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Abstract

Background

The main cause of pulpal and periradicular pathosis are microorganisms and their by-products
in the root canal system. These have to be eliminated to promote healing. Because it’s
impossible to achieve a bacteria-free root canal an additional goal of endodontic therapy is to
seal the root canal system from the outside environment. Today the standard method for
filling the root canals are a combination of a core material and a root canal sealer, usually
gutta-percha and epoxy resin sealer. Sometimes periapical healing is not achieved even after
conventional root canal treatment, if retreatment is not an option or failed, surgical endodontic
treatment is indicated. Through retrograde approach the surgery comprises elimination of
pathological tissue, root resection, preparation of root-end cavity and placement of a root-end
filling material. For many years amalgam was considered to be a suitable material for root-
end fillings, but today MTA (Pro Root MTA, Dentsply Tulsa, Dental, Tulsa, OK, USA) is the
gold standard, and has been associated with high success rates.

Recently a new dentine replacement material Biodentine (Septodont, Saint-Maur des Fossés,
France) has been introduced on the marked. Biodentine (BD) has shown to have similar
biocompatibility and bioactivity as MTA, and because BD has shorter setting time than MTA,

it should be considered an interesting alternative.

The only leakage tests done on BD are glucose leakage and dye leakage, which have shown
promising results for BD, but no research has been published on the bacterial leakage of BD

when used as a retrograde filling.

Aim
The aim of this study was to compare the bacterial leakage in single canal roots when either
BD or MTA was used as a root-end fillings material.

Results

There were pre-test failures in BD, MTA, AHPIlus and positive control groups, reducing the
number of samples. The positive control leaked in 2 days and there was no leakage in either
of the negative control samples. The proportion of leaking samples (in 60 days) were 6/6 and
4/5 for BD and MTA, respectively. The mean number of days (+/- SD) for the resistance of
the leakage were 4.3 (+/-1.9) and 14.0 (+/- 22,0) for BD and MTA, respectively. The mean



OD600 values were 1.9 and 1.2, for BD and MTA, respectively. None of these differences

between the BD and MTA groups were statistically significant.

Conclusion

Due to the weak power of the present study, it could not show any statistically significant
difference between the tested materials, but there was a clear trend showing better sealing
ability for MTA compared to BD. As long as there are no studies to indicate at least as good
in vitro sealability for BD as shown previously for MTA, the clinical use of BD as a root-end

filling material is not warranted.



Bacterial leakage in ex vivo teeth after apicoectomy using two
tricalsium silicate-based cements as root-end filling materials

Introduction

The main cause of pulpal and periradicular pathosis are microorganisms and their by-products
in the root canal system (Kakehashi et al 1965). Microorganisms must be eliminated from
infected root canal to promote healing. Several studies have shown that it is impossible to
achieve a bacteria-free root canal space in all cases, even after thorough cleaning, shaping and
irrigation with disinfectants and antiseptics (@rstavik et al 1991, Peters et al 2002). Therefore,
an additional goal of endodontic therapy is to seal the root canal system from the outside
environment with an obturation material and entomb any residual microorganisms, preventing
periradicular tissues from the ingress of bacteria or their by-products (Sundquist & Figdor
1998).

Standard methods for filling the root canal system are combinations of core material, which
usually is gutta-percha (GP), and root canal sealer. The sealer will fill voids and minor
discrepancies between the GP and the root canal wall. The epoxy-based sealer is one of the
most used sealers and has been used for more than 40 years. Epoxy resin sealers have good
mechanical and sealing properties, no expected effect on general health, allergic reaction are
rare and the antimicrobial properties are good (Schmalz & Hgrsted-Bindslev 2010). Coronal
leakage is a clinical phenomenon implicated in all steps of endodontic therapy and it may lead
to treatment failure. To avoid treatment failure it is important that the endodontic filling
materials have the qualities needed to prevent leakage. To assess and compare the materials,
one can do various tests to investigate for leakage and most of them are performed in vitro
and include dye penetration, fluid perfusion test and bacterial leakage model (Wu &
Wesselink, 2003).

Surgical endodontic treatment is indicated as a complementary procedure when the
conventional endodontic treatment failed or when retreatment with orthograde approaches are
technically difficult or impractical. Through retrograde approach the surgery comprises
elimination of pathological tissue, root resection, preparation of root-end cavity and

placement of a root-end filling material (Velvart 2010).



The apicoectomy is performed by raising a flap, removing bone and curettage of the soft-
tissue lesion to get surgical access to the apical part of the tooth. The 2-3 mm (Gutman &
Harrisson, 1991) tip of the root has to be cut to get a convenient access to the root canal for
the apical instruments and to remove bacterial organisms in the accessory canal and delta. The
cut must be done with an angle of 0-10 degrees (Kim & Kratchman, 2006), to reduce the
number of exposed dentinal tubules, since the tubules can serve as pathway for bacteria. The
root-end cavity is then sealed to prevent leakage of tissue fluid to the root canal space and an
eventual bacterial leakage from the root canal to periapical tissue. The best outcome of
apicoectomy is achieved by apical cavity preparation with a root-end filling. Studies has
shown that teeth treated with a root-end filling materials had significantly better healing
(96%) than teeth treated only with smoothing of the orthograde GP root filling (52%)
(Christiansen et al, 2009). In a study done by Molven et al (1996) it was shown that 92% of
the teeth with periapical surgery without a root-end filling, had incomplete healing.

The materials that have been used as retrograde fillings are amalgam, Intermediate
Restorative Material (IRM), Super Ethoxy-Benzoic Acid (Super-EBA) and Mineral Trioxide
Aggregate (MTA). For many years amalgam was considered to be a suitable material for root-
end fillings, but Dorn & Gartner (1990) showed that Super EBA and IRM had a higher
success rate than amalgam, and they are more tissue-tolerant (Song & Kim, 2012). Today
MTA is considered to be the gold standard for root-end fillings and it has been associated
with high success rates in clinical trials (Torabinejad et al 1995, Fischer et al 1998, Chong et
al 2003)

Recently, a new dentine replacement material Biodentine (BD) has been introduced. It
consists of a powder component and a liquid component. The powder component mainly
consists of tricalcium silicate, with the addition of CaCO3 and ZrO,. The liquid component
has calcium chloride (CaCl,), as setting accelerator, in a water reducing agent (Laurent et al
2008).

The producer claims that the product can be used as a dentine replacer both in the crown and
in the root. This includes temporary enamel restorative material, permanent dentine

restorative material, restoration of deep and/or large coronal carious lesions (sandwich



technique) and deep cervical and/or radicular lesions, pulp capping and pulpotomy, in
addition to repair of root perforations, furcation perforations, perforating internal and external
resorption, apexification and root-end filling in endodontic surgery (retrograde filling)
(Septodont, data on file 2014)

It has been shown that BD has similar biocompatibility and bioactivity as MTA (Laurent et al
2008). Because of its bioactivity BD is considered as a suitable material for direct pulp
capping. In pulp cells from mice BD caused differentiation into odontoblast-like cells and
stimulated biomineralization (Zanini et al 2012). Human dental pulp capped with BD or
MTA, both showed complete dentinal bridge formation and absence of inflammatory pulp
respons in the majority of the specimens (Laurent et al 2011, Tran et al 2012, Nowicka et al
2013). Studies done on the effects of BD on dentine surface show formation of tag-like
structures just beneath the interface (Han & OKkiji, 2011, Atmeh et al, 2012). Because BD also
has a much shorter setting time than MTA, it should be considered an interesting alternative

for MTA in both pulp capping and as a root-end material after apicoectomy.

When MTA and BD are exposed to endodontic irrigants like NaOCI, chlorhexidine and
saline, they lose much of the push-out bond strength (Guneser et al 2013). The same
phenomenon has been shown after the removal of the smear layer (EI-Ma‘aita et al 2013),
which will negatively influence BD’s use as a root filling material. BD has shown a high
wash-out effect and low durability when tested as a posterior restoration, and consequently it

is recommended to use in sandwich-restorations only (Koubi et al 2012, Grech et al 2012).

The root-end filling materials have been ranked according to their ability to resist bacterial
leakage as follows: MTA > IRM> amalgam (Fischer et al, 1998). The inferiority of amalgam
in this respect is clearly reflecting also the clinical outcome, as MTA and IRM have been
shown to yield clearly the best clinical success, speaking for the importance of the sealing
ability of the root-end filling material (Chong et al, 2009).

The in vitro micro leakage of BD has been shown to be less than that of zinc oxide eugenol by
glucose leaking method (Wang et al, 2012). In cervical cavities Raskin et al (2012) found less

dye leakage with bonded BD, compared to a light cured glass ionomer (GI). With the glucose



leakage method Koubi et al (2012) could not find any significant difference in leakage

between BD and a light cured GI.

No research has been published on the bacterial leakage of BD when used as a retrograde
filling. The aim of this study was to compare the bacterial leakage in single canal roots when

either BD or MTA was used as a root-end filling material.

Materials and methods

A total of 30 single-rooted human teeth, extracted for reasons not linked to this study, were
selected and stored in 1% ethanol. Calculus, soft- and hard tissue remaining on them was
removed with periodontal scaling instruments. The crowns were removed under water cooling
using a diamond burr with a diameter of 0,8 mm (1SO 310204107002008, Komet, Rock Hill,
USA) mounted on a turbine, leaving the root 10 mm in length (Fig. 1A-B).

All roots were inspected with a dental operating microscope (G6, Global, St. Louis, MO,
USA) under x12.8 magnification for the presence of cracks, two or more canals, accessory
canal openings coronal to the apical 2 mm, caries or other damages on the root, in which case

they were discarded.

The working length was determined by introducing a small K-file through the apex, and
withdrawing it Imm. The ProTaper NiTi rotary files (Dentsply/Maillefer, Ballaigues,
Switzerland) and stainless steel K-files (Dentsply/Maillefer) were used for the preparation of
the canals up to size # 60 (Fig. 1C). Sodium hypochlorite (0.5% NaOCI) was used for the
irrigation of the root canal after the use of each file. The roots were rinsed with 3 ml of 17%
EDTA for five minutes to remove the smear layer (Saleh et al 2004). The roots were then

again stored in 1% ethanol until they were autoclaved.



Figure 1. Laboratory procedures. A) Measuring of the apical 10 mm. B) Cutting of

the apical 10 mm. C) Preparation of the canal. D) Two-chamber system.

Six roots were randomly selected to receive a standard endodontic obturation with GP using
lateral condensation technique. GP cones (#60) and spreader size A, and AH Plus sealer
(Dentsply/Maillefer) were used. These roots were kept for 24 hours in sterile saline at 37°C to

allow the sealer to set.

In order to get a maximum bacterial challenge, but yet a physical barrier to the root-end
filling, 24 roots were filled with GP cone #60 using single-cone technique, but without any

sealer.

The apicoectomy was simulated by cutting the apical 2 mm of the roots (Gutmann & Harrison
1991) with a diamond fissure burr size 1.0 mm (Komet) using sterile saline for cooling.

The root-end cavities were prepared to a depth of 3 mm with a tungsten carbide fissure burr
with a diameter of 0.8 mm (Komet), parallel to the canal, leaving a 3 mm deep root-end cavity

free of GP. Sterile saline in a syringe was used as cooling.



The 24 roots filled with the single-cone technique were randomly sub-grouped as follows: 10
roots in BD (Septodont, Saint-Maur des Fossés, France) group, 10 roots in MTA (Pro Root
MTA, Dentsply Tulsa, Dental, Tulsa, OK, USA) group, 2 roots in a positive and 2 roots

negative control group.

In the BD and MTA groups the root-end cavities were filled with their respective filling
material using endodontic pluggers, fitting into the root-end cavity. The MTA was mixed
according to the manufacturers manual. The BD was also mixed according to manufacturers
instructions but the consistency of the material was too dry to work with, hence-it was added a
few more drops of the liquid until the appropriate consistency was achieved.

The six roots filled with lateral condensation, were randomly assigned to three groups
consisting of two roots each: one was filled with MTA, the second with BD and in the third

group the root-end cavities were left empty (Fig. 2).

Aseptic techniques were maintained throughout the entire procedure. All the specimens were

kept in sealed tubes with sterile saline for 48 hours at 37°C to allow the root-end filling to set.
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Figure 2. Schematic drawing of the groups in the experiment. 1) Root + GP, before apicoectomy. 2) BD group:
GP + BD (N=10). 3) MTA group: GP + MTA (N=10). 4) Control group: GP+ BD+ AH plus (N=2). 5) Control
group: GP+ MTA+ AH plus (N=2). 6) Control group: GP+ AH plus (N=2). 7) Negative control (N=2). 8)

Positive control (N=2)
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The two-chamber method described by Torabinejad et al (1990) and modified by Saleh et al
2008 was used. The tip of the 15 ml polyethylene tubes were cut off to accommodate

the coronal ends of the specimens. The specimens were attached with sticky wax (Kerr,
SpofaDental a.s.) to the tubes that served as a bacterial reservoir, leaving 2-3mm of the
coronal part of the root uncovered. The mounts were tightly sealed with sticky wax to sterile
40 ml polyethylene tubes containing 8 ml of sterile trypticase soy broth (TSB; Oxoid Ltd,
Basingstoke, UK). The apices extruding from the polyethylene tubes were soaked vertically 2
mm into the broth (Fig. 1D and Fig.3). In the negative control group the roots were

completely covered with wax and in the positive control group the root-end cavities were left

empty (Fig. 2).

]
&~

No leakage Leakage

Figure 3. Schematic drawing of the 2-chamber method used. 1) Upper chamber with trypticase soy broth
containing E. faecalis. 2) Lower chamber. 3) Root. 4) Wax. 5) Turbidity

Three ml of 72 hours culture of American Type Culture Collection of Enterococcus faecalis
(ATCC 29212) strain in TSB was added to each upper chamber. Each mount was kept at 37°C
throughout 60 days or until the last leakage occurred. The bacterial suspension in the upper
chamber was replaced with 3 ml fresh culture every 4™ day. To discover a bacterial leakage
the bottom chambers were inspected every second day for turbidity. On observation of
turbidity, the day of leakage was recorded for each leaking sample and the number of leaking

samples was recorded per group. Thereafter the cap of the lower chamber was removed and 1

12



ml of the suspension from the this chamber was used for optical density (ODggo)
determination (Ultrospec 2000, Pharmacia Biotech Ltd, Cambridge, UK), followed by colony
identification plating. The plates were incubated at 37°C for 24 hours, and thereafter

inspected for uniform appearance of the colonies to rule out any contamination (Fig. 4).

Figure 4. Uniform bacterial colonies

Student’s t-test was used to analyse the difference in OD-values and the statistical difference
in mean time to resist the leakage (survival) between the two groups. A p-value of <0.05 was
to be considered significant.

13



Results

Table 1. Proportion of the samples that leaked during 60 days, and the mean OD-values of the lower chambers

of the leaked samples by each group.

Group Original | No. of samples | Final No. of [Proportion| Mean OD- Mean days of
No. of | excluded dueto | samplesto of the | values of the | survival before
samples [ pre-test failure follow up | samples leaked leakage (SD)
leaked in samples
60 d
BD 10 4 6 6/6 1,949 4,33 (2,07)
MTA 10 5 5 4/5 1,244 14,0 (22,0)
AH Plus/BD 2 1 1 1/1 2,336 2
AH Plus/MTA 2 1 1 1/1 1,273 2
AH Plus only 2 1 1 1/1 2,287 2
Neg. ctr. 2 0 2 0/2 - -
Pos.ctr 2 1 1 1/1 - 2

Statistical evaluation with Student’s t-test
Mean survival time (days): MTA vs. BD, p>0.05
Mean ODgq value: MTA vs. BD, p>0.05

Already after a few hours some of the samples showed leakage of the entire upper chamber

content to the lower chamber. As this happened in all groups, these empty upper chambers

were regarded as pretest failures and were excluded from the study. See details in Table 1.

All the samples that leaked showed a turbid lower chamber that was confirmed by OD-value

measurements, ranging from 0,292 A to 2,385 A. There was no significant difference between
OD-values from the BD group and the MTA-group (Table 1).

The MTA group resisted the bacterial leakage longer then the BD group. The last two BD

filled roots leaked on the seventh day, giving a mean value of 4,3 days. The second last last

MTA root leaked on the 47th, giving a mean leakage value of 14 days. The statistical

difference between these two groups was not significant (Table 1).

14




All samples of bacterial identification plating showed a uniform colony characteristic to E.

faecalis (Fig. 4).

The negative control group did not leak at all. The positive control group which was expected
to leak due to no retrograde filling suffered one pretest failure. The remaining sample showed
a leakage after 3 days. The three different groups in the AH+ control group lost one sample

each to pretest failures, leaving only one sample in each group.

Discussion

The clinical relevance of leakage tests done in vitro has been criticized (Wu 1995, AliGhamdi
& Wenneberg, 1994). Dye leakage studies can give a false positive reading if their molecules
are small enough, and it has been shown that air bubbles may prevent dye penetration
(Goldman et al 1980). A bacterial leakage model was developed to overcome the limitations
that dye leakage studies have. Bacteria perform better than dye in testing for leakage of
hydrophilic materials, but it is not known if the result of bacterial leakage test in vitro may be
transferred to in vivo conditions because the state of bacteria, lipopolysaccharides and
immunological factors in an inflammatory process can’t be reproduced in in vitro studies
(Torabinejad et al, 1990, Barthel et al, 1999). The bacterial species E. faecalis was chosen for
this study because they are a part of the normal flora in humans, and it has been reported that
they are one of the major pathogens of post-treatment apical periodontitis, with a reported
prevalence of 29-77% (Sundquist & Figdor, 2003).

There may be many different reasons for why the samples leaked so quickly, many of them
pointing to methodological errors. The teeth used in this experiment had been stored in 70%
ethanol for several months. This may have influenced the structure of the teeth thereby

affecting the end-result of the experiment in unknown ways.

When cutting the apices and preparing the retrograde cavity, the cones loosened quite easily
from the root canal. The cause was most probably the lack of coronal restoration holding the
GP-cone in place. This may have influenced the condensation of the BD and MTA against the
GP when doing the retrograde filling. The same problem occurred in the AH Plus-control
group, even though these roots were obturated with sealer, accessory cones and lateral

condensation.
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According to the instructions from the manufacturer, one capsule with BD-powder is
supposed to be mixed with 5 drops of liquid for 30 seconds in a capsule mixer. When
following these instructions the BD got a dry, sand-like consistency which was difficult to
use. Hence more liquid was added to get the wanted consistency, mixed by hand. This may

also be a source of methodological error, as the consistency is difficult to standardize.

The manufacturer indicates that during the initial setting time of 10 minutes, BD should not
be in contact with water or liquid. The roots treated with BD were put directly in saline water
to avoid the roots from drying. This also simulates a clinical situation where the wound is
closed as soon as possible, exposing the material to body fluids. This might have affected the

setting reaction of BD.

There were three different operators, therefore individual variations in the quality of the
retrograde filling could have influenced the results. The compaction of the MTA and BD may

have been different, not only between roots but between operators as well.

A possible methodological error explaining the pretest failures could be that the tubes in the
two chamber system were cut inappropriately, resulting in a distance too large between the
upper chamber and the root for the wax to cover. The handling of the wax may also not have
been satisfactory. There might have been too little wax between the upper chamber and the
root, or the wax was too fixed when applied to the gaps. There were three different operators
setting up the two-chamber systems, this may have lead to different quality of the systems.

The main result of this study was not statistically significant, though MTA showed longer
survival time (14.0d) against the bacterial leakage, compared to BD (4.3 d). The lack of
statistical significance is explained by small amount of samples, which became even smaller

due to pretest failures.

In conclusion, due to the weak power of the present study, it could not show any statistically
significant difference between the tested materials, but there was a clear trend showing better
sealing ability for MTA compared to BD. As long as there are no studies to indicate at least as
good in vitro sealability for BD as shown previously for MTA, the clinical use of BD as a

root-end filling material is not warranted.
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