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Abstract
Aim: The purpose of this in-vitro study was to compare
the sealing ability of White ProRoot® MTA, MTA PlusTM,
BiodentineTM and Permite Amalgam when used as rootend filling materials.
Materials and methods: 120 single rooted, extracted
teeth were endodontically treated. The apical 3 mm of
each root was resected, and 3 mm deep root-end cavities
were prepared.
Specimens were divided into four groups (n=30) and filled
with the following materials: ProRoot® MTA, MTA PlusTM,
BiodentineTM, and Permite Amalgam. Specimens were
submerged in Indian Ink for 48 hours, and sectioned
horizontally in one millimetre increments from the apical end.
Dye penetration was measured using a stereomicroscope.
Results: Data for different groups was summarised as
percentages. Pairwise comparisons between the calcium silicate materials to amalgam were done at the 0.017
level of significance, using Fisher’s exact test. Amalgam
showed significantly more leakage than the calcium silicate materials (ProRoot® MTA, MTA PlusTM and BiodentineTM) (p<0.001). No significant differences in sealing ability
were found among the calcium silicate materials.
Conclusion: Amalgam should be regarded as unsuitable
for use as a root-end filling material. Calcium silicate cements should be recommended as the material of choice
for root-end filling.

Introduction
Periapical endodontic surgery may be indicated when orthograde retreatment of failed endodontic therapy is unsuccessful, not feasible or contraindicated.1 The sequence
of procedures during the surgery is: exposure of the in1.
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volved apex, root-end resection, root-end cavity preparation and placement of a root-end filling.2 The root-end
filling is necessary to provide a hermetic seal, preventing
the egress of micro-organisms from the root canal system
into the peri-radicular tissues.3
The ideal root-end filling material should be: non-toxic,
non-carcinogenic, non-corrosive, non-staining to periapical tissues, biocompatible with host tissues, able to
stimulate the regeneration of the periodontium, insoluble, dimensionally stable, unaffected by moisture, adherent to dentine, radiopaque, easy to use, and have a long
shelf life.3-5 Various materials have been suggested and
tested in the quest to fulfil all these ideal requirements.
Amongst those proposed are: amalgam, gutta-percha,
Cavit (3M ESPE, St Paul, Minnesota, USA), glass-ionomer
cement, IRM (Dentsply/Maillefer, Ballaigues, Switzerland),
Super EBA (Harry J. Bosworth Co., Skokie, Illinois, USA),
composite resin, compomer, gold foil, Diaket (3M/ESPE,
Seefeld, Germany), polycarboxylate cements, and more
recently Mineral Trioxide Aggregate (MTA).3
Dental amalgam was first used as a root-end filling material by Farrar in 1884,6 and has since been the most widely
used retrograde filling material, serving as a standard to
which other materials are compared.7 The advantages
of amalgam are that it is: inexpensive, readily available,
easy to manipulate, radiopaque and insoluble in fluids.3,6
The disadvantages include: initial microleakage8, electrochemical corrosion9, induction of inflammation of adjacent
peri-radicular tissues10, amalgam tattoo formation, the
need for an undercut in cavity preparation7, zinc toxicity11,
delayed expansion12, and concerns over the introduction of mercury into the peri-radicular tissues.3 In 1991,
Friedman identified amalgam as still being the material
of choice for retrograde filling.7 However, newer materials
have since been developed, challenging this role of amalgam. According to Chong and Pitt Ford (2005), the use
of amalgam as a root-end filling should now be confined
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to history.3 ProRoot® MTA (Dentsply/Maillefer, Ballaigues,
Switzerland) was developed for use as a root-end filling
material at Loma Linda University by Professor Mahmoud
Torabinejad and colleagues in the early 1990’s.13,14 The
first description of MTA appeared in the scientific literature
in 1993. In 1998 the United States Food and Drug Administration (FDA) approved MTA for use in endodontic treatment.13,15,16 Mineral Trioxide Aggregate can be described
as a hydraulic cement, for it setting is primarily dependant
on hydration reactions and once set it is stable underwater.17 This is in contrast to the predominantly acid-base
reactions of other dental materials.17 The main constituent
of MTA is calcium silicate.18 The expiration of the patent on
ProRoot® MTA has resulted in the emergence of several
variants, and a generic term has been proposed to classify this category of material.17 The terms ‘hydraulic silicate
cements’ and ‘calcium silicate cements’ have been proposed, with the latter being more popular.17, 18
According to the patent, ProRoot® MTA is a Type 1,
ordinary Portland cement.14, 19 The constituents of MTA
are: 55% tricalcium silicate, 20% dicalcium silicate, 10%
tricalcium aluminate, 10% tetracalcium aluminoferrite
and bismuth oxide (for radio-opacity).20 The cement is
prepared by mixing the powder with sterile water using
a 3:1 powder to liquid ratio.5 Hydration of ProRoot® MTA
results in the formation of calcium hydroxide and a calcium
silicate hydrate gel, and this solidifies in approximately
165 minutes.5, 20 Grey ProRoot® MTA and white ProRoot®
MTA were introduced to the market in 1998 and 2002
respectively.21 White ProRoot® MTA has significantly less
(90,8%) iron than grey ProRoot® MTA, and was intended
to address the cosmetic concerns of the potential of tooth
discolouration associated with grey ProRoot® MTA.13, 22
The novel MTA material, MTA PlusTM (Prevest Denpro Limited, Jamu, India) has a finer particle size than ProRoot®
MTA.23 The MTA PlusTM kit contains a powder and is supplied with a proprietary salt-free polymer gel and water, either one of which can be used as mixing components.24
The finer particle size improves handling and ease of placement, and the purpose of the gel is to add an anti-washout
property to the material,24, 25 washout being defined as the
tendency of a cement to disintegrate upon early contact
with blood and other fluids.26,27 As it is necessary to irrigate
the osteotomy site prior to closing a periapical flap to avoid
complications,25 one of the drawbacks of MTA is a tendency to washout. The final irrigation and resumption of blood
flow to the surgical area may then result in a loss of some
of the material placed in the root-end cavity.25 Washoutresistance is an important quality of a root-end filling, as a
loss of material would compromise the apical seal.25
An X-ray diffraction analysis of the unhydrated powder of
MTA PlusTM demonstrates that its components are tricalcium silicate, dicalcium silicate and bismuth oxide.28 Upon
hydration of MTA PlusTM powder with the anti-washout gel
or water, calcium silicate hydrate forms.28 The powder: liquid ratio for standard mixing is 3:1, however the amount of
gel may be increased to modify the rheological properties
(the flow characteristics) and setting time of the cement.24
MTA PlusTM when mixed with water took 65 minutes longer to set than when MTA PlusTM was mixed with the antiwashout gel (180 vs 115 minutes).28
Since January 2011, Biodentine™ a synthetic tricalcium
silicate based cement has been commercially available
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and is marketed as a ‘bioactive dentine substitute’.29, 30
The production of BiodentineTM is based on ‘Active Biosilicate TechnologyTM’, which results in the production of
pure tricalcium silicate that is free of metallic impurities.31 It
has a powder component which comes in a capsule and
a liquid packaged in a pipette. The powder is made up of
tricalcium silicate (main core material), dicalcium silicate
(second core material), iron oxide (colouring agent), zirconium oxide (radiopacifier) and two filler materials, calcium
carbonate and calcium oxide.32 The liquid consists of a
hydrosoluble polymer (water reducing agent) and calcium
chloride (setting accelerator).31 The liquid is mixed with
the powder within the capsule in a triturator for thirty seconds at a speed of 4000-4200 rotations per minute.31 The
hydration reaction results in the formation of a calcium
silicate hydrate gel and calcium hydroxide.33 According
to Camilleri, Sorrentino and Damidot (2013), the calcium
carbonate acts a nucleation site for the calcium silicate
hydrate; and as a result there is a shorter induction period
and an initial set within 12 minutes.32 The final setting time
of BiodentineTM was found to be 45 minutes.35
Microleakage can be defined as the passage of bacteria,
fluids and chemical substances between the root canal
filling material and the tooth.36 The various methods used
to examine the microleakage of MTA are dye penetration,
fluid filtration, bacterial leakage and protein leakage.37
The purpose of this in-vitro study was to compare the sealing
abilities of White ProRoot® MTA, MTA PlusTM, BiodentineTM and
Permite Amalgam when used as root-end filling materials.

MATERIALS AND METHODS
One hundred and twenty single-rooted extracted human
teeth were collected from the out-patient dental extraction
clinic of the Oral and Dental Hospital, School of Dentistry,
Faculty of Health Sciences, University of Pretoria. Every aspect of this research project was conducted in line with the
ethical and safety standards for handling human tissues and
conducting laboratory research, as prescribed by South African law: the Health Profession Act 56 of 1974 (South African National Health Bill, 2003). The study was approved by
the Research Ethics Committee, Faculty of Health Sciences,
University of Pretoria, under protocol number 138/2011.
The teeth were stored immediately after extraction in
phosphate buffered saline (PBS) (Sigma-Aldrich, Johannesburg, South Africa) at room temperature. The experiments were conducted two weeks later. The prerequisites for the sample selection were similar to those used
by Pichardo et al. (2006)38:
1. Root formation should be complete.
2. There should be a single, straight root canal
3. No root canal therapy should have been previously
performed on the teeth.
4. The teeth should not have any fractures.
5. There should be no root caries or root resorption.
All the above-mentioned properties were verified radiographically except for the absence of fractures (point 4),
which was done using a surgical operating microscope
(D.F. Vasconcellos, São Paulo, Brazil).
The crowns of all teeth were sectioned with a flat-ended,
cylindrical diamond bur (Komet, Lemgo, Germany) driven
in a high speed hand piece (W&H, Bürmoos, Austria). The
bur was held perpendicular to the long axis of the tooth
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and the cut made to render a standard root measurement
of 18mm, as suggested by Pichardo et al. 2006.38
All the root canals were prepared to within 0.5mm of the
apical foramen with ProTaper Universal (Dentsply/Maillefer,
Ballaigues, Switzerland) rotary instruments using the XSmart Plus rotary motor (Dentsply/Maillefer, Ballaigues,
Switzerland), according to the manufacturer’s instructions.
A size 15 k-file (Dentsply/Maillefer, Ballaigues, Switzerland)
was used to establish patency of the root canals. Glyde
Root Canal Conditioner (Dentsply/Maillefer, Ballaigues,
Switzerland) was used as a lubricant on the files prior to
insertion into the canals. A 6% sodium hypochlorite solution (Nordiska Dental, Angelholm, Sweden) was used for
irrigation between rotary instrumentation. The canals were
prepared with ProTaper Universal rotary files (Dentsply/
Maillefer, Ballaigues, Switzerland), up to a size F3 instrument. A final irrigation of the canals was performed with
17% EDTA (Topclear, Dental Discounts, Johannesburg,
South Africa). The canals were dried with F3 ProTaper Paper Points (Dentsply/Maillefer, Ballaigues, Switzerland). All
the prepared root canals were obturated by applying the
continuous wave, warm vertical condensation technique
using the Calamus Dual Obturation Unit (Dentsply/Maillefer,
Ballaigues, Switzerland). The coronal access cavities were
sealed with Fuji IX glass-ionomer restorative material (GC
Corporation, Tokyo, Japan). The specimens were then
stored in a single sterile plastic container filled with PBS
solution at room temperature for 48 hours.
The apical 3mms of all the specimens were resected perpendicular to the long axis of the tooth using a straight
carbide fissure bur (Komet, Lemgo, Germany) on a high
speed hand-piece. Root-end cavities were prepared on all
specimens to a depth of 3mm using an ultrasonic ProUltra
Surgical Tip (Dentsply/Maillefer, Ballaigues, Switzerland)
on an NSK Ultrasonic Scaler Unit (NSK, Nakanishi, Japan). The ultrasonic tip was used in a brushing motion
with light pressure, and a cylindrical cavity was created
parallel to the long axis of the root.
The entire surface of every specimen, except for the resected apical portion, was coated with two layers of clear
nail varnish to seal all other possible portals of communication with the root canal.
The 120 specimens were randomly divided into four
groups (n=30) and treated as follows:
Group 1: White ProRoot ® MTA (Dentsply/Maillefer,
Ballaigues, Switzerland) (n=30)
The material was hand-mixed according to the manufacturer’s instructions and placed into the root-end cavity
preparation, using the MAP system (micro apical placement) (Dentsply/Maillefer, Ballaigues, Switzerland).
Group 2: MTA PlusTM (Prevest Denpro Ltd., Jamu,
India) (n=30)
The material was hand mixed according to the manufacturer’s instructions and placed into the root-end cavity
preparation, using the MAP system (Dentsply/Maillefer,
Ballaigues, Switzerland).
Group 3: BiodentineTM (Septodont Ltd., Saint Maur
des Fausse’s, France) (n=30)
The material was mixed in an amalgamator (TPC Advanced Technology, California, USA) according to the

manufacturer’s instructions and placed into the root-end
cavity preparation, using the MAP System (Dentsply/
Maillefer, Ballaigues, Switzerland).
Group 4: Amalgam (Permite, SDI, Victoria, Australia)
(n=30)
The material was mixed in an amalgamator (TPC Advanced Technology, California, USA) according to the
manufacturer’s instructions and placed into the root-end
cavity preparation, using a retrograde amalgam carrier
(Medesy, Pordenone, Italy).
Each group of specimens was wrapped in gauze that had
been moistened with PBS, and stored in separate, sealed,
sterile plastic containers. The specimens were then placed
in an incubator (Binder, Tuttlingen, Germany), and stored for
24 hours at 37°C to allow the materials to set completely.
The specimen groups were then immersed in Indian Ink
dye (Winsor and Newton, London, England), and remained immersed in their individual, sealed, sterile plastic containers for 48 hours at 37°C. The specimens were
then removed from the dye reservoir, and excess dye was
rinsed off with distilled water for 15 minutes. The apical
end of each specimen was sectioned transversely in 1mm
increments with a wafering blade in an IsometTM low speed
saw (Buehler, Lake Bluff, Illinois, USA) under continuous
water irrigation. This rendered three 1mm slices of each
root-end which were then packaged in labelled, sealed
packets, identifying each sample as being: 1mm, 2mm or
3mm from the apex.
The sections were then mounted on microscopic glass
slides, and examined under a stereomicroscope (Carl Zeiss,
Jena, Germany) by two independent, blinded and calibrated
examiners. The extent of dye penetration was measured to
the nearest millimetre based on the presence of visible dye
between the root-end filling and dentinal wall interface.
Data was summarized in terms of percentage for the outcome vector (no leak; 1mm leak; 2mm leak; 3mm leak).
Furthermore, pairwise comparisons between each of the
new generation filling materials and amalgam were done at
the 0.017 level of significance using Fisher’s exact test. The
latter test could also be used at the 0.05 level of significance
to assess the four filling materials in a single analysis.

Results
The measurement of the depth of dye penetration between the root-end filling material and the dentinal wall
interface was of note.
Group 1: Dye penetration of White ProRoot ® MTA
specimens
In this group, 26 specimens showed no leakage, four
specimens leaked to a depth of 1mm and only three specimens leaked to a depth of 2mm (Figure 1a).
Group 2: Dye penetration of MTA PlusTM specimens
Twenty two of the specimens in this group showed no
leakage, eight specimens leaked to a depth of 1mm, and
three specimens leaked to a depth of 2mm (Figure 2a).
Group 3: Dye penetration of BiodentineTM specimens
No leakage was observed in 24 specimens of this group,
six specimens leaked to a depth of 1mm, and four specimens leaked to a depth of 2mm (Figure 3a).
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Group 4: Dye penetration of Permite Amalgam
specimens
All 30 of the specimens in this group showed leakage to a
depth of 1mm, 27 specimens leaked to a depth of 2mm,
and 12 specimens leaked to a depth of 3mm (Figure 4a).
The results of all the specimens from the different groups
combined before statistical analysis are illustrated by Figure
2. The specimens from the Permite Amalgam group showed
the most leakage while the White ProRoot® MTA group
showed the least amount of leakage.
Statistical analysis
The outcomes of the failure vector are reported for each
treatment group in Figure 3. Amalgam displayed significantly
greater leakage than any of the calcium silicate root-end filling materials (ProRoot® MTA, MTA PlusTM and BiodentineTM).
The differences are very clear if the leakage outcome is
simplified as present or absent. Then it can be noted that
leakage of the amalgam samples was 100% (30/30), and
that 20% (6/30) of BiodentineTM samples, 13.3% (4/30) of
ProRoot® MTA samples while 27.6% (8/30) of MTA PlusTM
samples leaked. It is also important to note that none of
the calcium silicate retrograde-filled teeth demonstrated
leakage up to 3mm. In contrast, 40% (12/30) of the amalgam-filled teeth showed leakage up to the 3mm level.

Figure 1: Stereomicroscopic view of transverse sections of representative
specimens of the tested groups: a) the White ProRoot MTA group: No leakage
was visible in this specimen at all three levels investigated; b) the MTA PlusTM
group: No leakage was visible in this specimen at all three investigated levels;
c) the BiodentineTM group. No leakage was visible in this specimen at all three
levels investigated; d) the Permite Amalgam group: Note the extensive leakage
to the 1mm, 2mm and 3mm level (arrows).
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Furthermore, no significant differences were found among
the calcium silicate cements, namely BiodentineTM vs.
ProRoot® MTA (p = 0.776), BiodentineTM vs. MTA PlusTM
(p=0.667), and ProRoot® MTA vs. MTA PlusTM (p = 0.350).

DISCUSSION
The purpose of this in-vitro study was to compare the
sealing ability of root-end fillings. White ProRoot® MTA,
MTA PlusTM, BiodentineTM and Permite Amalgam were
compared by measuring the linear dye penetration of Indian ink dye at the interface between the root-end filling
and the dentinal wall. The achievement of a hermetic seal
by a root-end filling is a critical factor that impacts on the
long-term success of endodontic surgery.37
Microleakage is an estimate of the quality of the seal, and
can be measured by allowing a tracer to penetrate a filled
root-end cavity.39 Commonly used tracers include dyes,
radioisotopes, bacteria and bacterial by-products.39 The
dye-immersion technique was introduced by Grossman
in 1939, and is widely used because it is easy to perform,
reproducible, safe, inexpensive, quantifiable and dyes are
readily available.39,40 This technique is a passive method
that depends on the phenomenon of capillarity, whereby
the dye penetrates any space between the root-end filling and the canal wall.39, 41 According to Torabinejad et
al. (1994), a filling material able to resist the penetration
of small molecules such as dye, would have the potential
to resist the penetration of larger bacteria and their byproducts.42 It is important to use a tracer that mimics the
clinical situation.40 Indian ink dye was used in the present
study as it is unlikely that bacterial leakage can occur in
root canal spaces where this dye is unable to penetrate.43
Chong et al. (1995) compared the penetration of tracers
and other assessment methods of the efficacy of the sealing of root-end fillings. The findings of their experiments
showed that bacterial penetration and Indian ink dye penetration yielded similar results.44
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In the present study, White ProRoot® MTA, MTA PlusTM
and BiodentineTM showed significantly better sealing ability when compared with Permite Amalgam. There were
no statistically significant differences in sealing ability between the three calcium silicate cements.
Amalgam has been considered as the material of choice for
root-end filling for over a century, despite the many disadvantages of its use.7 Most materials that have been developed or considered for root-end filling have been compared
with amalgam.48 The use of a cavity varnish in conjunction
with amalgam has been shown to improve sealing ability.8,45 Vertucci and Beatty (1986), however, found no significant difference in apical dye penetration, whether cavity
varnish was used or not.46 In the present study, no cavity
varnish was used in order to obtain an accurate appraisal
of the sealing ability of the amalgam alone. An additional
factor that improves the sealing ability of amalgam is the
formation of corrosion products between the material itself
and the dentine wall over a period of time.46 Tronstad et al.
(1983) found that corrosion products start to occupy the
gap between amalgam and dentine within seven days.8
The generation of corrosion products is however undesirable, especially in the peri-radicular region.9 In the present
study, a high copper non-Gamma 2 Amalgam was used
because it undergoes minimal corrosion.47
ProRoot® MTA was found to have a significantly superior sealing ability to amalgam in the present study. The application of
MTA in endodontics was first investigated in 199315 by Torabinejad, Watson and Pitt Ford (1993) who measured the penetration of Rhodamine B dye in longitudinally sectioned teeth
by confocal microscopy. The results showed that MTA leaked
significantly less than both amalgam and Super EBA (Harry
J. Bosworth Co., Skokie, Illinois, USA).48 Methylene Blue dye
penetration in longitudinally sectioned samples was not significantly different when the root-end fillings of amalgam, Super EBA, IRM and MTA were tested, either with or without
blood contamination.42 Furthermore, MTA was found to have
significantly less dye penetration in the presence or absence
of blood than amalgam, Super EBA or IRM.42
Mineral Trioxide Aggregate was found to have a superior
seal to amalgam and Super EBA by Aqrabawi (2000), when
the penetration of 1% methylene blue dye was measured
on longitudinally sectioned samples.49 Davis et al. (2003),
measured the linear penetration of Indian ink dye in teeth
that had been decalcified, rendering them transparent.50
Mineral Trioxide Aggregate, Super EBA and amalgam (Tytin, Kerr Corporation, Michigan, USA) were used by Davis et
al (2003) as root-end fillings after the root-end cavities were
irrigated with saline, citric acid or doxycycline. It was found
that amalgam leaked significantly more than MTA and Super EBA, irrespective of the irrigant used, but there was
no statistically significant difference in leakage between
MTA and Super EBA.50 Pereira, Cenci and Demarco (2004)
evaluated the microleakage allowed by amalgam (GS-80,
Southern Dental Industries, Victoria, Australia), MTA, Super
EBA and Vitremer (3M ESPE, St.Paul, Minnesota, USA) by
measuring linear dye penetration in transversely sectioned
apical slices.51 They found that MTA leaked significantly
less than Vitremer and Super EBA, and amalgam leaked
significantly more than all the other tested materials.51 The
present study concurs with other dye penetration studies in
the finding that amalgam displays significantly more microleakage than ProRoot® MTA.37
BiodentineTM and MTA PlusTM are relatively new calcium
silicate materials. The current study is the first to investi-

gate the sealing ability of MTA PlusTM as a root end filling.
Kokate and Pawar (2012), compared the efficacy of the
marginal seals of BiodentineTM, MTA and glass ionomer
cement in root-end fillings, by examining the penetration
of 1% Methylene blue in longitudinally sectioned samples
with stereomicroscopy.52 It was found that BiodentineTM
displayed significantly less leakage than MTA and glassionomer cement, with glass-ionomer cement exhibiting
the most microleakage.52 Ravichandra et al. (2014) examined the marginal adaptation of BiodentineTM, MTA and
glass-ionomer cement as root-end fillings by measuring
the area stained by Rhodamine blue dye in transverse
sections using confocal laser scanning microscopy.53
The study revealed that BiodentineTM showed the lowest
marginal gaps and the best marginal adaptation, followed
by MTA. The largest marginal gaps were found with glassionomer cement. The results of the present study differ from
those of Kokate and Parwar (2012)52 and Ravichandra et al.
(2014),53 for no significant differences were found between
the sealing abilities of BiodentineTM and MTA. A possible reason for the different outcome could be related to the sample
size of the previous studies. Both used a sample size of 10
specimens per group while in the present study, 30 specimens were used per group. Other possible differences may
be attributed to the fact that different types of dyes were
used. Furthermore, Kokate and Pawar (2012) sectioned their
specimens longitudinally while in the present study, specimens were sectioned transversely.52 Another possible factor
is that Ravichandra et al. (2014) used confocal laser scanning
microscopy to assess the specimens while in the present
study stereomicroscopy was used.53
The phenomenon of hydroxyapatite formation over MTA,
MTA PlusTM and BiodentineTM when immersed in simulated
body fluids such as PBS is well documented.24, 34 In the
present study the specimens were stored in PBS-moistened gauze after placement of the retrograde fillings. A
suggested hypothesis is that the bioactivity of the calcium silicate cements during storage possibly improved
their sealing ability due to chemical bonding of hydroxyapatite crystals to the radicular dentine.24 Amalgam does
not bond to dentine, and is reliant for its retention on the
preparation of an undercut in the root-end cavity.7
In the clinical scenario, MTA PlusTM and BiodentineTM may
have certain advantages over ProRoot® MTA. MTA PlusTM
mixed with anti-washout gel would prevent the loss of the
material from the root-end cavity when the surgical site is
rinsed, or when blood flow resumes. This would probably
improve the sealing ability of MTA PlusTM, as more filling material would be retained within the root-end cavity. Due to the
addition of the setting accelerator, calcium chloride, BiodentineTM reaches an initial set within 12 minutes. This allows the
operator to visually observe that the root-end filling material
has set prior to closure of the surgical site. This would not be
possible with MTA PlusTM or ProRoot® MTA due to the significantly longer setting times of these materials. Further studies
are indicated to verify the advantages that MTA PlusTM and
BiodentineTM may have over ProRoot® MTA, with regard to
sealing ability when used in-vivo.

CONCLUSIONS
Within the limitations of the present study the following
can be concluded:
1. Calcium silicate cements showed a significantly better
sealing ability than Permite Amalgam when used as
root-end filling material (p<0.001).
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2. There was no significant differences in the sealing abili-

ties of White ProRoot® MTA, MTA Plus and Biodentine™
(p<0.001).
3. Based on the findings of the present study, amalgam
should be regarded as unsuitable for use as a root-end
filling material.
4. Based on the findings of the present study, calcium silicate cements should be recommended as the material
of choice for root-end filling.
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