immersed in tubes containing
5 mL of a suspension of S. mutans (10° CFU/mL) previously prepared and then incubated
at 37 °C (Figure 1D).

Two Eppendorf tubes were collected for each group, positive and negative control
after 5 (T5) and 10 (T10) days of incubation. After disinfection of the external surface using
5.25% sodium hypochlorite, the vials were opened aseptically and their content was used
for the detection and in vitro isolation of S. mutans by real time PCR and inoculation on
TSA, respectively.

3. Results
3.1. Bacteriological Investigation

The preliminary assay for S. mutans cultivation allowed to obtain a bacterial suspension
with a titer of 108 CFU/mL. The suspension was diluted with TSB (Liofilchem, Teramo,
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Italy) to obtain a bacterial concentration of 10° CFU/mL used in the experimental study.
The isolation test of S. mutans from agar samples collected from cutted Eppendorf tubes
showed bacterial growth only with the Agar samples collected from the tubes of Group F
(positive control). The bacterial colonies isolated in TSA supplemented with 5% sheep blood
resulted Gram-positive and were confirmed as S. mutans using specific real-time PCR.

3.2. Molecular Analysis

The real-time PCR tests carried out on agar samples collected at T5 and T10 were
negative for S. mutans on all the vials of groups from A to E and the ones of group G
(negative control). The group F samples (positive control) were positive in RT-PCR with
a Ct value of 22.50 and 19.00 at T5 and T10, respectively (Table 1).

Table 1. Detection of S. mutans by isolation (I) and real-time PCR (RT) in agar samples from Eppen-
dorfs vials after 5 days (T5) and 10 days (T10) of incubation.

T5 T10
Groups
I RT I RT
A - - - -
B - - - -
C - - - -
D - - - -
E - - -
F + +(22.50) * + +(19.00) *
G - - - -

Legend: +: positive sample; -: negative sample. * In brackets the Ct values of RT.

4. Discussion

None of the groups except group F (positive control) presented bacterial infiltration
during the time of our experiment. The use of Eppendorf tubes as experimental model
of cavity access was considered to exclude possible communications present in natural
teeth (exposed dentinal tubules, lateral canals, enamel /cementum cracks) that could de-
termine false positive bacterial infiltrations. The complete immersion of Eppendorf tubes
in a bacterial suspension of S. mutans was a condition not naturally observable in in vivo
studies, considered to test the sealing ability of filling material and temporary restora-
tions in simulated extreme experimental conditions. Agar culture medium was inserted
in Eppendorf tubes to have a solid base to support spacer and filling materials and to
facilitate the extraction of cells and genetic material for PCR and microbiological tests.
Positive control demonstrated the accuracy of microbiological analysis and negative control
excluded external contaminations during collection procedures of samples. Moreover,
absence of S. mutans genome was confirmed through RT-PCR, in order to further support
isolation results. In other words, we have planned to carry out also the real-time PCR assay
which, as is well known, is able to detect the nucleic acids of pathogens. Therefore, even
the presence of dead pathogens eventually passed through the restoration may be detected.
Accordingly, the lack of isolation of S. mutans from the Agar samples of Eppendorf tubes
was confirmed as the absence of microorganisms that passed through the filling material.

Streptococcus mutans is generally considered to be a major pathogen of human caries
and is also involved in periodontal diseases. Moreover, S. mutans can migrate from peri-
odontal pocket into endodontic system without clinically coronal leakages such as caries,
traumatic tooth fractures, or old restorations. S. mutans strains are classified into serotypes c,
e, f, and k on the basis of the biochemical composition of serotype-specific polysaccharides.
From the literature, it is known that approximately 70-80% of strains found in the human
oral cavity are classified as serotype ¢, followed by the serotype e (~20%), and the serotypes
f and k (less than 5% each). The virulence of S. mutans as a dental pathogen mostly resides
in its ability to adhere and form biofilms on tooth surfaces, produce large quantities of
organic acids, and tolerate low pH and oxidative stress. The oral host tissue attachment
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could be due to a group of glycotransferases, which act as a cell surface protein antigen, rec-
ognized to have a collagen-binding activity. The most described collagen-binding proteins
(CBPs), described only in the S. mutans strains, are the Cnm and Cbm proteins. These act as
adhesins, i.e., they have the ability to adhere to type I collagen, thus promoting the biofilm
formation, the development, and the duration of the periodontal pathologies. In addition,
S. mutans strains can became invasive, and the cnm gene is required for S. mutans adher-
ence to endothelial and epithelial cells and intracellular invasion, also being an important
virulence factor for systemic disease secondary to bacteremia such as endocarditis. It is
well-known that S. mutans cnm-positive strains have the ability to invade the endothelial
cells with a subsequent periodontal vascular damage, and the possibility to migrate in
bloodstreams with potential life-threatening pathologies such as infective endocarditis or
disseminating infections, especially in patients with pre-existing cardiovascular conditions
or compromised immune system.

The distribution frequency of the strains carrying the cnm gene among oral isolates
has been estimated to be approximately 10-20% and the detection of S. mutans in the oral
sites has been subject of interest, not only due to its primary role in caries onset but also
due to its association with extra-oral infections. In particular, the serotype k was the most
recent serotype, and it was recognized to possess the most prominent being as the defect of
the glucose side chain in serotype-specific rhamnose—glucose polymers, which is related to
the highest incidence of this serotype in the cardiovascular specimens.

Moreover, know-how and technologies for bacteriological investigations and biomolec-
ular analysis of this bacterial species were already available. For these reasons, S. mutans
was chosen for this study as it represents an important oral pathogen for its virulence factors
and ability to adhere on to solid surfaces, forming and sustaining a polysaccharide-encased
biofilm.

This experimental model presents some limits as only one bacterial species has been
evaluated, denying any possible interaction in the oral microbial community. This could
generate different microbial dynamics in terms of the capacity of bacteria to infiltrate fillings.

The duration of the experiment of 10 days was considered as a reasonable time
compared to clinical timing of appointments in a multi-visit approach endodontic treatment,
in emergency pulpotomy procedures or in vital pulp therapies using calcium-silicate
materials to attend setting time of bioactive material [2,7,18]. Calcium silicate materials
offered an improvement in terms of timing, with only one appointment needed to perform
it and another one after 72 h to control setting of the material and fill the rest of the canal,
respect to apexification with Ca(OH); that required changing of intracanal dressing every
2-3 months until the operator feels a barrier when probing the apex with an endodontic
file [3]. Risk of infection of remaining parts of the pulp between the emergency pulpotomy
and complete pulpectomy or incomplete canal instrumentation in endodontic treatment
can be avoided with a temporary restoration that guarantee coronal sealing.

Presence of spacers apically to restoration do not interfere with sealing abilities
of temporary filling material and no differences were observed using cotton pellets or
PTEFE pellets.

Because no mechanical loading was applied on restorations, this could be a limitation
of the study and could explain the different observations of other authors on bacterial
contamination between cotton pellets and PTFE used as spacers in temporary restorations.
A correct mechanical loading influence stability and subsequent marginal adaption of
restorative materials, and results of in vitro experiments could differ from in vivo observa-
tions [16,17]. Control of mechanical loading on temporary restoration should be evaluated
especially in posterior teeth (molars and premolars), while in anterior teeth (canines and
incisors) the cavity access was generally not influenced by occlusion and mandibular
movements [30,31].

The use of chamber floor medicaments does not influence sealing ability or bacte-
rial infiltration of temporary filling material and their use in some procedures should
be recommended only for its antibacterial and/or analgesic properties. Chamber floor
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medicaments can secondarily improve benefits of pulpotomy with analgesic effects and/or
antibacterial properties with a minor contribution respect pulpotomy procedure [32]. It is
well known that endodontic infections are mixed infections with complex floral interactions
and medicaments effective against a single microorganism may not be effective against
a mixed infection, resulting in a poor antibacterial effectiveness [21].

5. Conclusions

The experiment evidenced complete sealing ability of temporary filling material
containing zinc oxide/calcium sulphate at 10 days of complete immersion in a bacterial
suspension, simulating an extreme clinical condition. Use of spacers apically the restoration
do not interfere with sealing properties of temporary filling material nor use of spacers
soaked with eugenol or m-cresyl acetate used as chamber floor medicaments.

Even though mechanical loading was not a study-parameter, the experimental design
sufficiently reproduces temporary restorations in teeth without occlusal contact points
or occlusal reduction. Zinc oxide/calcium sulphate filling materials showed complete
marginal seal with a mean thickness of 5 mm, which can be easily processed for endodontic
cavity accesses [29]. Other advantage of these materials is their application in the cavity
with bulk techniques, simpler and faster than application modes of other filling materials.

This in vitro study demonstrated that zinc oxide/calcium sulphate filling materials
had complete marginal sealing ability at least of 10 days in Class 1 cavities without me-
chanical loading. Moreover, its sealing ability is not influenced by the presence of spacers.
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