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CHAPTER |
INTRODUCTION

Background and Rational

Furcation perforation is one of the most common errors during root

canal treatment and post space preparation which creates bacterial

communication between root canal system and periodontal tissue. This could

cause root canal system infection by periodontal bacteria, periodontal tissue

infection by root canal bacteria or both, followed by endo-perio lesions which

jeopardizes treatment outcome and prognosis of the tooth (1). The other

concern of existence of communication is sodium hypochlorite accident during

root canal irrigation. Therefore, immediate repair is needed to ensure the best

prognosis.

Currently, Mineral Trioxide Aggregate (MTA) is the most popular

furcation repair material due to its superior properties such as good

biocompatibility (2, 3). However, MTA has disadvantage of very long setting time

(4) and hence one-visit treatment was almost impossible. Many investigators

are searching for permanent filling materials that can be placed over MTA

without interfering with its setting properties for one-visit furcal perforation


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiasPKUiJzKAhXBWI4KHfn0DBkQFggxMAI&url=http%3A%2F%2Fwww1.umn.edu%2Fperio%2Fdent6613%2FPerio_Endo.pdf&usg=AFQjCNERPNBcMruUAyCr32Cg3qJPJwU9fQ

repair. Nandini et al. (5) reported that placement of Glass lonomer Cement

(GIC) 45 minutes after placing White Mineral Trioxide Aggregate (WMTA) did not

interfere with MTA setting and calcium salt was formed in the interface of both

materials. Nonetheless, in some clinical situations such as inflammation, pus,

bleeding or serum contamination can interfere with WMTA setting. In an

inflamed environment, MTA is applied into acidic tissue condition. Saghiri et al.

(6) found that lower pH compromised sealing ability of WMTA as a root-end

filling material.

Recently, Septodont introduced a new dentine substitution material

developed for many purposes such as dentine substitute under a composite

filling, direct pulp capping material (7) and also as endodontic repair material.

Biodentine (Biodentine™, Septodont, Saint Maur des Fossés, France) is a

tricalcium silicate based material which reported to have biocompatibility

similar to MTA and other Portland cements (8). However, Biodentine has only

6-12 minutes setting time (9) instead of 165+5 minutes that is of MTA (4). From

this outstanding advantage, Septodont claimed that Biodentine can be used as

repairing material. However, long-term clinical success of this novel material

has not yet been reported.



Perforations usually expose the periodontal tissue containing tissue

fluid and blood. This could result in decreased sealing ability between repair

material and dentine. Although the study by Chong et al. (10) showed that

clinical success of MTA was satisfied, Maltezos et al. (11) reported that all

materials showed leakage including MTA, the repairing material widely used

nowadays. This leakage could affect long-term prognosis due to

communication for bacterial transmission between root canal system and

periodontal tissue. Sealing ability under blood contaminated circumstance of

Biodentine, a new material claimed by manufacturer for good repair ability has

not been studied. Therefore, this study aims to investigate the porosity and

marginal adaptation of Biodentine in presence of blood contamination

compared to MTA.

Objectives

The purpose of this study was to compare porosity and marginal

adaptation to dentine of Biodentine and MTA in the presence and absence of

blood in simulated furcation perforation cavities using microcomputed

tomography (micro-CT).



Scope of study

This in vitro study was performed in simulated perforation cavity on

human teeth. Micro-CT was used to measure perforation cavity volume, repair

material volume and porosity of repair material. Marginal adaptation was

undertaken as gap volume which was calculated from the difference between

cavity volume and material volume.

As previously mentioned, superior property of Biodentine is shorter

setting time which could decrease number of dental visits, while it can maintain

other beneficial properties of MTA. The results of this study will help

elucidating the potential of Biodentine as an alternative to MTA in perforation

repair by comparing marginal adaptation and porosity of Biodentine to MTA in

blood contaminated condition. Porosity relates with mechanical properties of

materials (12). This will elucidate whether of blood contamination in

perforation affects material properties.



CHAPTER Il
LITERATURE REVIEW

Root perforation

Root perforation is an artificial communication between root canal

system and supporting tissues of teeth or oral cavity (13). Often these situations

occur iatrogenically from misdirection of instrumentation especially from rotary

instruments e.g. burs, Gates Glidden drills, during access preparation, canal

localization (14), negotiation of curved canal, strip perforation on danger zone

(15) and post space preparation.

Root perforation is one of the causes of endodontic failure (16). Recent

study reported that perforations played part in mid-treatment complications

which decrease success rate from 84% to 69% in conventional cases (17) and

87% to 56% in retreatment cases (18). Prognosis is based on factors contributing

to prevention and cessation of bacterial transmission at the perforation sites

including location, size, timing to closure of perforation and sealing ability of

repair materials (13, 19, 20). Early detection and repair prevent breakdown of

periodontium and further formation of endo-perio lesion which could

complicate prognosis. Furthermore, good bacterial control and adequate seal



play important role on long-term prognosis. Proper selection of repair material

is also influence the prognosis despite early detection and immediate closure.

Materials used for reparation are amalgam, Glass lonomer (19), IRM, Super EBA

and MTA . Currently, MTA is the most generally accepted furcation repair

material because of its physical properties and biocompatibility (21).

Mineral Trioxide Aggregate (MTA)

MTA composition is similar to Portland cement used in construction

industry except for bismuth oxide. MTA had been first introduced in dentistry

by Torabinejad in 1993 (22) and gain popularity in endodontics especially for

repairing propose due to its superior properties; good sealing ability,

biocompatibility (22), ability to set in moisture (4), induce periodontal repair

and cementogenesis (23).

Chemical properties

MTA sets through hydration process (figure 1). When tricalcium silicate

and/or dicalcium silicate particles react with water, it will form nanoporous

amorphous calcium silicate hydrated (CSH) gel (Ca0.2Si0O,.3H,0) which increase

to the saturation point surround non-reacted molecule. Calcium hydroxide (CH)

(Ca(OH),) crystals are also formed and fulfil CSH gel porosity as it grows stronger



(24). Owing to formation of calcium hydroxide, MTA has high alkalinity after
hydration which resulted in its anti-microbial activity. Because of hydration

reaction, MTA is considered hydrophilic (4).

2(3€a0-8i0,) + 6H,0 — 3Ca0-28i0,-3H,0 + 3Ca(OH),

CsS CSH
2(2Ca0-8i0,) + 4H,0 — 3Ca0-2510,-3H,0 + Ca(OH),
C.S CSH

Figure 1: Hydration process of tricalcium silicate and the dicalcium silicate.

(24)

Camilleri et al. (24) studied cured WMTA cement. They founded that in

situ hydrations product of calcium silicate hydrate (ip) and unhydrated residual

of cement (bright grains) was confined within original particle bound

surrounded by undifferentiated product of calcium silicate hydrate (op) and

calcium hydroxide (CH, white amorphous) which area was originally occupied

by water when the paste was first mixed (figure 2).

Figure 2: Hydrated white Portland cement (SEM) (24).

7



There are many studies about MTA chemical composition. Parirokh and

Torabinejad (4) reviewed comprehensively on these studies and suggested that

results of chemical composition of MTA are varied may be due to differences

in equipment or preparation criteria used in experiments (such as different

liquid used (25) ). Two types of MTA are mainly in the market; Gray Mineral

Trioxide Aggregate (GMTA) and White Mineral Trioxide Aggregate (WMTA). Both

of them contains tricalcium silicate and bismuth oxide but GMTA contains

higher amount of dicalcium silicate and more iron, aluminum and magnesium

than in WMTA (26). Cement particle size is varying between <1 um and 50 pm

(average 30 um). Bismuth oxide particle size is around 10-30 pum (24).

Figure 3: MTA particles (27)



Physical Properties

Setting time, porosity, flexural and compressive strength, micro-

hardness, bonding to materials, expansion and solubility of MTA have been

extensively studied. Several factors influence MTA’s physical properties. These

factors are water-to-powder ratio (28), environment humidity (29), pH (6), mixing

method (4) and condensation method (30).

MTA setting time is about 165+5 minutes in the water-to-powder ratio

of 1:3, which is the manufacturers’ recommendation for clinical uses (28). Islam

et al. (31) reported initial setting time of WMTA was 40+2.94 minutes and GMTA

was 70+2.58 minutes and final setting time of WMTA was 140+2.58 minutes

and GMTA was 175+£2.55 minutes. GMTA has higher amount of dicalcium

silicate, which has slower hydration rate (32). This could explain longer setting

time of GMTA compared with WMTA.

Torabinejad et al. (33) founded that compressive strength of MTA is

significantly lower than amalgam, IRM, Super EBA in the first 24 hours, but there

is no different from IRM or Super EBA after 3 weeks. Solubility rate of MTA was

found to be high in the first observation day, but it decreased exponentially in

the 1, 3,4,5,7,9, 20 and 28 days (34). Porosity was found to be related with
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amount of water (35), air entrapment (36, 37) and acidic pH value (12). By

increasing of these factors will increase porosity of MTA.

Chng et al. (38) found MTA has setting expansion, in particular WMTA

has greater setting expansion than GMTA. This could explain high sealing ability

of MTA when compare with other materials. Torabinejad found that MTA has

no apparent visible gap whereas amalgam, super EBA and IRM present gaps

sized 4.8+5.65, 6.31+5.57 and 8.37+4.61 micron, respectively (39).

Drawbacks of MTA

The drawbacks of MTA include long setting time, discoloration

potential, presence of toxic elements in the material composition, water-to-

powder ratio is sensitive to material properties, difficulties on manipulation and

application, high material cost, absence of a known solvent. MTA removal after

setting is difficult (40).

Cavenago et al. (28) found that water-to-powder ratio significantly

affected MTA (white MTA Angelus) physically and chemically. More powder was

more radiopacity, lower setting time, lower pH and lower solubility. Fridland

and Rosado (35) studied MTA solubility in 78-day period found that MTA

solubility was highest at the beginning. Higher water-to-powder ratio increase
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solubility at all time points (1, 2, 5, 9, 14, 21, 30, 50 and 78 days). Mixing MTA

manually cannot archive optimum ratio in every mixing.

Setting time is the biggest concern of clinical uses. Dentists cannot

continue their work instantly after applying MTA. Although literature suggested

that GIC can be placed over MTA after 45 minutes (5), but ideally MTA setting

should be confirmed and MTA should be replaced in case of incomplete setting

(41).

Many researchers are trying to overcome these drawbacks of MTA. Many

additives are added to improve MTA properties. Calcium chloride was used to

reduce setting time (42). Superplasticizer was used to decrease water portion

in the mixture to improve physical properties (43). Pre-capsulation of the

mixture was done for ease of manipulation. Purity of mixture was to control

setting reaction.

Calcium chloride

In construction industry, calcium chloride is added into Portland

cement as hydration process accelerator (42). This is also applied to dental

Portland cement (44d). Acceleration of CSH crystal formation by calcium

chloride is dose dependent. Calcium chloride increases ionicity which promotes

11
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crystallization (42). Calcium chloride concentration at 15% reduced initial

setting time from 90 minutes to 50 minutes and 180 minutes of final setting

time to 90 minutes. At 20% of concentration initial setting time and final setting

time increased to 85 and 130 minutes, respectively. Structural porosity reduced

as concentration of calcium chloride increased and reached maximum density

at 10% concentration. However, porosity increased as concentration of calcium

chloride increased beyond 15%. X-Ray Diffraction (XRD) analysis found that

increased concentration of calcium chloride reduced calcium hydroxide

originated from the reaction and lowered pH from 11 to 10.5 at 48 hours.

Maximum compressive strength is also increased 4 times at 10% calcium

chloride concentration then began to decrease with a further increase in

calcium chloride concentration beyond 10%. (44)

Superplasticizer

Superplasticizer, a water-reducing agent, enhances precipitation

process. Superplasticizer, acts as surfactant, creates negative charge on surface

of cement particles. From this mechanism, particles were dispersed allowing

water molecules to surround them easily and gives better wet-ability of

12
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material. Adding of polycarboxylate superplasticizer into Portland cement will

increase flowability significantly and dose-dependently (43).

From MTA’s drawbacks, several materials were developed and

launched into the market to fulfil ideal repair material properties such as

Biodentine (Septodont), CEM cement (BioniqueDent), Biosealer (Isasan), DiaRoot

and BioAggregate (Innovative BioCeramix). Biodentine is the material of interest

for this study as a furcation repair material because of its properties and

availability in Thailand.

Biodentine

Biodentine was invented by Septodont, France. Biodentine is

considered as a calcium silicate based material which is the same as MTA. MTA

and other silicate based materials are derived from natural Portland cement

which are not purified. Those materials are composed of dicalcium silicate (C.S,

2Ca0.Si0,) and tricalcium silicate (CsS, 3Ca0.SiO,), tricalcium aluminate

(3Ca0.ALL,Os3), calcium aluminoferrite (4Ca0.Al,03.Fe,03), calcium sulphate

(Ca(SO)q or gypsum) and other metal compounds. Septodont researchers

attempted to make purified calcium silicate material by using active biosilicate
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technology to control manufacturing process. This new material is pre-

proportionally measured and delivered pre-capsulated.

Table 1: Biodentine and MTA composition

Biodentine composition (9)

Powder Liquid

Tricalcium silicate (3Ca0.Si02) - Main core material ~ Water

Dicalcium silicate (2Ca0.SiO2) - Second core material Calcium chloride (CaClz) - Accelerator
Calcium carbonate and oxide (CaCOs, CaO) - Filler Polycarboxylate hydrosoluble polymer —
Iron oxide (Fe20s) - Shade Water-reducing agent

Zirconium oxide (ZrO2)- Radiopacifier

MTA composition (45)

Powder Liquid
Tricalcium silicate (3Ca0.Si02) Water
Dicalcium silicate (2Ca0.Si02)

Tricalcium aluminate (3Ca0.Al203)

Tetracalcium aluminoferrite (4Ca0.Al203.Fe203)

Calcium sulfate dihydrate (CaSQ4.2H20)

Calcite, bismuth oxide (Radiopacifier), alkali metal

oxides (CaCOs, Bi20s, CaO, MgO)

Alkali metal sulfates (K2SQOs, Na2S04)

Biodentine consists of liquid and powder components. The composition

of powder and liquid is shown in table 1. Core particle in the powder will react

with the liquid only on the surface of the particle to form CSH gel surrounding

non-react particles as shown in figure 5.

Chemical properties

Setting reaction of Biodentine is hydration process, similar to others

silicate based materials. This also made Biodentine hydrophilic. Tricalcium

silicate or Dicalcium silicate react with water to form nanoporous amorphous
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CSH gel which increase to the saturation point surround non-reacted molecule

along with calcium hydroxide crystal filling CSH gel porosity.

Biodentine was made purified. Products are free of aluminate, sulphate,

or ferrate. Particle size was controlled. Although Septodont (9) claimed the

purity of Biodentine yielded from 2 main components, tricalcium silicate and

dicalcium silicate. Camilleri et al. (46) reported that only tricalcium silicate was

detected in Biodentine and no calcium oxides were found in the mixtures.

Faster setting time depends on smaller particle size (more reacted

surface), having calcium chloride as accelerator and lesser liquid contents.

Hydrosoluble polymer, water-reducing agent, is added into mixtures to reduce

viscosity during mixing (47). The material contains lesser water without

compromising mixture characteristic. With minimal water, porosity is also

minimized (35). Moreover, removing gypsum could significantly reduce setting

time (48).

In conclusion, Biodentine have been chemically improved by removing

of gypsum and adding of calcium chloride as accelerator resulted in fast setting.

Rapid setting reaction can be controlled by using of superplasticizer which

make material more workable.

15
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Physical properties

Calcium silicate of Biodentine is synthesized under Active Biosilicate

Technology concept. Calcium silicate of MTA is naturally derived from Portland

cement. Biodentine is composed of purified material to control mechanical

strength and shorter the setting time to overcome MTA drawbacks. Biodentine

gives sufficient mechanical resistance to be used as a dentine substitute. From

its purity and homogeneity particles, setting time was reduced. Setting time of

Biodentine is about 9-12 minutes (9).

Adding of calcium carbonate into the formulae also helps create

nucleation site for CSH, reducing the duration of the induction period so initial

setting could be expected after a few minutes (49).

7 | s

Powder before hydration

a

't

A
74

4

Deposition of CSH

Biodentine™ after setting

H,Si0?

‘ ‘ Ca* O H

CSH

CaOH

Biodentine™ Particle

H,O

2

2(3Ca0-8i0,) + 6H,0 — 3Ca0-28i0,-3H,0+ 3Ca(OH),

CsS

CSH

Figure 4: Setting behavior of Biodentine (9).
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Figure 5: SEM micrograph of Biodentine after complete set. (9)

Advantage of purification is remarkable on reduction of setting time.
Camilleri et al. (50) and Wongkornchaowalit and Lertchirakarn (43) found that
excluding gypsum from the cement reduced setting time significantly.

Superplasticizer, improves consistency and flowability of Biodentine,
improves application and flowability into dentinal tubules (9), increases
compressive strength, which resulted from lower water-to-powder ratio and
decrease of porosity, gives 300 mPa which is about to dentine. Reduction of
exothermic process during hydration process reduce shrinkage which leads to
leakage (43).

Septodont claimed that MTA did not develop any mechanical

resistance even after 1 day. Compressive strength reached half of dentine in 7
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days, approximately 150 mPa. On the other hand, Biodentine yielded 100 mPa

within the first hour and after 7 days, its mechanical resistance reached 250

mPa, almost equal to dentine (9).

Porosity of Biodentine was tested by manufacturer using mercury

intrusion porosimetry at 28 days after mixing. Density and porosity of Biodentine

is not difference from Fuiji IX, but less porosity than MTA. Moreover, testing by

electrochemical impedance spectroscopy found that after initial setting

porosity will decrease (9).

Adding zirconium oxide radiopacifier instead of bismuth oxide, calcium

chloride as accelerator, superplasticizer as water-reducing agent giving better

compressive strength, solubility and porosity, and capsulation for ease of

manipulation are the major changes to improve physical properties of this

novel material.

Biodentine as perforation repair material

Guneser et al. (51) found that Biodentine was suitable for perforation

repair regardless to contamination of various types of irrigant and also found

that Biodentine gives higher push-out bond strength than that MTA does.
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Biodentine showed considerable performance as a perforation repair material

even after being exposed to various endodontic irrigant.

Biocompatibility of perforation repair materials

Perforation repair materials usually contact with periodontium. There

are in vitro (52) and in vivo (53) experiments to assess the biocompatibility of

dental materials. A study on human periodontal ligament (PDL) cell cultures

compared MTA with amalgam and Super EBA indicated that freshly mixed MTA

has lower cytotoxicity potential than Super EBA or amalgam (52). Twenty-four

hours after mixing at a higher extract concentration, MTA showed the least

amount of cytotoxicity of all the tested materials; at a lower extract

concentration, Super EBA showed higher cytotoxicity than amalgam or MTA.

MTA is not mutagenic (54) and non-neurotoxic (55) and does not produce a

side effect on microcirculation (56). Recent study suggested that MTA has

vasoconstrictor property and hemorrhage control, which is critical for the

success of pulp-capping treatment (57).

Biocompatibility of Biodentine found to be similar to MTA. In vitro study

reported that Biodentine and MTA were less cytotoxic than glass ionomer (58).

Hard tissue induction properties of MTA were also noted in Biodentine (8).
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Hydroxyapatite structure was reported in 2 days and osteodentine in 14 days

(59). Dentin bridges from Biodentine and MTA in a human study were thick and

homogeneous with minimal tunnel defects (60).

Recently, clinical Biodentine application in endodontics is only reported

by the manufacturer such as direct pulp capping, Cvek’s pulpotomy, complete

pulpotomy, traumatic pulp exposure, perforations repair, retrofilling, primary

teeth pulpotomy and apexification. Success of these applications was also only

claimed by the manufacturer (9).

Effects of blood contamination

In the majority of endodontic applications, MTA might come into

contact with blood during placement. Blood contamination of MTA resulted in

a lack of acicular crystals, which can explain the reduction in compressive

strength. Nekoofar et al. (41), Jasicki & Zielinski (36) demonstrated the air

entrainment effect of red blood cells when mixed with Portland cement. Many

small air bubbles are incorporated into concrete and become part of the

matrix, resulting in increasing of porosity.

Vanderweele et al. (25) evaluated the resistance to displacement of

WMTA in blood contaminated condition in various of liquid mixed. These
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liquids included; water, anesthetic agent, normal saline. MTA resistance to

fractures reduced in blood contaminated condition regardless of liquid used.

Bonding failure between MTA and dentine was adhesion failure (MTA and

dentine). There will be a decrease in the retention of MTA in the perforated

furcal area in the presence of blood no matter various types of liquids

secondary contaminated.

Kayahan et al. (61) and Namazikhah et al. (12) mentioned about acidic

condition and blood contaminated condition leads to lack of acicular crystals

which resulted in lower of compressive strength and hardness, respectively.

Remadnia et al. (62) found that blood increased porosity in Portland cement

and decreased compressive strength resulted from air entrainment effect.

Blood contamination is a cause for encountering unset MTA at a

subsequent evaluation appointment. If MTA remains unset, it, ideally, should

be replaced. This is one of the most important disadvantages of MTA (41).

Although it was shown that MTA is leaked but its leakage is significantly less

than other materials, either in the presence or absence of blood (63).
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Marginal adaptation

There were many studies concluded that marginal adaptation is

importance in the success of periradicular surgery (64-66) and sealing ability of

perforation repair material to perforated sites is vital to prognosis of perforated

teeth (19).

Terms of marginal adaptation has not been clearly described. Peter and

Peter (65) categorized marginal adaptation into 2 categories. First is continuous

margin which there is no gap visible between root-end cavity wall and filling

material no matter what it is under-filled or overfilled Second is non-

continuous margin where there is gap apparent between root-end cavity wall

and filling material. This study was done by scanning electron microscopic

(SEM) methods.

Correlation was established between marginal adaptation and seal

ability in the several studies. From Shani et al. (67), radioisotope 10 pCi 22Na

infiltration penetration was used for evaluation of seal ability of retrograde

filling materials. This study showed that amalgam has significantly higher

infiltration than Duralon, Cavit-W, zinc phosphate cement and Restodent. The

study of Stabhotz et al. (64), an SEM study, was focusing on marginal
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adaptation. Amalgam had the greatest gap size at 30 um. Duralon and Cavit-W

had the gap size between 8-15 pm. Zinc phosphate cement and Restodent

had 5 ym and 1 um gap size respectively.

Many methods are used to assess marginal adaptation. The methods

include SEM, bacterial leakage, methylene blue dye. Torabinejad et al. (39)

compared marginal adaptation of amalgam, Super EBA, IRM and MTA by using

4-point gap size measurement under SEM found that gap sizes were 4.8+5.65,

6.31+5.57, 8.37+4.61 micron and no visible gap, respectively.

From a bacterial leakage study using Staphylococcus epidermidis to

penetrate a 3-mm thickness of amalgam, Super EBA, IRM and MTA as root-end

filling materials Whereas MTA did not show any leakage throughout 90 days’

experimental period but majority of other samples began to leak at 6-57 days.

(68) Recent methylene blue penetration studies showed 12 to 28 um gap size

between amalgam and dentinal wall in clinically root-end filled extracted teeth

(63, 69). These studies indicated that MTA has good adaptation when compared

with other root-end filling materials.

Sanghvi et al. (70) studied sealing ability of MTA, Biodentine and calcium

phosphate cement as a furcal perforation repair material using methylene blue
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penetration methods. Result given indicted that Biodentine has intermediated
level of anti-leakage property inferior to MTA.

Microcomputed tomography (micro-CT)

In the past, conventional radiography was limited to providing only 2-
dimension (2D) image that represent the summation of material attenuation
along the x-ray path. Computed tomography (CT) had been introduced since
1970s. This is an advance of diagnosis imaging revolutionary. Its procedure
makes up with collection of multiple viewing angles and reconstructs them to
produce 3-dimension (3D) spatial distribution maps of material density within
attenuating material and tissue including teeth. In contrast to 2D imaging, CT
provides 3D reconstructive image which is composed of 1-mm? volume
elements (voxel) (71).

In the early 1980s, micro-CT had been introduced with much better
spatial resolution. It provides smaller voxel size, 5-50 microns, approximately 1
million times smaller than CT. Micro-CT system using microfocal spot X-ray
sources and high resolution detectors, allow for projections rotated through
multiple viewing directions to produce 3D reconstructive image of samples.

The images represent spatial distribution maps of linear attenuation coefficients
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determined by the energy of the X-ray source and the atomic composition of

the material sample (71).

Normally section method is a gold standard of marginal adaptation

assessment. Disadvantages and limitations of sectioning method are that some

tissues disappear when the sections are cut, it provides only a limited number

of sections, it is a destructive method. In contrast micro-CT can produce

continuous image acquisition, gives unlimited number of sections and it is a

non-destructive method (72). Swain and Xue (71) reviewed that micro-CT

provides a noninvasive method to study of enamel thickness and tooth

measurement, analysis of root canal morphology, evaluation of root canal

preparation, craniofacial skeletal development and structure, biomechanics,

tissue engineering, mineral concentrations of teeth and implant and peri-

implant bone. A study by Fridland and Rosado (34) showed that freshly mixed

MTA has significant solubility within initial setting period. Sample preparation

using section method is impossible. Micro-CT scanning is non-destructive

method which does not interfere with initial setting of MTA.

Micro-CT was used widely in biomedical research for bone and teeth

inspection (73) and structure analysis of scaffolds for tissue engineering
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application (74). It was also used in combination with other method for
inspections of mineral concentration level of teeth. Sun et al. (75) used micro-
CT to study polymerization shrinkage and leakage assessments of resin
composite (76) and found that microleakage could be evaluated by 3D micro-
CT reconstructive image analysis and agreed well with those obtained by dye
penetration. Al-Fouzan et al. (77) studied effect of acid etching on marginal
adaptation of mineral trioxide aggregate to apical dentine. This study found
that micro-CT could measure gap volume between MTA and dentin. Gap
volume measured were 0.00596+0.002 mm® and 0.003 66+0.001 mm? for
WMTA and Etched-WMTA, respectively. No significant difference in gap volumes
between WMTA and Etched-WMTA. Gap volumes of GMTA was 0.0536+0.002
mm? and Etched-GMTA was 0.00716+0.004 mm?®. Significant differences in the
gap volumes between GMTA and Etched-GMTA were found at p-value < 0.001.
Therefore, micro-CT seems to be a valid tool for studying porosity and
marginal adaptation of repair material to dentin in perforation repair. It can

provide non-destructive investigation of incomplete set materials.
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CHAPTER IlI
RESEARCH METHODOLOGY

Target Population

Perforation cavities on furcation

Sample

Human lower mandibular molars with simulated furcation perforation cavity

Independent Variables

Blood contamination

Material

Time observed

Dependent Variables

Gap volume and porosity

Control variables

Volume of blood and normal saline, water-powder-ratio of the materials

Confounding Factors

Human error from perforation cavity preparation, pressure used for material

application
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Hypothesis
Hypothesis 1

Ho: In blood contaminated condition, gap volume between dentin wall

and Biodentine is not different from between dentin wall and MTA

Ha; In blood contaminated condition, gap volume between dentin wall

and Biodentine is different from between dentin wall and MTA

Hypothesis 2

Ho; In blood contaminated condition, porosity of Biodentine is not

different from MTA

Ha; In blood contaminated condition, porosity of Biodentine is different

from MTA

Ethical Consideration

Ethical issue was approved by Research Ethics Committee of Faculty of

Dentistry, Chulalongkorn University (HREC-DCU 2014-017) because of using

extracted human teeth and human blood.

Materials

1. Slow-speed diamond saw (Isomet; Buehler, Lake Bluff, IL, USA)

2. No.1.2 round diamond bur

3. No.5 Gates Glidden drill (Dentsply, Maillefer, Ballaigues, Switzerland)
28



4. 1.2-mm diameter MTA applicator (Angelus Solucpes Odontologicas,
Londrina, Brazil)

5. SCANCO uCT35, micro-CT scanner (SCANCO Medical AG)

6. Humidity chamber

7. 2-20 pL scale auto-pipette (Glassco, UK)

8. Scotch®tape (3M, MN, USA)

9. 64 human mandibular molars

10. Biodentine (Biodentine™, Septodont, Saint Maur des Fossés, France)

11. MTA (ProRoot®MTA, Dentsply/Tulsa Dental, Tulsa, OK)

12. 0.1% Thymol solution

13. 20-mm diameter, 1-cm high PVC ring

14. Alginate

15. Self-cured acrylic resin

16. Human blood (The Thai Red Cross Society)

17. Normal saline solution

18. Distilled water

19. 27-gauge irrigate syringe with disposable syringe
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20. CollaTape® (Sulzer Calcitek Inc., Carlsbad, CA)

21. Celluloid strips

Methods

Tooth samples were acquired from consented patients who undergone
extraction for therapeutic reasons (e.g. periodontal reasons, caries). Blood was
acquired from The Thai Red Cross Society.

Teeth selection

Sixty-four human mandibular molars were used in this study. Teeth
must have at least 1.5 mm of thickness, intact furcation area without caries or
cervical root caries, no previous root canal treatment. All teeth were stored in
0.1% thymol solution after extraction.

Sample preparation

Access opening was performed in order to expose pulpal floors.
Furcation thickness measured by metal gauge to ensure at least 1.5 mm of

thickness.
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Figure 6: (A) Tooth embedded into PVC ring; (B) A diagram showing alginate in
the pulp chamber.

The pulp chamber was filled with alginate before embedded upside
down into 20-mm outer diameter PVC rings modified from the water pipe using
self-cured acrylic resin (figure 6). Alginate which occupied access to pulpal floor,
was removed after acrylic setting to provide clear access to floor of pulp
chamber (figure 7). Roots were removed by precision slow-speed diamond saw
(Isomet; Buehler, Lake Bluff, IL, USA) at the level of furcation (figure 8) result in
flat furcation surface. Orientation jig was fabricated to ensure horizontal

orientation of the samples in the holder during scanning. (figure 9, 10).
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Figure 7: After acrylic complete set, alginate was removed.

Figure 8: Roots removal using Isomet.
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Figure 10: Index of a holder (a) and plastic jig (b) are used to stabilize

horizontal orientation.
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Perforation simulation

Furcation perforation procedure was modified from Rahimi et al., (78).

Briefly, by using a No. 1.2 round diamond bur perpendicular to the furcal floor

and parallel to block axis and enlarged to a diameter of 1.3 mm with a single

active penetration of No. 5 Gates Glidden drill (Dentsply, Maillefer, Ballaigues,

Switzerland).

Cavity scanning for volume measurement

Cavity volume was measured by SCANCO uCT35, micro-CT scanner

(SCANCO Medical AG) at 70 kVp source voltage, 114 uA, 8W source current, high

resolution and 10-micron voxel size. One hundred and fifty consecutive slices

of each sample were chosen, resulting in a 1.5-mm high volume of interest

(VOI) of cavity volume.

Blood contamination and material repair

Samples were divided into 4 groups as follows: Biodentine with blood

contamination group (Biodentine/Blood), Biodentine with normal saline group

(Biodentine/NSS), MTA with blood contamination group (MTA/Blood) and MTA

with normal saline group (MTA/NSS).

In blood contaminated groups, furcation surfaces of the samples were

faced down on glass slab lining with 4x4 mm CollaTape soaked with 5.6 pl of
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blood. Material was mixed according to manufacturers’ instructions and placed

in the furcal cavities using a 1.2-mm diameter MTA applicator (Angelus Solucpes

Odontoldgicas, Londrina, Brazil). Moist cotton pellets were placed over repair

materials followed by plastic covers to prevent desiccation.

In groups without blood contamination, normal saline solution was

used instead of blood. The rest of the procedural steps were similar to those

in the blood contaminated groups.

Material scanning

All samples went through scout view screening (figure 11) before

scanning initiation. Scout view screening after filling with perforation repair

material was used for initial inspection of material (figure 12).

Figure 11: Scout view screening of empty cavity and reference point setting.
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Figure 12: Scout view screening after perforation repair material was filled.

For scanning at initial set, only 2 slots of scanner were used. The first

slot was for Biodentine groups and the second slot was for MTA groups. The

first slot started scanning at 6 minutes which is the initial setting time of

Biodentine. It required 37 minutes to complete a scan before initiation of

scanning second slot which contained MTA samples. MTA has approximately

45 minutes initial setting time.

Exposure and settings were set as described above. Scanned samples

were kept for 24 hours in 100% humidity, 37°C. After 24 hours, micro-CT

scanning was repeated in the same pattern. Data were collected. Cavity

volume, material volume and material porosity were obtained.

One hundred and fifty consecutive slices of each sample were chosen,

resulting in a 1.5-mm high volume of interest (VOI). Semi automatically drawn
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contours were generated according to radiodensity to define a mask for the
barrier VOI of material mass. Radiodensity was adjusted until optimum
radiodensity was obtained, making cross-sectional greyscale radiographic image
mimic binary image (figure 13). Only closed porosity (pores with no contact with
the material external surface) was included to be porosity, open pores (pores

contact with the material external surface) was excluded as shown in figure 13.

Wi

Open pore

Closed pore

Figure 13: Binary image (white: solid region, black: voids within the material,

arrows: closed pores and open pores)

Gap and porosity acquisition

3D reconstructive data provided cavity volume (mm?) (figure 14A),
material volume (mm?) at initial set and 24 hours (figure 14B) and percent

porosity of material at initial set and 24 hours. Percent porosity obtained
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directly from the data report. Conversely, percent of gap volume had to be

calculated indirectly (figure 14C) by following formula;

Cavity Volume (mm?) - Material Volume (mm?)

; . l _ 100
ercent gap volume Cavity Volume (mm?) §

In addition, 3D data of each sample was divided into three levels of 0.5-
mm thickness as follows: external 1/3 (0.01-0.50 mm, contact with blood or

NSS), middle 1/3 (0.51-1.00 mm) and internal 1/3 (1.01-1.50 mm) (figure 14).

(A)
Cotton pellet side

internal 1/3

(1.01-1.50 mm)

middle 1/3

(0.51-1.00 mm)

external 1/3

. (0.01-0.50 mm)
e Blood/NSS side

Cavity volume Material volume Gap volume

Figure 14: 3D reconstructive image of (A) cavity volume, (B) material volume.

(O) Non-identical region of overlapped image demonstrated gap volume

(arrows).

Statistical analysis

The data were analyzed using Statistical Package for Social Science

(SPSS) software (Version 22; SPSS Inc., Chicago. IL). The Kruskal-Wallis test was
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used to examine the differences in mean percent gap volume and mean

percent porosity between the 4 groups. Mann-Whitney's U test was performed

to identify any significant differences between groups. Significance was set at P

< .05.

Wilcoxon signed rank test was used to compare mean percent gap

volume and mean percent porosity between levels and time points within the

same group with a significance level of P < .05.
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CHAPTER IV
RESEARCH RESULTS

Representative 3D reconstructive image of each group were shown in figure 15

to 18. These images were divided into 3 levels; external 1/3 (contact with blood or

NSS), middle 1/3 and internal 1/3. Greater number of porosity and gap volume was

observed only within external 1/3 (0.5 mm portion from contact surface) of the

samples (figure 15 to 18 D, G). Two-dimension cuts indicated poorly adaptation to

cavity wall at the external 1/3 (figure 15 to 18 D, G). Middle 1/3 and internal 1/3 of

material were shown to be well adapted to dentine wall (figure 15 to 18 B, C, E, F).

Moisten cotton side Moisten cotton side

Internal

Middle 1/3

Blood side ' Blood side

External 1/3

Initial set 24 hours

Figure 15: A Biodentine/Blood sample (A) 3D reconstruction of Biodentine and gap

(arrows) at initial set; (B-D) random 2D images of internal 1/3, middle 1/3 and external
1/3, respectively. (H) 3D reconstruction of Biodentine and gap (arrows) at 24 hours; (E-
G) random 2D images of internal 1/3, middle 1/3 and external 1/3, respectively. Black

scatter within the material represents porosity.
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Moisten cotton side

Moisten cotton side

Internal

Middle 1/3
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Figure 16: A Biodentine/NSS sample (A) 3D reconstruction of Biodentine and gap
(arrows) at initial set; (B-D) random 2D images of internal 1/3, middle 1/3 and external
1/3, respectively. (H) 3D reconstruction of Biodentine and gap (arrows) at 24 hours; (E-
G) random 2D images of internal 1/3, middle 1/3 and external 1/3, respectively. Black

scatter within the material represents porosity.
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Figure 17: A MTA/Blood sample (A) 3D reconstruction of MTA and gap (arrows) at initial

set; (B-D) random 2D images of internal 1/3, middle 1/3 and external 1/3, respectively.
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(H) 3D reconstruction of MTA and gap (arrows) at 24 hours; (E-G) random 2D images of
internal 1/3, middle 1/3 and external 1/3, respectively. Black scatter within the material

D Moisten cotton side
\ T
D ; <;~>

represents porosity.

Internal
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Q
NSS side @
Joi
Initial set i 24 hours

Figure 18: A MTA/NSS sample (A) 3D reconstruction of MTA and gap (arrows) at initial
set; (B-D) random 2D images of internal 1/3, middle 1/3 and external 1/3, respectively.
(H) 3D reconstruction of MTA and gap (arrows) at 24 hours; (E-G) random 2D images of
internal 1/3, middle 1/3 and external 1/3, respectively. Black scatter within the material

represents porosity.

As the data in this study were not normally distributed, non-parametric tests

were indicated.

Percent gap volume

Percent gap volume was calculated from difference between cavity

volume and material volume (figure 14). Percent gap volume at initial setting

time and 24 hours of each group were shown in appendix A (table 5). Mean
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percent gap volume at 24 hours were significantly higher than initial setting in

MTA/Blood but not significantly different in other groups (Wilcoxon signed rank

test, P < .05) (figure 19).
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Figure 19: Mean percent gap volume at initial set and 24 hours. I-bar represents
standard errors. Double line and italic numbers represent mean percent gap
volume of combined data of both time points. The same superscript letters
were not significantly different of combined data of both time points (Mann-
Whitney's U test, P < .05). * indicates significant difference between time points
within groups (Wilcoxon signed rank test, P < .05).

Mean percent gap volume of combined data of both time points of
each group was shown in table 2 and appendix A (table 4). Mean percent gap
volume of Biodentine/Blood was not significantly different from MTA/Blood.
Blood contamination increase mean percent gap volume in both type of

materials significantly (Mann-Whitney's U test, P < .05). Biodentine/NSS had
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significantly lower mean percent gap volume compared with MTA/NSS (Mann-

Whitney's U test, P < .05) (table 2).

Table 2: Mean percent gap volume (95% Confidence Interval for Mean) of

combined data of both time points.

Material
Contamination Biodentine MTA
Blood 9.609 (6.699, 12.320)* 10.535 (8.098, 12.972)¢
Normal saline 3.161 (2.087,4.236)° 6.608 (5.008, 8.207)?

The same superscript letters were not significantly different (Mann-Whitney's U
test, P < .05).

Mean percent gap volume at initial setting time and 24 hours were

shown in figure 20. At initial setting time, Biodentine/NSS had significantly lower

mean percent gap volume compared with other groups (P < .05). There was no

significant difference between Biodentine/Blood, MTA/Blood and MTA/NSS

groups. At 24 hours, blood contamination increase mean percent gap volume

in both type of materials significantly (Mann-Whitney's U test, P < .05). Mean

percent gap volume of Biodentine/Blood was not significantly different from

MTA/Blood. Biodentine/NSS had significantly lower mean percent gap volume

compared with MTA/NSS, MTA/Blood and Biodentine/Blood (Mann-Whitney's U

test, P < .05) (Figure 20).
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Figure 20: Mean percent gap volume at (A) initial set and (B) 24 hours. |-bar

represents standard errors. The same superscript letters were not significantly
different (Mann-Whitney's U test, P < .05).

Mean percent gap volume of external 1/3, middle 1/3 and internal 1/3

of each experimental group was shown in figure 21 and in appendix A (table

6). In all groups, the mean percent gap volume of external 1/3 were significantly

higher than middle 1/3 and internal 1/3 (Wilcoxon signed rank test, P < .05). In

Biodentine/NSS, mean percent gap volume of internal 1/3 was higher than

middle 1/3 significantly (Wilcoxon signed rank test, P < .05). In MTA/Blood,

mean percent gap volume of middle 1/3 was higher than internal 1/3

significantly (Wilcoxon signed rank test, P < .05) (figure 21). In Biodentine/Blood

and MTA/NSS, there was no significant difference in mean percent gap volume

of middle 1/3 and internal 1/3 (Wilcoxon signed rank test, P < .05).
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Figure 21: Mean percent gap volume at external 1/3, middle 1/3 and internal
1/3. I-bar represents standard errors. Double line and italic numbers represent
mean percent gap volume of combined data of all 3 levels. The same
superscript letters were not significantly different of combined data of all 3
levels (Mann-Whitney's U test, P < .05). * indicates significant difference

between levels within group (Wilcoxon signed rank test, P < .05).

Percent porosity

Mean percent porosity at initial setting time and 24 hours of each groups

were shown in appendix B (table 8). There was no significantly difference in

mean percent porosity between time points in all groups except for

Biodentine/Blood, which showed significantly higsher mean percent porosity at

24 hours (Wilcoxon signed rank test, P < .05) (figure 22).
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Figure 22: Mean percent porosity at initial set and 24 hours. I-bar represents

standard errors. Double line and italic numbers represent mean percent
porosity of combined data of both time points. The same superscript letters
were not significantly different of combined data of both time points (Mann-
Whitney's U test, P < .05). * indicates significantly difference between time
points within groups (Wilcoxon signed rank test, P < .05).

Mean percent porosity of combined data of both time points of each
group was shown in table 3 and in appendix B (table 7). Biodentine/Blood had
significantly higher mean percent porosity than Biodentine/NSS, MTA/Blood and
MTA/NSS (Mann-Whitney's U test, P < .05). MTA/Blood had significantly lower
mean percent porosity than Biodentine/Blood, Biodentine/NSS and MTA/NSS
(Mann-Whitney's U test, P < .05). There was no significant difference in mean

percent porosity between Biodentine/NSS and MTA/NSS (Mann-Whitney's U

test, P < .05) (table 3).
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Table 3: Mean percent porosity (95% Confidence Interval for Mean) of

combined data of both time points.

Material
Contamination Biodentine MTA
Blood 11.976 (9.128, 14.822)° 2932 (2510, 3.352)¢
Normal saline 3.994 (2.894, 5.094) 3.668 (2.308, 5.027)°

The same superscript letters were not significantly different (Mann-
Whitney's U test, P < .05).

Mean percent porosity at initial setting time and 24 hours were shown

in figure 23. At initial setting time, Biodentine/Blood had significantly higher

mean percent porosity than MTA/Blood, Biodentine/NSS and MTA/NSS (P <

.05). Mean percent porosity of Biodentine/NSS was not different from

MTA/Blood or MTA/NSS. While Biodentine/Blood had significantly higsher mean

percent porosity than Biodentine/NSS, mean percent porosity of MTA/Blood

was significantly lower than MTA/NSS (P < .05). At 24 hours, Biodentine/Blood

had significantly higher mean percent porosity than MTA/Blood, Biodentine/NSS

and MTA/NSS (P < .05). Mean percent porosity of Biodentine/NSS was not

different from MTA/NSS. Mean percent porosity of MTA/Blood was significantly

lower than MTA/NSS, Biodentine/NSS and Biodentine/Blood (P < .05). (figure

23)
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Figure 23: Mean percent porosity at (A) initial set and (B) 24 hours. I-bar

represents standard errors. The same superscript letters were not significantly
different (Mann-Whitney's U test, P < .05).

Mean percent porosity of external 1/3, middle 1/3 and internal 1/3 of

each experimental group was shown in figure 24 and in appendix B (table 9). In

all groups, the mean percent porosity of external 1/3 were significantly higher

than middle 1/3 and internal 1/3 (Wilcoxon signed rank test, P < .05). The mean

percent porosity of middle 1/3 of each experimental group was not significantly

different from internal 1/3, except for MTA/NSS, the mean percent porosity of

middle 1/3 was significantly lower than internal 1/3 (Wilcoxon signed rank test,

P < .05).
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Figure 24: Mean percent porosity at external 1/3, middle 1/3 and internal 1/3.

I-bar represents standard errors. Double line and italic numbers represent
mean percent porosity of combined data of all 3 levels. The same superscript
letters were not significantly different of combined data of all 3 levels (Mann-
Whitney's U test, P < .05). * indicates significantly difference between levels
within group (Wilcoxon signed rank test, P < .05).
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CHAPTER V
DISCUSSION

Many studies on marginal adaptation and porosity used sectioning method

such as observation under scanning electron microscope (SEM) (66, 69, 79). In our pilot

study, an attempt was made to observe cross-sectional cut of repair material within

cavity under SEM. However, high-vacuums evaporation led to excess cracks and

widened the gap between material and dentin wall. Micro-CT method could observe

material without processing the samples. Processing of material also led to loss of

material (75). On the other hand, using micro-CT, observation immediately during

setting was possible (71).

Literature classified porosity into 3 major types: closed, through and blind

porosity (80). Closed porosity is completely surrounded by material mass. Blind

porosity originates from the external surface of material on either the free surface or

dentin-material interface with definite termination within material mass. Through

porosity is the continuous connection between 2 opposite surfaces of material mass.

Closed porosity impacts mechanical properties of material (81). Through and blind

porosity influences oral fluid penetration (81). From this study, gap volume included
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blind porosity at the interface, while porosity consisted of close porosity and through

porosity. The result of this study could imply that blood contamination affects all

types of porosity which may impact on mechanical properties and oral fluid

penetration.

MTA is a Portland cement derivative. It is made from natural material, whereas

Biodentine is laboratory synthesized. MTA contains impurities of naturally derived

material in contrast to Biodentine which is purified. Biodentine is only composed of

tricalcium silicate and dicalcium silicate in controlled proportion with particle size of 2

um (9) which could penetrate into the dentinal tubules to form tag-like structure (82).

On the other hand, components of MTA are tricalcium silicate, dicalcium silicate,

tricalcium aluminate and other metal oxides which have particle size between <1 pm

to 50 um (24). Dentinal tubule penetration was not found in MTA (83). Biodentine

contains setting accelerator and the hydrosoluble polymer superplasticizer while MTA

does not. Hydrosoluble polymer superplasticizer has surfactant effect which provides

better flowability characteristic for Biodentine (43). Owing to smaller particle size and

superplasticizer, without blood contamination, mean percent gap volume in

Biodentine was lower than MTA. From Sarkar et al. (84), gap between MTA and dentin

was completely filled with hydroxyapatite. Sarkar et al.’s study used the phosphate
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buffered saline to simulate tissue fluid instead of normal saline. In order to create a

good marginal adaptation of MTA, calcium ions from MTA had to be contacted with

phosphate ions from phosphate buffered saline to produce hydroxyapatite crystals

(85). With MTA surface exposed to normal saline in our study, there might be an effect

from sodium chloride on MTA setting. Sodium chloride had been reported to act as a

retarder (86).

In this study, initial scanning was performed at 6 minutes and 45 minutes

because of manufacturers’ claim as initial setting time of Biodentine (9) and MTA (38),

respectively. Second scanning period was chosen at 24 hours because it represented

second clinical appointment for MTA setting evaluation. Blood contamination delayed

MTA setting to 36 hours (87). Therefore, in blood contamination condition in this study,

the material may not be completely set at 24 hours. A short setting time of the material

reduces the possibility of any reaction interferences. In our study, increasing of gap

volume in MTA/Blood and porosity in Biodentine/Blood were observed after initial

setting time. This might be due to altered initial setting time of both blood

contaminated materials. Recent study showed that setting time of blood contaminated

Biodentine was delayed to 46 minutes (88). Delayed setting time of blood

contaminated Biodentine increased the possibility of effect of blood upon initial
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setting. This might result in higher porosity of Biodentine/Blood observed at 24 hours.

Increased water-to-powder ratio prolongs setting time of MTA (28).

Blood contamination affects hydration reaction of silicate based material such

as MTA (89). Blood contains cells and proteins such as hemoglobin. In this study, equal

amount of blood and normal saline was used on the experimental surface (external

1/3). Main difference between blood contaminated and NSS groups was hemoglobin

and other proteins, which were present only in blood contamination groups. Cells and

proteins from blood could obscure the dentinal tubules and prevent adaptation at

the interface between the repair material and dentin walls (78). This might explain the

significantly higher gap volume observed in both blood contaminated materials.

Surfactants are surface-active chemicals which used for air entraining and

reduction of water in concrete mixture. They are classified into 2 types according to

their purposes: air-entraining surfactant and plasticizing or water-reducing surfactant

(37). Air-entraining surfactants, such as hemoglobin and other proteins in blood,

promote bubble formation and results in porosity of the mixture (36, 37). Plasticizing

or water-reducing surfactant, such as polycarboxylate hydrosoluble polymer in

Biodentine, makes cement particle hydrophilic and well-dispersed in the water (37).
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This dispersion could allow the exceed amount of water from blood to incorporate

into setting material. Increased water-to-powder ratio causes more porosity (35) and

prolong setting time (28). This resulted in higher chance of Biodentine particle to be

affected by hemoglobin and other proteins. Combined plasticizing surfactant effects

of superplasticizer and air-entraining surfactant effect of hemoglobin and other

proteins in Biodentine/Blood might lead to significantly higher porosity. Without

superplasticizer, MTA had lower chance to incorporate with blood as their particles

were not dispersed. Compared with distilled water in MTA mixture, blood in CollaTape

has higher osmotic pressure due to hemoglobin (90). Water from MTA mixture might

migrate out into blood soaked CollaTape. With loosing of water of MTA mixture adjunct

to blood contamination, porosity was decreased.

Previous studies reported that blood contamination had many effects to MTA

such as microstructure, mechanical properties, retention and marginal adaptation (25,

41, 78, 79, 89). SEM micrograph showed that MTA mixed with blood had more porous

microstructure and lacked of acicular crystal formation of the material (89). Decreasing

of compressive strength of blood contaminated MTA was related to increasing of

porosity (41). Push-out test shows that blood contamination decreased retention of

MTA in simulated furcation perforations (25). Leakage prevention is vital to prognosis
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of perforation repair (20). While Torabinejad et al. showed that presence or absence

of blood had no significant effect on the amount of dye leakage into 2-mm depth root

end cavity (63), the SEM study by Milani et al. concluded that exposure to blood during

setting has a negative effect on marginal adaptation of MTA (78).

In each group, sample was divided into 3 levels in order to investigate the

difference between the different parts of the material. We found that the majority of

effect from blood contamination was in the external 1/3. Valois et al. (91) suggested

that minimum of thickness that could prevent leakage of MTA when use as apical

barrier is 4 mm. Most of most of root thickness at the furcation are only between 1.2-

2.38 mm (92). In perforation situation, this results in less than 3-mm thickness of

material in most cases. From current study, we found that blood contamination had

impacts on marginal adaptation and porosity only within 0.5 mm from the contact

surface. As we did not mix the material with blood, effect from blood contamination

on porosity was noticed mainly at the external 1/3, which approximated to the blood

contamination surface.

Although Biodentine came in pre-proportional capsule and definite instruction

of application, consistency of the mixture was not uniform in every capsule after
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mixing. In this study, after mixing by an amalgamator, Biodentine mixing had to be

continued manually. Both MTA and Biodentine involved with manual mixing and

manual application. The consistency of material in each sample might not be

uniformed and resulted in high standard deviation of the data in this study.

In clinical situation, contamination of repair material could impact adequate

repair. Higher gap volume in blood contaminated Biodentine and MTA was observed

in both materials. Blood contamination increased porosity significantly in Biodentine.

From the result of this study, Biodentine could be used as a single visit perforation

repair material, but appropriate homeostasis should be carried out to achieve the

benefits of this novel material.

Limitations

Only furcal floor of human lower mandibular molar used in this study

to lower anatomical variation of samples as it may not reflect other location

on the other type of tooth.

Because of through porosity was inside the material mass, closed

porosity and through porosity could not be distinguished in this study.
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Although micro-CT used in this study is performed non-destructively on

incomplete set material, data obtained from micro-CT scanning reflects only

radiopaque part of sample. With this method radiolucent part cannot be

observed.

Only porosity can be directly obtained from each scanning. Gap volume

had to be calculated the difference between cavity volume and material

volume. Error of gap volume measurement in this study could be effected by

the errors from both cavity volume and material volume measurements.

This is a laboratory study, it may not represent clinical situation and

outcomes. Further in vivo or clinical study will provide better understand of

outcome of this novel repair material.

Conclusion

In blood contamination condition, there was no difference in marginal

adaptation between Biodentine and MTA. Blood contamination significantly

increased gap volume of both materials. In contrast, Biodentine had

significantly higher porosity than MTA in blood contaminated condition.

Biodentine could be used as a single visit perforation repair material under

appropriate hemostasis.
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APPENDIX A

Gap volume

Table 4: Mean percent gap volume.

95%
Mean Confidence
percent Std. Std. Interval for . .
Group L Minimum | Maximum
gap Deviation | Error Mean
volume Lower | Upper
Bound | Bound
Biodentine/Blood 9.609 13.378 1.365 6.899 12.320 0.001 77.030
Biodentine/NSS 3.161 5.303 0.541 2.087 4.236 0.001 29.935
MTA/Blood 10.535 12.026 1.227 8.098 12.972 0.001 66.882
MTA/NSS 6.608 7.894 0.806 5.008 8.207 0.001 32.477
Table 5: Mean percent gap volume at initial set and 24 hours.
Mean 95% Confidence
Time | percent Std. Std. Interval for Mean
Group . L. Minimum | Maximum
point gap Deviation Error Lower Upper
volume Bound | Bound
Initial
; 9.441 13.142 1.897 5.625 13.257 0.001 75.262
Biodentine/Blood 52e4
9.778 13.748 1.984 5.786 13.770 0.001 77.030
Hours
Initial
) 2.951 4.506 0.650 1.642 4.259 0.001 21.927
se
Biodentine/NSS ”
3.372 6.036 0.871 1.619 5.125 0.001 29.935
Hours
Initial
; 10.310 11.921 1.721 6.848 13.771 0.001 65.697
se
MTA/Blood 0
10.761 12.252 1.768 7.203 14.318 0.001 66.882
Hours
Initial
N 6.417 7.464 1.077 4.250 8.584 0.001 26.959
se
MTA/NSS 0
6.799 8.377 1.209 4.366 9.231 0.001 32.477
Hours
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Table 6: Mean percent gap volume at external 1/3, middle 1/3 and internal 1/3.

95%
Mean Confidence
percent Std. Std. Interval for
Group Levels Minimum | Maximum
gap Deviation | Error Mean
volume Lower | Upper
Bound | Bound
Externall/3 | 20.081 18.394 3.252 | 13.450 | 26.713 5.853 77.030
Biodentine/Blood | Middlel/3 4.420 3.992 0.706 | 2.981 5.860 0.001 16.996
Internall/3 4.326 4.939 0.873 | 2.545 6.107 0.001 18.178
Externall/3 7.517 7.040 1.244 | 4.979 10.056 0.012 29.935
Biodentine/NSS Middlel/3 0.867 0.997 0.176 | 0.508 1.227 0.001 3.382
Internall/3 1.099 2.492 0.440 | 0.201 1.997 0.001 10.850
Externall/3 | 20.364 14.691 2597 | 15.068 | 25.661 4.444 66.882
MTA/Blood Middle1/3 6.451 5.883 1.040 | 4.330 8.572 0.874 22.833
Internall/3 4.790 6.460 1.142 | 2461 7.119 0.001 21.977
Externall/3 | 13.665 9.463 1.673 | 10.254 | 17.077 0.001 32.477
MTA/NSS Middle1/3 3.034 3.451 0.610 | 1.790 4.279 0.001 13.661
Internall/3 3.124 3.519 0.622 | 1.855 4.392 0.001 10.905
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APPENDIX B
Porosity
Table 7: Mean percent porosity.
95%
Confidence
Mean
Std. Std. Interval for o .
Group percent Minimum | Maximum
. Deviation | Error Mean
porosity
Lower | Upper
Bound | Bound
Biodentine/Blood | 11.976 14.051 1.434 9.129 14.823 0.245 60.992
Biodentine/NSS 3.994 5.431 0.554 2.894 5.095 0.410 25.179
MTA/Blood 2.932 2.078 0.212 2511 3.353 1.245 13.832
MTA/NSS 3.668 6.710 0.685 2.309 5.028 0.661 42.190
Table 8: Mean percent porosity at initial set and 24 hours.
95% Confidence
Mean
Time Std. Std. Interval for Mean
Group percent Minimum | Maximum
point . Deviation | Error Lower Upper
porosity
Bound | Bound
Initial
‘ 10.431 11.430 1.650 7.112 13.750 0.553 43.307
se
Biodentine/Blood I
13.520 16.233 2.343 8.807 18.234 0.245 60.992
Hours
Initial
; 3.776 4.642 0.670 2.428 5.124 0.410 19.002
Biodentine/NSS 52e4
4.212 6.162 0.889 2.423 6.002 0.442 25.179
Hours
Initial
; 2.890 1.981 0.286 2.315 3.466 1.245 11.282
se
MTA/Blood )
2.973 2.192 0.316 2.336 3.609 1.352 13.832
Hours
Initial
‘ 3.721 6.967 1.006 1.698 5.744 0.661 42.190
se
MTA/NSS 0
3.615 6.515 0.940 1.723 5.507 1.075 40.058
Hours
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Table 9: Mean percent porosity at external 1/3, middle 1/3 and internal 1/3.
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95%
Confidence
Mean
Std. Std. Interval for
Group Levels percent Minimum | Maximum
Deviation | Error Mean
porosity
Lower | Upper
Bound | Bound
Externall/3 | 20.807 17.232 3.046 | 14594 | 27.019 0.245 60.992
Biodentine/Blood | Middlel/3 7.896 9.580 1.694 | 4.442 11.350 1.007 47.733
Internall/3 7.225 9.762 1.726 | 3.705 10.744 0.625 33.620
Externall/3 8.950 7.151 1.264 | 6.371 11.528 0.660 25.179
Biodentine/NSS Middlel/3 1.573 0.755 0.134 | 1.301 1.846 0.533 3.407
Internall/3 1.460 0.807 0.143 | 1.169 1.751 0.410 4.025
Externall/3 4.181 2814 0.498 | 3.167 5.196 1.836 13.832
MTA/Blood Middlel/3 2.586 1.553 0.275 | 2.026 3.146 1.245 7.529
Internall/3 2.027 0.567 0.100 | 1.823 2.231 1.245 3.238
Externall/3 7.233 10.755 1.901 | 3.355 11.110 0.661 42.190
MTA/NSS Middle1/3 1.577 0.185 0.033 | 1.510 1.643 1.163 1.830
Internall/3 2.195 1.550 0.274 | 1.637 2.754 1.274 7.297
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