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This study assessed the effects of blood contamination on the chemical 

composition and ion release of calcium silicate-based materials. ProRoot MTA 
(WMTA), Biodentine and TotalFill BC RRM putty (TRRM) were investigated. Materials 
were exposed to blood (blood-contaminated condition) or normal saline (non-blood-
contaminated condition) for 24 hours. Three samples of each group were analysed for 
chemical composition using X-ray diffractometer and an energy-dispersive X-ray 
spectoscope with a scanning electron microscope after immersed in phosphate-
buffered saline for 1, 7, 14 and 28 days. Five samples of each group were used to 
measure pH and ion release using a pH meter and inductively coupled plasma-optical 
emission spectrometer after immersed in deionized water for 1, 7, 14 and 28 days. 
Apatite formation was found in blood-contaminated groups later compared with non-
blood-contaminated groups. In both conditions, WMTA demonstrated apatite 
formation earlier than the other materials. Silicon ion release was reduced in all blood-
contaminated groups. Blood contamination delayed apatite formation and decreased 
silicon ion release on the surface of calcium silicate-based materials. 
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CHAPTER I INTRODUCTION 

Background and rationale 

Recently, various materials have been developed for treatment of communications 

between the root canal and external surface (1). Immediate repair of a perforation with 

appropriate material is recommended for achieving the optimum outcome (1, 2). An 

ideal repair material would be non-toxic, insoluble in tissue fluids, dimensionally stable, 

antibacterial, radiopaque, easy to handle, hard tissue conductive, biocompatible and 

provide adequate seal (3).  

Calcium silicate-based materials were introduced to endodontics in the 1990s. The 

potential advantages of these materials in endodontics are related to their physico-

chemical and biological properties. Calcium silicate-based materials are biocompatible, 

non-toxic, non-shrinking, and usually chemically stable within the biological environment 

(4). A further advantage of these materials is their ability to form hydroxyapatite and 

ultimately create a bond between dentin and the material (5), and the reaction induced 

by its released substances may influence the outcome of treatment. Therefore, the 

bioactivity of materials plays a key role to promote healing.   

Mineral trioxide aggregate (MTA) has these properties and can be differentiated 

from other root repair materials such as amalgam, super EBA and IRM by its additional 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 

ability to conduct cementum and bone formation over its surface (6). A number of 

studies have demonstrated that MTA has excellent biocompatibility and sealing ability 

(7), which constitutes a basis for the wide range of applications of this material. The 

performance of MTA is largely attribute to its bioactivity. That is, the capacity to produce 

spontaneously an apatite layer when in contact with phosphate-containing physiological 

fluids (5, 8-12). The apatite formation is promoted via an interaction of calcium ion 

released from MTA with phosphates and considered as a basis for the biocompatibility 

of several inorganic biomaterials such as glass ceramics (13, 14). Moreover, MTA is also 

known to interact with dentine to cause intertubular calcium and silicon incorporation 

(15), intrafibrillar apatite deposition (10) and formation of a tag-like structure (5, 8, 15) in 

the presence of phosphate-buffered saline (PBS). Such a biomineralization ability may 

account for the sealing ability and dentine bonding of this material. Despite its many 

advantages, MTA also has some less than optimal properties, such as difficult to handle, 

long setting time (16, 17) and discoloration of teeth (18, 19).  

To eliminate MTA’s disadvantages, Biodentine was introduced. The powder 

consists of a tricalcium silicate cement, which is similar to the MTA and small 

proportions of dicalcium silicate, calcium carbonate and zirconium oxide are added as 

the radiopacifier (20). The liquid is composed of calcium chloride as an accelerator to 

reduce setting time and a hydrosoluble polymer (20). These materials is claimed to be 

used as a dentine restorative material in addition to endodontic indications similar to 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 

those of MTA. Biodentine shows apatite formation after immersion in phosphate solution 

(21). This material is reported to induce pulp cell differentiation and biomineralization in 

vitro, suggesting its ability to stimulate reparative dentinogenesis after direct pulp 

capping (22, 23).  

 TotalFill Bioceramic Root Repair Material (TotalFill BC RRM) is another calcium 

silicate-based material. This material is composed of calcium silicate, zirconium oxide, 

tantalum oxide, calcium phosphate monobasic, and filler agents. It is produced in a 

premixed state as moldable putty and employs natural canal moisture in its setting 

reaction (24). The material is made of nanosphere particles. The fine particle size allows 

the materials to enter dentinal tubules and act with moisture inside the tubules for final 

setting as well as provide a mechanical seal (25, 26). Studies have reported TotalFill BC 

RRM, like white ProRoot MTA, showed bioactivity after placement in PBS. In a period of 

two months, all the materials tested showed a precipitation of apatite aggregate over the 

materials surfaces (27).  

An ideal root repair material should not be affected by the contamination of 

physiologic solutions such as blood and/or saliva (28, 29). However, in view of its 

various applications, MTA may become contaminated by blood during placement. 

Torabinejad et al. (30) evaluated the effect of blood contamination on MTA in an ex vivo 

study by comparing the leakage of amalgam, Super EBA, IRM and the preliminary 

experimental prototype of MTA when applied to root-end cavities that were 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 

contaminated by blood immediately after root resection. They reported that there was no 

significant difference between dye leakage in contaminated and uncontaminated 

groups and that MTA leaked significantly less than the other materials. In a laboratory 

bacterial leakage study, Montellano et al. (31) evaluated the effect of blood and/or saliva 

contamination on bacterial penetration of root-end cavities that were filled by tooth 

coloured MTA after root-end resection. Saliva-contaminated specimens demonstrated 

significantly more bacterial penetration than the uncontaminated group. However, blood 

contamination had no significant effect on bacterial penetration of root-end cavities that 

were filled by MTA. Conversely, Vanderweele et al. (32), when evaluating the retention 

characteristics of MTA in simulated furcation perforations, reported that in the blood 

contaminated group, MTA had significantly less resistance to displacement compared 

to the uncontaminated group at 7 days. Therefore, they recommended that blood should 

be removed before the placement of MTA. In contrast, Arens & Torabinejad (33) 

recommended that perforation sites should not be dried before the placement of MTA. 

In addition, Sluyk et al. (34) reported that the presence of moisture in a perforation site 

resulted in good adaptation of MTA to the perforation walls. Furthermore, they 

recommended a moistened matrix be positioned in the perforation defect before 

placement of MTA for ease of MTA condensation and to prevent over extrusion of the 

material. However, Al-Daafas & Al-Nazhan (35) found the use of an internal matrix 

beneath MTA, preventing its direct contact with the tissues, produced an adverse 
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healing response and reduced connective tissue attachment and bone formation in the 

site of the perforation. 

 Different calcium silicate-based materials may show varying degrees of 

bioactivity, because compositional differences may influence the ion releasing property 

of a material. In certain clinical applications, it could be difficult to completely avoid 

surface contaminated with blood and/or interstitial fluid. Therefore, the aim of this study 

was to evaluate the effect of whole blood exposure on chemical composition and ion 

releasing of three calcium silicate-based materials. 

Objectives 

The aim of the current study was to assess the effect of blood contamination  on 

chemical composition and ion releasing of calcium silicate-based materials at days 1, 7, 

14 and 28.  

Scope of study 

This in vitro study was carried out to assess in three calcium silicate-based 

materials that were exposed to blood or normal saline. Chemical compositions were 

analysed after each specimen was immersed in phosphate-buffered saline (PBS) for 1, 

7, 14 and 28 days using X-ray diffractometer (XRD) and scanning electron microscope 

(SEM) with energy-dispersive X-ray spectroscopy (EDX). The pH value and ion release 

concentration were measured after each specimen was immermed in deionized water 
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for 1, 7, 14 and 28 days by Inductively coupled plasma optical emission spectrometer 

(ICP-OES). 
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CHAPTER II REVIEW RELATED LITERATURE 

Root perforation 

A root perforation is a mechanical or pathological communication formed between 

the supporting periodontal tissue of the tooth and the root canal system (36). 

Communication between the root canal system and supporting tissues of the tooth or 

oral cavity lowers the prognosis of endodontic treatment, and often leads to extraction of 

the tooth. An outcome study, showed that in retreatment cases only two factors 

significantly affected the success rate of the treatment, the presence of a preoperative 

radiolucency and the presence of a preoperative perforation (37). 

The goal of perforation management is to maintain healthy periodontal tissues 

against the perforation without persistent inflammation or loss of periodontal attachment. 

In the case of periodontal tissue breakdown, the aim is to re-establish tissue attachment. 

Successful perforation repair depends on the ability to seal the perforation and to 

promote a healthy periodontal attachment of the repair material (38). The prognosis 

depends on the prevention or treatment of bacterial infection of the perforation site. In 

addition, the use of a non-irritating material which seals the perforation will limit 

inflammation. Several factors related to infection of the perforation site affect the 

prognosis of the treatment of root perforations, the most important of which are time 

between occurrence and treatment, size, and location of the perforation (Table 1) (2). 
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Table 1: Factors which affect prognosis of the treament of root perforations (2). 

 Favorable Questionable Unfavorable 

Time of repair  Immediate 

repair 

Delayed repair No repair or gross extrusion 

of the repair materials 

Size Small Medium Large 

Location Apical with no 

sulcular 

communication 

or osseous 

defect 

Mid-root or 

furcal with no 

sulcular 

communication 

or osseous 

defect 

Apical, crestal or furcal with 

sulcular communication and 

a probing defect with 

osseous destruction 

 

Historically, many materials have been suggested for use in perforation repairs 

such as amalgam (39, 40), Cavit (39, 40), indium foil, zinc-oxide cements, 

ethoxybenzoic acid (Super EBA) (41), composites and glass ionomers (40, 42-44). 

Repair of perforations in the subcrestal region has been greatly facilitated in recent 

years by the development of a number of new materials. 
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Ideal characteristics of a perforation repair material (modified from Wang 

2015) (45) 

Various materials have been used to repair root perforations. The requirements for 

an ideal repair material have been described by several authors. 

1.      Physico-chemical properties 

1.1 Short setting time 

Setting time is the length of time for a material to transition from a fluid state 

into a hardened state. The presence of moisture is usually required for calcium 

silicate-based materials to set. A short setting time can help facilitate a tight seal 

between root canal system and periodontium, while a long setting time may result 

in difficulties with maintaining consistency of the mixture (46). 

1.2 High mechanical strength 

The compressive strength of a material is the value of uniaxial compressive 

stress reached when the material fails completely. It has been reported that high 

compressive strength of a root repair material could enable it to withstand loads 

tending to deformation and shrinkage (16). 

1.3 High alkaline pH and calcium ion release 

It has been suggested, by both in vitro and in vivo studies, the mechanism of 

pulp wound healing by the deposition of mineralized apatite depends on pH and 

the ability of calcium ion-release (47, 48).  
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1.4 High radiopacity, moderate flow, low porosity and solubility 

Radiopacity is an essential physical property which allows the viewing of 

endodontic filling materials by radiographic examination, in order to check the 

obturation quality (16).  

Flow is the ability of a cement to penetrate into the irregularities of the root 

canal system. However, if the flow is excessive, the risk of material extravasation to 

the periapical area is increased, which could damage periodontal tissues and 

compromise healing (49, 50). Thus, a moderate flow is preferred for the cement to 

access the areas that need to be filled. 

Porosity is a common characteristic of materials as spaces between the 

material grains. The amount of porosity in mixed material is related to the amount 

of water (51), entrapment of air bubbles during the mixing procedure (52, 53), and 

the environmental acidic pH value (54). 

Solubility is another factor in assessing the suitability of potential substances 

to be used as restorative materials in dentistry. Lack of solubility is a desired 

characteristic for root-end filling materials and materials used for perforation repair 

(16). 
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2.      Biological properties 

2.1 Biocompatibility 

Materials used in endodontics are frequently placed in intimate contact with 

the pulp or periodontium and thus must be non-toxic and biocompatible with host 

tissues (45). 

2.2 Stimulation of biomineralization 

An optimal material used for perforation repair not only provides an effective 

seal, but also induces chemical bond formation and apatite precipitation in dentin 

over time (23). Biomineralization is likely to facilitate healing at the material-tissue 

interface, resulting in the elevation of local pH, the release of mineral ions and 

formation of apatite-like structures (5), so that the newly formed barrier of 

mineralized tissue can protect the root canal from bacteria and toxins. 

Calcium silicate-based materials  

Calcium silicate-based cements are cements or root canal sealers that have been 

made based on a composition of calcium and silicate. MTA is one of most popular 

calcium silicate-based materials used in endodontics because its posseses several of 

ideal properties such as good sealing ability and biocompatibility. Its clinical 

applications have broadened to include perforation repair, pulp capping, pulpotomy, 

and apexification. MTA requires the presence of water for setting. Therefore, set MTA 

can acquire its optimal strength and produce excellent sealing ability in the presence of 
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moisture (30). Researchers have been encouraged to investigate materials with similar 

favorable properties, while being less expensive as well as fewer drawbacks of the 

original MTA. Since 75% of MTA is composed of Portland cement (PC). Some 

investigators introduced their novel formulations as PC-based materials. These 

investigators claimed that their new materials had a similar composition to MTA with 

some modifications that may improve some of the properties such as handling 

characteristics, lower setting time, prevention of tooth discoloration, and higher 

radiopacity. Several materials, mostly composed of calcium and silicate (main 

components of PC) that are commercially available, such as Biodentine and TotalFill BC 

RRM  

Mineral trioxide aggregation (MTA) 

The original formulation of MTA was developed in the 1990s, and is manufactured 

by Dentsply International (Dentsply-Tulsa Dental, Johnson City, USA). MTA is a mixture 

of dicalcium silicate, tricalcium silicate, tricalcium aluminate, gypsum, tetracalcium 

aluminoferrite, and bismuth oxide. MTA was originally introduced in gray MTA (GMTA). 

Because of the discoloration potential of GMTA, white MTA (WMTA) was developed. 

Investigations showed that lower amounts of iron, aluminum, and magnesium were 

present in WMTA than in GMTA (55, 56). Bismuth oxide was used as radiopacifier of 

MTA (57). 
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When MTA powder is mixed with water, it undergoes two main reactions. Firstly, 

the tricalcium silicate and dicalcium silicate react with water to form calcium silicate 

hydrate and calcium hydroxide. Secondly, the tricalcium aluminate reacts with water, 

and in the presence of calcium sulfate initially produces ettringite (Table 2).  

Table 2: Setting reaction of MTA (58) 

                 2(3CaO.SiO2) + 6H2O    -->     3CaO.2SiO2.3H2O + 3Ca(OH)2 

           tricalcium silicate + water             calcium silicate + calcium hydroxide 

                 2(2CaO.SiO2) + 4H2O    -->     3CaO.2SiO2.3H2O + Ca(OH)2 

           dicalcium silicate + water             calcium silicate + calcium hydroxide 

                   3CaO.Al2O3 + CaSO4 + H2O    -->     3CaO.Al2O3.3 CaSO4.31H2O 

    tricalcium aluminate + gypsum + water                        ettringite 

 

The ratio of calcium silicate drops because of the formation of a calcium 

precipitate. The precipitated calcium produces calcium hydroxide, which is the cause of 

MTA’s high alkalinity after hydration (59).  

Chemical and physiological properties 

MTA is prepared by mixing the powder with sterile water in a 3:1 powder-to-liquid 

ratio (60). The mean setting time of MTA has been reported to be approximately 165 

minutes, which is longer than amalgam, Super EBA and IRM (16, 61). MTA’s long setting 

time is one of the major drawbacks of the material. Many investigations have been 
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performed to overcome this clinical disadvantage. Bortoluzzi et al. (62) evaluated the 

influence of addition of 10% calcium chloride (CaCl2) on the setting time. The addition of 

CaCl2 provided a significant reduction (50%) in the initial setting time of cements and the 

final setting time of WMTA was reduced in 35.5%. 

There are many studies about MTA chemical composition after setting and various 

methods have been used to examine MTA composition including energy dispersive 

analysis with x-ray (EDAX), inductively coupled plasma optical emission spectroscopy 

(ICP-OES), x-ray diffraction analyses (XRD), x-ray fluorescence spectrometry (XRF), 

energy x-ray spectrometry, and energy dispersive spectroscopy (EDX). Several 

investigations have reported that the main elemental components of MTA are calcium 

and silica, as well as bismuth oxide (16, 17, 55, 56, 63). 

The pH value of MTA is 10.2 after mixing and rises up to 12.5 after 3 hours (16). 

WMTA displays a significantly higher pH value 60 minutes after mixing compared to 

GMTA (64).  MTA kept its high pH value throughout the course of a longterm study. The 

high pH value is attributed to the constant release of calcium ions from MTA and the 

formation of calcium hydroxide (65). 

The release of calcium ions from MTA has been reported by several 

investigators (8, 9, 66). Despite the fact that the formation of apical barriers is highly 

successful using calcium hydroxide, this material is quickly resorbed when in contact 

with the apical tissues, making it necessary to follow the clinical case long-term to 
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confirm the formation of the barrier. Calcium release from MTA might be influenced by 

certain clinical conditions. Islam and associates found that the percent solubility of 

WMTA was greater than that of white Portland cement, ordinary Portland cement and 

GMTA (64). Solubility in this case may be beneficial to the success of the product in that 

it allows for the dissolution of components, which leads to the formation of reaction 

products at the interface between the material and the tooth, generating a biologic seal 

mostly of calcium hydroxide. The results of the degree of solubility of MTA have been 

contradictory between different studies (16, 64, 67, 68). However, increased solubility 

has been reported in a long-term study (69). 

 In various clinical applications, MTA encounters different physiological fluids as 

well as those introduced during endodontic procedures. Whether during setting or after 

setting, these solutions may impact the chemistry and properties of MTA. During setting, 

exposure of MTA to acidic environments, like those possible in inflamed pulpal or 

periapical tissues, will affect reaction product development. Lee et al. (70) observed a 

reduction of calcium hydroxide formation when MTA was exposed to a pH 5 solution. 

Furthermore, surface dissolution of reaction product particles was evident, leading to 

weakening of the material manifested as reduced microhardness. Exposure to serum 

has also been shown to detrimentally affect the setting of MTA as displayed by a 

difference in surface morphology and chemical distribution (71) as well as hardness (72, 

73). 
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Biodentine 

Biodentine (Septodont, Saint-Maur-des-Fosses, France) was introduced as a 

dentin replacement material in 2011. Biodentine contains tricalcium silicate, calcium 

carbonate, zirconium oxide, and a waterbased liquid-containing calcium chloride as the 

setting accelerator. Zirconium oxide is the radiopaque agent allowing identification on 

radiographs. According to the ISO 6876/2001, Biodentine displays a radiopacity greater 

than 3 mm thickness of aluminum (74).  

Septodont claims to use a new technological platform named ‘Active Biosilicate 

TechnologyTM’ to control the purity of the raw materials. Manufacturing pure synthetic 

tricalcium silicate instead of purifying the natural tricalcium silicate is advantageous as 

the mineral content is not changed by the sintering conditions or variations in the 

chemical composition of the raw materials (75). Moreover, synthetic tricalcium silicate 

does not contain heavy metals contrary to purified natural tricalcium silicate. This has 

been proved by the analysis of acid-extractable and leached of Biodentine which 

demonstrated absence of heavy element contamination (76). The use of pure synthetic 

tricalcium silicate instead of specific clinker has also been shown to result in enhanced 

material properties of Biodentine and MTA Angelus in comparison to MTA (75). 

Setting reaction of Biodentine is hydration process, similar to others calcium 

silicate-based materials. The calcium silicate has the ability to interact with water leading 

to the setting and hardening of the cement. This is a hydration of the tricalcium silicate 
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(C3S; 3CaO.SiO2) which produces a hydrated calcium silicate gel (CSH gel) and 

calcium hydroxide (Ca(OH)2) (Fig 1). This dissolution process occurs at the surface of 

each grain of calcium silicate. The hydrated calcium silicate gel and the excess of 

calcium hydroxide tend to precipitate at the surface of the particles and in the pores of 

the powder, due to saturation of the medium. This precipitation process is reinforced in 

systems with low water content. 

 

 

 

 

 

 

 Figure 1: Setting reaction of Biodentine (77) 

Chemical and physiological properties 

According to the manufacturer’s instructions, Biodentine is a fast-setting (around 

10-12 minutes for initial setting) calcium silicate-based restorative material. The final 

setting time of Biodentine is assessed to be 45 minutes (74). An initial volume reduction 

due to chemical contraction and capillary absorption occurs during the first hours 

followed by a secondary expansion due to continuation of the hydration process.  

Energy dispersive X-ray spectroscopy (EDX) analysis of set Biodentine confirmed 

elemental peaks for calcium, silicon, carbon, oxygen, zirconium and chlorine with 
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zirconium concentrated in specific areas while all other elements were equally 

distributed. X-ray diffraction (XRD) analysis exhibited definite peaks for calcium silicate, 

calcium carbonate, zirconium oxide and calcium hydroxide with a wavy base line 

indicating the presence of an amorphous compound. Fourier transform infrared 

spectroscopy (FT-IR) analysis of set Biodentine showed peaks at 3,400 (water or 

calcium hydroxide), 700 and 1,420 cm-1 (calcium carbonate) and an Si–O absorption 

band at 960 cm-1 referring to calcium silicate hydrate (78). 

The pH of the leachate, when set Biodentine was stored in deionized water, was 

recorded as 9.14 ± 0.16, 8.88 ± 0.27 and 8.02 ± 0.19 at 3 hours, 1 day and 1 week, 

respectively (79). In another study where the pH of the medium in HBSS was measured, 

the pH was recorded as 11.7, 12.1, 12.3, 12.4 and 12.3 at 1, 7, 14, 21 and 28 days, 

respectively, confirming the alkalinity of the cement. The pH of BiodentineTM is similar to 

that of Bioaggregate and IRM (80).  

Comparing calcium release of Biodentine with other bioceramic materials, 

Biodentine showed a higher level of calcium ion release than MTA, EndoSequence BC 

Sealer (BC Sealer), BioAggregate, TCS-Zr, and intermediate restorative material (IRM) 

(80, 81). The incorporation of calcium and silicate was detected deep in Biodentine-

treated root dentin after immersion in phosphate-buffered saline (PBS) for 90 days (81). 

Moreover, Grech et al. (74) demonstrated negative solubility values for a prototype 

cement, Bioaggregate and Biodentine, in a study assessing the physical properties 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21 

ofthe materials. They attributed this result to the deposition of substances such as 

hydroxyapatite on the material surface when in contact with synthetic tissue fluids.This 

property is rather favorable as they indicate that the material does not lose particulate 

matter to result in dimensional instability. 

TotalFill BC Root Repair Material (TotalFill BC RRM)  

TotalFill BC RRM (FKG, La Chaux‐de‐Fonds, Switzerland) is another bioceramic 

material that has been developed recently. According to the manufacturer, TotalFill BC 

RRM is composed of calcium silicates, zirconium oxide, tantalum oxide, calcium 

phosphate monobasic and filler agents. It is produced as a premixed product in 

mouldable putty to provide the clinician with a homogeneous and consistent material 

that sets in the presence of moisture. 

Chemical and physiological properties 

According to the manufacturer TotalFill BC RRM has a working time of more than 

30 minutes and approximately a 4-hour setting time. Presence of moisture is required for 

the material to harden. The fine particle size allows the material to enter dentinal tubules 

and act with moisture inside the tubules for final setting as well as provide a mechanical 

seal (26). 

 The pH value of TotalFill BC RRM has been reported be as high as 12.4, which is 

probably responsible for its antibacterial properties during the setting reaction. Hansen 

et al. (82) compared the pH changes in simulated root resorption defects filled with MTA 
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and TotalFill BC RRM, and concluded that intracanal placement of MTA resulted in a 

higher pH than TotalFill BC RRM. The pH value of both TotalFill BC RRM and MTA 

treated canals declined to the levels of the negative control after a 4-week incubation in 

saline. 

 Ma et al. (3) used EDX to confirm the chemical composition of the two materials; 

the results revealed that TotalFill BC RRM putty and paste crystals have similar elements 

(calcium, silicate, phosphate, carbon and oxygen) but different overall composition to 

GMTA (tricalcium silicate, dicalcium silicate, bismuth oxide, and small proportions of 

tricalcium aluminate and calcium sulfate). Moreover, TotalFill BC RRM putty and paste 

each have a similar crystallographic surface structure to GMTA, showing hexagonal-

shaped crystals varying in size, appearing both discretely and in aggregates (3). 

Another recent study analyzed the structure and composition variations of TotalFill BC 

RRM over a longer period of time (27). Results showed the precipitation of apatite and 

an increase of calcium and phosphate on the surface of the material after a 2-month 

immersion in PBS.  

Effects of blood contamination on calcium silicate-based materials  

Calcium silicate-based materials is considered as the material of choice in vital 

pulp therapies, for the repair of accidental and/or pathological root perforations, as an 

apical root canal plug in immature teeth with necrotic pulp tissue and as a root-end 
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filling material in endodontic surgery. In all of these clinical situations, MTA comes into 

contact with blood and tissue fluid.  

An ideal root repair material should not be affected by the contamination of 

physiological solutions such as blood and/or saliva (28, 29). However, in view of its 

various applications, MTA may become contaminated by blood during placement. 

Torabinejad et al. (30) evaluated the effect of blood contamination on MTA in an ex vivo 

study by comparing the leakage of amalgam, Super EBA, IRM and the preliminary 

experimental prototype of MTA when applied to root-end cavities that were 

contaminated by blood immediately after root resection. They reported that there was no 

significant difference between dye leakage in contaminated and uncontaminated 

groups and that MTA leaked significantly less than the other materials.  

In a laboratory bacterial leakage study, Montellano et al. (31) evaluated the effect 

of blood and/or saliva contamination on bacterial penetration of root-end cavities that 

were filled by tooth coloured MTA after root-end resection. Saliva-contaminated 

specimens demonstrated significantly more bacterial penetration than the 

uncontaminated group. However, blood contamination had no significant effect on 

bacterial penetration of root-end cavities that were filled by MTA.  

Conversely, when evaluating the retention characteristics of MTA in simulated 

furcation perforations, reported that in the blood contaminated group, MTA had 

significantly less resistance to displacement compared to the uncontaminated group at 
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7 days (32). Therefore, they recommended that blood should be removed before the 

placement of MTA. In contrast, Arens and Torabinejad (33) recommended that 

perforation sites should not be dried before the placement of MTA. In addition, Sluyk et 

al. (34) reported that the presence of moisture in a perforation site resulted in good 

adaptation of MTA to the perforation walls. Furthermore, they recommended a 

moistened matrix be positioned in the perforation defect before placement of MTA for 

ease of MTA condensation and to prevent over-extrusion of the material. However, Al-

Daafas and Al-Nazhan (35) found the use of an internal matrix beneath MTA, preventing 

its direct contact with the tissues, produced an adverse healing response and reduced 

connective tissue attachment and bone formation in the site of the perforation. 

The absence of the acicular crystals was also reported as a result of exposure of 

MTA specimens to blood contaminated. Spot analysis of the acicular crystals by EDX 

indicated that they were rich in sulphur and aluminium as compared to the background 

matrix, suggestive of ettringite crystals (20). Lee et al. (70), Kayahan et al. (83) and 

Nekoofar et al. (84, 85) associated the lack of acicular crystals with the reductions in 

compressive strength and surface microhardness of acid and blood-contaminated MTA.  

Jasiczak and Zielinski (52) demonstrated the air entrainment effect of red blood 

cells when mixed with Portland cement. Remadnia et al. (86) revealed that haemoglobin 

or whole animal blood when used as an admixture to portland cement resulted in the 

increased porosity of the material, which is in accordance with the results of Nekoofar et 
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al. (20). Formation of microchannels and interconnected pore networks is key for the full 

formation of crystalline phases (87) and the progression of hydration (51). 

Charland et al. (88) evaluated the abilities of MTA and ESRRM to set in the presence of 

human blood. The setting times for both materials in this study were much longer than 

those reported by the respective manufacturers. All samples of MTA were set by 36 

hours, whereas the ESRRM samples were not completely set by 48 hours. Accordingly, 

Alhodiry et al. (89) tested the effect of contamination with fresh blood on the setting 

time of MTA and Biodentine. The mean setting time of Biodentine and MTA for the 

blood-contaminated samples were 46 and 114 minutes respectively. The results showed 

that the setting time was significantly different and prolonged for both Portland cement 

and Biodentine when contaminants were added. 

Therefore, there is a basis for the recommendation that clinicians should attempt to 

control bleeding when placing MTA in any clinical situation. Interestingly, white MTA had 

greater hardness than gray MTA irrespective of the level of blood contamination. 

However, quite unexpectedly, white MTA mixed with blood had a greater hardness than 

white MTA only exposed to blood, and was harder than all other experimental groups. 

The reason for this difference is unclear, and further investigation is warranted. If 

contamination with blood is unavoidable, white MTA may be a preferred choice over 

gray MTA. The same study also found that the surface microhardness values of MTA 

after 6 months were similar to those after 4 days (85). 
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Bioactivity 

Bioactivity is the ability of a biomaterial to induce a specific biological response. 

One of the characteristics of MTA is its ability to form a hydroxyapatite(8) or apatite-like 

layer(10) on its surface when it comes in contact with phosphate containing fluids, a 

phenomenon called biomineralization. The ISO 23317 method is used to evaluate layers 

precipitated on the materials. Molds are filled with prepared cements. SEM with EDX 

provides qualitative and semi-quantitative measurements of atomic calcium and 

phosphorous to calculate the superficial calcium to phosphorus atomic (Ca/P) ratios (90, 

91). The mechanism of apatite formation on calcium silicate MTA cements in phosphate-

containing solutions was summarized by Gandolfi et al. (11) in 11 steps. The growth of a 

layer of apatite is an ideal environment for stem cell and osteoblast differentiation and 

colonization to support new bone formation (92). The presence of an extensive spatite 

layer on materials promotes the adsorption of proteins and the formation of a protein 

layer that favours osteoblast adhesion (93, 94). Apatite together with the epigenetic 

signals correlated to ion release may well explain the excellent clinical outcomes of MTA 

cements (95). Moreover, the ability to form apatite may provide clinical advantages by 

improving their sealing by the deposition of calcium phosphates. 

Apatite formation 

The apatite forming ability of a material in the presence of phosphate-containing 

solutions is achieving bonds between the material and bone (96). Various calcium 
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silicate-based materials are reported to show this ability (75, 97). The formation of 

apatite layer on the calcium silicate-based materials occured following chemical 

reactions between products from materials and solutions (figure 2). Ion exchange 

occurs following hydration of calcium silicate particles and form calcium silicate hydrate 

and calcium hydroxide, that creates an alkaline environment. Although these reactions 

occur almost immediately after cement hydration and continuous release of calcium and 

silicon ions after initial setting. Calcium carbonate is formed from the surface 

carbonation of cements by reaction of the calcium hydroxide with the carbon dioxide in 

environment. Cation exchange increases the hydroxyl concentration of the solution. The 

surfaces of the calcium silicate particles are attack by hydroxyl ions in solution, resulting 

in hydrolysis of SiO4- group in an alkaline environment. The result is the formation of an 

amorphous calcium silicate hydrate phase. Calcium silicate hydrate containing silanol 

(Si-OH) groups, which negative charges surface occur (SiO-; deprotonation of silanol 

groups at alkaline pH) and interaction with calcium ions, resulting in an increase of 

cations on the set cement surface that may act as nucleation sites for apatite formation 

(96). When the set calcium silicate cement is immersed in phosphate-containing 

solutions, interaction between calcium from the cement and phosphate from the 

solution, which results in the formation of an amorphous calcium phosphate phase at 

nucleation site. The amorphous calcium phosphate undergoes phase transformation 

over time into apatite.  
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Figure 2: Apatite formation 

pH and Ion releasing 

It has been suggested, by both in vitro and in vivo studies, that the mechanism of 

pulp wound healing by the deposition of mineralized apatite depends on pH and the 

ability of calcium ion-release (47, 98). Moisture facilitates the hydration reactions of 

calcium silicates to produce calcium silicate hydrogel and calcium hydroxide, which 
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partially react with the phosphate to form hydroxyapatite and water (99, 100). Despite 

the fact that the formation of apical barriers is highly successful using calcium 

hydroxide, this material is quickly resorbed when in contact with the apical tissues, 

making it necessary to follow the clinical case long-term to confirm the formation of the 

barrier. MTA offers a barrier with excellent sealing properties and a high degree of 

biocompatibility (101). 

X-ray diffractometer (XRD) 

XRD analysis identifies the crystalline phases of cements, but not amorphous 

structures. The principle of XRD analysis is to compare the experimental pattern with a 

pattern simulated based on the presumed amounts, crystal parameters and equipment 

parameters of a mixture of known phases. The XRD is used to semi-quantitatively 

identify and quantify the main phases related to the MTA hydration process: tricalcium 

silicate, dicalcium silicate, calcium hydroxide, ettringite, bismuth oxide, and tricalcium 

aluminate. Tricalcium silicate and dicalcium silicate, that is, the main crystalline phases 

involved in the hydration of MTA (59, 63, 64, 102), were detected in the XRD analysis. 

Diffraction patterns provide information on the chemical characterization of cements, 

which is relevant to the understanding of the material’s performance (59). One 

disadvantage of XRD is that it may not accurately identify some compounds with 

ingredients in quantities of less than 5% (64). Phase compositions of MTA specimens 

from each group are determined using an x-ray diffractometer and CuKa radiation. To 
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identify crystalline compounds, all patterns are matched using the database of the 

International Centre for Diffraction Data. The Rietveld refinement tool is used for the 

quantitative analysis of phases. It has already been reported that tricalcium silicate is 

one of the main phases present in unhydrated cements, accounting for a large portion of 

the MTA (59, 64, 102) and Portland cement powder (59, 63, 103). The percentage of 

calcium silicate will depend on the type of cement and on the manufacturing process 

(104). Although a large proportion of calcium silicate in relation to other phases was 

observed in the powders (59, 102), the real percentage of the compound was not 

calculated due to the presence of several uncharacterized peaks resulting from an 

amorphous phase or a combination of phases with low crystallinity. The use of internal 

reference patterns in the XRD analysis would allow the identification and quantification 

of amorphous phases (59). 

Scanning electron microscope (SEM) and Energy-dispersive X-ray 

spectroscopy (EDX) 

Scanning electron microscope (SEM), accompanied by x-ray analysis, is 

considered a relatively rapid, inexpensive and basically nondestructive approach to 

surface analysis It is often used to survey surface analytical problems before 

proceeding to techniques that are more surface sensitive and specialized. Energy-

dispersive X-ray spectroscopy (EDX) is an analytical technique that qualitatively and 

quantitatively identifies the elemental composition of materials analyzed in an SEM, 
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which generally analyzes the top two microns of the sample with a spatial resolution of 

one micron. EDX analysis is used to identify essential compounds of the bioceramic 

cements, such as calcium, aluminum, bismuth, silicon, and sulfur.  

An SEM is a powerful tool for microstructural evaluation of dental materials. In the 

SEM technique, an electron beam scans the surface of the sample to produce a variety 

of signals, the characteristics of which depend on many factors including the energy of 

an electron beam and the nature of the sample. Three types of signals provide the 

greatest amount of information in SEM: the secondary electrons (SE), back-scattered 

electrons (BSE), and x-rays (105). SE are emitted from the atoms on the surface, which 

produce a readily interpreted image, the contrast of which is determined by the sample 

morphology. The small diameter of the primary electron beam helps in obtaining a high 

resolution image. Back-scattered electrons are primary beam electrons that are 

reflected from atoms. The atomic number of the sample elements determines the image 

contrast of a back-scattered micrograph (106). Therefore, the image obtained with the 

back-scattered mode will show the distribution of different chemical phases in a sample. 

However, the resolution in such an image is not as good as that obtained through the 

secondary electrons due to the emission of electrons from different depths in the sample 

(107). 

The hydration dynamics and mechanisms of bioceramic materials can be 

analyzed by several different methods including microscopy, elemental analysis, and 
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phase analysis (59, 75, 103, 108). The x-ray diffractogram identifies crystalline and 

particular phases in the materials. SEM is well suited for the study of material surface 

microstructures. EDX analysis allows qualitative analysis of the various elements on the 

surface layers of the materials.  According to Camilleri et al. (75) these techniques are 

an adjunct to phase analysis by XRD and aid to verify the phases identified where peak 

overlap exists which is the main disadvantage with the use of XRD to analyze cement 

based materials. To overcome this problem, a method developed by Rietveld et al. (109) 

can be employed. In this method, powder diffraction analysis is standardized using 

calculated reference diffraction patterns that are based on models of crystal structures 

(110). 

Inductively Coupled Plasma – Optical Emission Spectrometer (ICP-OES) 

Inductively Coupled Plasma – Optical Emission Spectrometer (ICP-OES) is an 

analytical technique used for elemental determinations. The sample is subjected to 

temperatures high enough to cause not only dissociation into atoms but to cause 

signigicant amounts of collisional excitation of the sample atoms to take place. Once the 

atoms or ions are in thier excited states, they can decay to lower states through thermal 

or radiative (emission) energy transitions. In OES, the intensity of the light emitted at 

specific wavelengths is measured and used to determine the concentrations of the 

elements of interest. 
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One of the most important advantages of OES results from the excitation 

properties of the high temperature sources used in OES. These thermal excitation 

sources can populate a large number of different energy levels for several different 

elements at the same time. All of the excited atoms and ions can then emit their 

characteristic radiation at nearly the same time. This results in the flexibility to choose 

from several different emission wavelengths for an element and in the ability to measure 

emission from several different elements concurrently. However, a disadvantage 

associated with this feature is that as the number of emission wavelengths increases, 

the probability also increases for interferences that may arise from emission lines that 

are too close in wavelength to be measured seperately (111). 
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CHAPTER III RESEARCH METHODOLOGY 

Target Population 

Calcium silicate-based materials 

Sample 

WMTA, Biodentine, TRRM 

Independent Variables 

Blood contamination 

Material 

Time observed 

Dependent Variables 

Time of apatite formation 

Calcium to phosphorus atomic ratio 

Concentration of calcium, silicon and phosphorus ions 

Control variables 

Volume of blood and normal saline, size of the materials, amount of phosphate buffered 

solution and deionized water 

Confounding Factors 

Human error from mold preparation and removal of samples from mold 
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Hypothesis 

Hypothesis I 

H0; There is no difference in chemical composition of three calcium silicate-based 

materials between the presence and absence of blood. 

H1; There is at least one difference from the others in chemical composition among 

three calcium silicate-based materials between the presence and absence of blood. 

Hypothesis II 

H0; There is no difference in ion releasing of three calcium silicate-based materials 

between the presence and absence of blood. 

H1; There is at least one difference from the others in ion releasing among three 

calcium silicate-based materials between the presence and absence of blood. 

Ethical Consideration 

Ethical issue was approved by Research Ethics Committee of Faculty of 

Dentistry, Chulalongkorn University (HREC-DCU 2017-051) because of using human 

blood. 

Materials 

1. ProRoot MTA (WMTA; Dentsply Maillefer, Tulsa, OK, USA) 

2. Biodentine (Septodont, Saint Maur des Fossés, France) 

3. TotalFill BC RRM (TRRM; BUSA, BRASSELER, Savannah, GA, USA) 
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4. Plaster of Paris 

5. 20-mm diameter, 2-mm height PVC ring 

6. Incubator 

7. Phosphate buffered solution (PBS) 

8. Deionized water 

9. Vacuum desiccator  

10. UV light chamber 

11. X-ray diffractometer (XRD; D8 Discover, Bruker, Karlsruhe, Germany)  

12. Scanning Electron Microscope (SEM; JSM-6610LV, JEOL, Tokyo, Japan) and 

Energy Dispersive X-Ray Spectrometer (X-MaxN 50, Oxford instruments, Oxfordshire, 

United Kingdom) 

13. 15 ml centrifuge tube 

14. Micropipette 

15. Human blood  

16. Normal saline solution 

Methods 

Three calcium silicate-based materials, ProRoot MTA (WMTA; Dentsply Maillefer, 

Tulsa, OK, USA), Biodentine (Septodont, Saint Maur des Fossés, France) and TotalFill 

BC RRM (TRRM; BUSA, BRASSELER, Savannah, GA, USA) were evaluated. The 

compositions and manufacturers of the test materials are given in Table 3. 
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Table 3: Composition of test materials 

Material  Composition Manufacturer 
ProRoot MTA Powder 

 
 
Liquid 

Tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, bismuth oxide,  
calcium sulphate 
Water 

Dentsply Maillefer, 
Tulsa, OK, USA 

Biodentine Powder 
 
 
Liquid 

Tricalcium silicate, dicalcium silicate, 
calcium carbonate, iron oxide, zirconium 
oxide 
Water, calcium chloride, water reducing 
agent 

Septodont, Saint 
Maur des Fossés, 
France 

TotalFill BC 
RRM 

 Tricalcium silicate, dicalcium silicate,  
calcium phosphate monobasic, 
calcium hydroxide, colloidal silica, 
water-free thickening agent 

FKG, La Chaux‐
de‐Fonds, 
Switzerland 

 

Sample preparation 

WMTA was mixed according to the manufacturer’s instructions at a 3:1 powder-to-

water ratio. Biodentine was mixed according to the manufacturer’s instructions by 

pouring 5 drops from the single-dose container into the capsule, close the capsule, 

place the capsule on an amalgamator at a speed of 4,000 rotations/minute and mix for 

30 seconds. TotalFill BC RRM was a premixed material with putty consistency. 

Whole fresh human blood was collected from a healthy consented volunteer 20 cc 

by a medical laboratory technologist in accordance with with the Human Research 

Ethics Committee of the Faculty of Dentistry, Chulalongkorn University (HREC-DCU 

2017-051).  
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Plaster of Paris molds (internal dimensions 5 mm and thickness 2 mm) which first 

stored at 37 ± 1°C in a water bath for 24 hours. 

Molds were placed on a glass slide. Each mould had been pre-filled with 10 µl of 

whole fresh blood that was then gently aspirated (Figure 3). Therefore, the internal 

surface of the mold was filled with blood prior to place test material. In groups without 

blood contamination, normal saline solution was used instead of blood. Six experimental 

groups were divided as follows.  

Group 1: WMTA mixed with distilled water without blood contamination 

(WMTA/non-blood) 

Group 2: WMTA mixed with distilled water with blood contamination (WMTA/blood) 

Group 3: Biodentine without blood contamination (Biodentine/non-blood) 

Group 4: Biodentine with blood contamination (Biodentine/blood) 

Group 5: TotalFill BC RRM without blood contamination (TRRM/non-blood) 

Group 6: TotalFill BC RRM with blood contamination (TRRM/blood) 

Each material was placed in the mold (Figure 4). Specimens were stored in an 

incubator for 1 day (37 ± 1°C, >95% relative humidity). After setting (Figure 5), all 

samples were sterilized by ultraviolet light for 30 min per side according to the methods 

of Guerreiro-Tanomaru et al.(2013) (112).  
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Figure 3: Each mold had been pre-filled with normal saline or whole fresh blood. 

 

 

 

 

Figure 4: Each material was placed in the mold. 

 

 

 

 

Figure 5: After setting of samples. 

Chemical composition analysis 

After setting, specimens were immersed individually in plastic centrifuge 

containing 5 ml. of PBS (136.4 mmol L-1 NaCl, 2.7 mmol L-1 KCl, 8.2 mmol L-1 NaH2PO4 

and 1.25 mmol L-1 KH2PO4 in 1000 mL of distilled water; pH 7.4) for 1, 7, 14 and 28 days 
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(n = 3, in each time point). PBS was replaced every 7 days. After 1, 7, 14 and 28 days 

all the samples were dried in a vacuum desiccator. Surface of samples which exposed 

to blood or normal saline were characterized by X-ray diffractometer (XRD) and 

scanning electron microscope (SEM) with energy-dispersive X-ray spectroscopy (EDX) 

analyses. XRD analysis was performed first because this is a nondestructive technique. 

This was followed by SEM and EDX analyses. 

X-ray diffraction analysis (XRD) 

Phase analysis of materials was performed using a X-ray diffractometer (XRD; D8 

Discover, Bruker, Karlsruhe, Germany) (Figure 6). The scan range was 10-65°2Ɵ with a 

scan speed of 2°2Ɵ per minute(113). Phase identification was accomplished using 

search match software using the ICDD database (International Centre for Diffraction 

Data, Newtown Square, PA). 

 

 

 

 

 

 

 

Figure 6: X-ray diffractometer. (D8 Discover, Bruker, Karlsruhe, Germany) 
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Scanning electron microscope and Energy-dispersive X-ray spectroscopy (SEM 

and EDX analysis) 

The samples were mounted on alumium stubs, pattinum coated and viewed with 

Scanning Electron Microscope (SEM; JSM-6610LV, JEOL, Tokyo, Japan) and Energy 

Dispersive X-Ray Spectroscopy (X-MaxN 50, Oxford instruments, Oxfordshire, United 

Kingdom) (Figure 7). Scanning electron micrographs of the material microstructural 

components were captured at 10,000x and EDX analysis was performed. EDX analysis 

was used to identify, quantify main composition of the samples (such as calcium, 

phosphorus, carbon, oxygen, silicon and other elements in trace amounts), which data 

were used to calculate the surface calcium-to-phosphorus atomic (Ca/P) ratios 

(stoichiometric hydroxyapatite Ca/P is 1.67) (45). 

 

 

 

 

 

Figure 7: Scanning Electron Microscope (SEM; JSM-6610LV, JEOL, Tokyo, Japan) and 

Energy Dispersive X-Ray Spectroscopy (X-MaxN 50, Oxford instruments, Oxfordshire, 

United Kingdom) 
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Ion releasing analysis (calcium, silicon and phosphorus ion) 

After setting, specimens were then immersed individually in plastic centrifuge 

containing 5 ml. of deionized water (n = 5 in each time point) (Figure 8). The evaluation 

periods were 1, 7, 14 and 28  days. Deionized water was renewed at the end of each 

time point. 

 

 

 

 

 

 

Figure 8: Each sample was immersed in deionized water. 

The pH measurements were performed on the collected solutions with pH meter (model 

710A, Thermo Scientific Orion, US). Calcium, Silicon and Phosphorus ion concentrations 

were measured through an Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES; model OPTIMA 7300DV, PerkinElmer, US).  

Statistical analysis 

pH values and ion concentration were expressed as mean and standard 

deviation. Two-way analysis of variance with the Student t test were used to determine 
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the statistical differences between the experimental groups using IBM SPSS software 

version 22 (IBM SPSS Inc, Chicago, IL, USA) at a significance level of 95%. 
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CHAPTER IV RESEARCH RESULTS 

Chemical compositions analysis 

MTA/non-blood; The XRD, SEM and EDX data of WMTA/non-blood was shown in Figure 

9. At day 1, XRD analysis showed the phase of calcium carbonate (Ca(CO3), ICDD: 01-

086-2334), calcium silicate oxide (Ca3(SiO4)O, ICDD: 01-073-0599) and bismuth oxide 

(alpha-Bi2O3, ICDD: 01-071-2274). SEM and EDX found small spherical precipitates over 

the surface and revealed elements of oxygen, carbon, calcium, silicon, phosphorus, 

sodium, bismuth and aluminium with Ca/P ratio of 5.62. At days 7, 14 and 28, large 

spherical precipitates had formed over the surface in SEM. EDX showed the increase of 

phosphorus and decrease of silicon, which Ca/P ratio decreased from 1.85 to 1.80. XRD 

analysis found hydroxyapatite (Ca10(PO4)6(OH)2, ICDD: 00-003-0747). 
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Figure 9: Chemical compositions of WMTA/non-blood after immersed in PBS for 1, 7, 14 and 28 days. 

(A1-A4) XRD analyasis of WMTA/non-blood.    = hydroxyapatite. (B1-B4) SEM and EDX analysis of 

WMTA/non-blood at x10,000 magnifications. 
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MTA/blood; The XRD, SEM and EDX data of WMTA/blood was shown in Figure 10. At 

day 1, XRD analysis displayed the phase of calcium carbonate, calcium silicate oxide 

and bismuth oxide. SEM found small spherical particles. EDX showed elements of 

oxygen, carbon, calcium, silicon, phosphorus, sodium, bismuth and aluminium with 

Ca/P ratio of 8.14. At days 7, XRD analysis showed the phases no noticeable difference. 

SEM found greater amount of small spherical particles. EDX displayed the increase of 

phosphorus and silicon with Ca/P ratio of 6.10. At days 14 and 28, large spherical 

precipitates had formed over the surface in SEM. EDX showed the increase of 

phosphorus and decrease of silicon, which Ca/P ratio decreased from 1.91 to 1.84. XRD 

analysis found hydroxyapatite. 
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Figure 10: Chemical compositions of WMTA/blood after immersed in PBS for 1, 7, 14 and 28 days. 

(A1-A4) XRD analyasis of WMTA/blood.    = hydroxyapatite. (B1-B4) SEM and EDX analysis of 

WMTA/blood at x10,000 magnifications. 
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Biodentine/non-blood; The XRD, SEM and EDX data of Biodentine/non-blood was shown 

in Figure 11. At day 1, XRD analysis displayed the phase of calcium carbonate, calcium 

silicate oxide and zirconium oxide (ZrO2, ICDD: 01-074-1200). SEM found small granular 

particles and EDX revealed oxygen, carbon, calcium, silicon, phosphorus, sodium, 

zirconium and chloride with Ca/P ratio of 6.64. At days 7, XRD analysis showed the 

phases no noticeable difference. SEM found small spherical particles and EDX 

displayed increased phosphorus and silicon with Ca/P ratio of 4.99. At days 14 and 28, 

large spherical precipitates had formed over the surface in SEM and EDX displayed the 

increase of phosphorus and decrease of silicon, which Ca/P ratio decreased from 1.95 

to 1.80. XRD analysis found hydroxyapatite. 
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Figure 11: Chemical compositions of Biodentine/non-blood after immersed in PBS for 1, 7, 14 and 28 

days. (A1-A4) XRD analyasis of Biodentine/non-blood.     = hydroxyapatite. (B1-B4) SEM and EDX 

analysis of Biodentine/non-blood at x10,000 magnifications. 
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Biodentine/blood; The XRD, SEM and EDX data of Biodentine/blood was shown in 

Figure 12. At day 1, XRD analysis displayed the phase calcium carbonate, calcium 

silicate oxide and zirconium oxide. SEM found small spherical precipitates and EDX 

revealed elements of oxygen, carbon, calcium, silicon, phosphorus, sodium, zirconium 

and chloride with Ca/P ratio of 7.73. At days 7 and 14, XRD analysis showed the phases 

no noticeable difference. SEM found greater amount of small spherical precipitates and 

EDX displayed the increase of phosphorus and silicon with Ca/P ratio of 6.32 and 4.54. 

At days 28, large spherical precipitates had formed over the surface in SEM and EDX 

showed the increase of phosphorus and decrease of silicon, which Ca/P ratio 

decreased to 1.85. XRD analysis found hydroxyapatite. 
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Figure 12: Chemical compositions of Biodentine/blood after immersed in PBS for 1, 7, 14 and 28 

days. (A1-A4) XRD analyasis of Biodentine/blood.    = hydroxyapatite. (B1-B4) SEM and EDX 

analysis of Biodentine/blood at x10,000 magnifications. 
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TRRM/non-blood; The XRD, SEM and EDX data of TRRM/non-blood was shown in Figure 

13. At day 1, XRD analysis displayed the phase of calcium carbonate, calcium silicate 

oxide, zirconium oxide and tantalum oxide (Ta2O5, ICDD: 00-025-0922). SEM found 

small spherule particles and EDX showed elements of oxygen, carbon, calcium, silicon, 

phosphorus, sodium, zirconium and tantalum with Ca/P ratio of 11.31. At days 7, XRD 

analysis showed the phases no noticeable difference. SEM found greater amount of 

small spherical precipitates and EDX displayed the increase of phosphorus and silicon 

with Ca/P ratio of 5.04. At days 14 and 28, large spherical precipitates had formed over 

the surface in SEM and EDX showed the increase of phosphorus and decrease of 

silicon, which Ca/P ratio decreased from 1.89 to 1.81. XRD analysis found 

hydroxyapatite. 
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Figure 13: Chemical compositions of TRRM/non-blood after immersed in PBS for 1, 7, 14 and 28 

days. (A1-A4) XRD analyasis of TRRM/non-blood.    = hydroxyapatite. (B1-B4) SEM and EDX analysis 

of TRRM/non-blood at x10,000 magnifications. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

54 

TRRM/blood; The XRD, SEM and EDX data of TRRM/blood was shown in Figure 14. At 

day 1, XRD analysis displayed the phase calcium carbonate, calcium silicate oxide, 

zirconium oxide and tantalum oxide. SEM found greater amount of small spherical 

precipitates and EDX revealed oxygen, carbon, calcium, silicon, phosphorus, sodium, 

zirconium and chloride with Ca/P ratio of 10.10. At days 7 and 14, XRD analysis showed 

the phases no noticeable difference. SEM found small spherical precipitates and EDX 

displayed the increase of phosphorus and silicon with Ca/P ratio of 5.13 and 4.39. At 

days 28, spherical precipitates had formed over the surface in SEM and EDX showed 

the increase of phosphorus and decrease of silicon, which Ca/P ratio decreased to 1.93. 

XRD analysis found hydroxyapatite. 
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Figure 14: Chemical compositions of TRRM/blood after immersed in PBS for 1, 7, 14 and 28 days. 

(A1-A4) XRD analyasis of TRRM/blood.    = hydroxyapatite. (B1-B4) SEM and EDX analysis of 

TRRM/blood at x10,000 magnifications. 
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Ion releasing analysis 

pH. pH of test materials immersed in deionized water for 1, 7, 14 and 28 days was 

displayed in Table 4. All test materials exhibited an alkaline pH in every evaluation time 

points (11.03-12.14). For all groups, pH value increased to a maximum level at days 7 

and then gradually decreased at days 14 to 28. There were no significant differences 

between conditions of the same material. However, Biodentine and TRRM displayed 

significantly higher pH than WMTA (P < .05) at all time points in both conditions.  

Table 4: pH of test materials when immersed in deionized water. 

Period  

(day) 

WMTA 

/non-blood 

WMTA 

/blood 

Biodentine 

/non-blood 

Biodenine 

/blood 

TRRM 

/non-blood 

TRRM 

/blood 

1 11.24 ± 0.2a  11.36 ± 0.11a  11.47 ± 0.06b  11.43 ± 0.04b  11.46 ± 0.07b   11.51 ± 0.04b  

7 11.49 ± 0.22a  11.67 ± 0.12a  12.05 ± 0.08b 12.07 ± 0.11b 12.12 ± 0.03b 12.14 ± 0.03b 

14 11.27 ± 0.25a 11.32 ± 0.21a 11.73 ± 0.2b 11.83 ± 0.01b  11.69 ± 0.14b 11.7 ± 0.15b 

28 11.03 ± 0.34a 11.3 ± 0.21a 11.63 ± 0.1b 11.59 ± 0.07b 11.55 ± 0.1b 11.41 ± 0.15b 

Mean ± SD, n = 5.  

Mean values followed by different superscripted letters were significantly different (P < .05) 

 

Calcium Ion Release. Calcium ion release of test materials immersed in deionized water 

for 1, 7, 14 and 28 days was shown in Table 5. In all groups, the calcium ion release 

increased to a maximum level at days 7 and then gradually decreased at days 14 to 28. 

There were no significant differences between conditions of the same material. 
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However, Biodentine showed significantly higher calcium ion release than WMTA at all 

time points (P < .05) and showed significantly higher calcium ion than TRRM at days 1 

and 28 (P < .05).  

Table 5: Calcium ion release (mg/L) of test materials when immersed in deionized water. 

Period  

(day) 

MTA 

/non-blood 

MTA 

/blood 

Biodentine 

/non-blood 

Biodentine 

/blood 

TRRM 

/non-blood 

TRRM 

/blood 

1 32.24 ± 18.01a   52.76 ± 39.27a  184.92 ± 41.22b 190.08 ± 23.53b 62.32 ± 32.38a 74.25 ± 22.39a 

7 66.55 ± 56.72a 84.71 ± 12.93a 215.3 ± 31.33b 197.58 ± 57.24b 195.36 ± 13.15b 193.1 ± 30.91b  

14 60.69 ± 39.13a 72.39 ± 57.72a 159.73 ± 54.09b 160.73 ± 52.76b 124.97 ± 33.87ab 121.74 ± 32.59ab  

28 38.82 ± 22.69a 39.96 ± 8.12a 114.83 ± 23.29b 113.3 ± 32.15b 83.22 ± 18.1c 65.82 ± 18.55c 

Mean ± SD, n = 5. 

Mean values followed by different superscripted letters were significantly different (P < .05) 

 

Silicon Ion Release. Silicon ion release of test materials immersed in deionized water for 

1, 7, 14 and 28 days was shown in Table 6. In all groups, the silicon ion release 

increased to a maximum level at days 7 and then gradually decreased. There were 

significant differences both conditions and materials in each time point. In non-blood-

contaminated groups, all materials displayed significantly higher silicon ion release than 

blood-contaminated groups (P < .05). The WMTA/non-blood group exhibited 

significantly higher silicon ion release than other groups at all time points (P < .05).  
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Table 6: Silicon ion release (mg/L) of test materials when immersed in deionized water.  

Period  

(day) 

MTA 

/non-blood 

MTA 

/blood 

Biodentine 

/non-blood 

Biodentine 

/blood 

TRRM 

/non-blood 

TRRM 

/blood 

1 1.21 ± 0.12a 0.87 ± 0.13b 0.8 ± 0.1b 0.41 ± 0.14c 0.78 ± 0.07b  0.48 ± 0.09c 

7 1.64 ± 0.18a 1.11 ± 0.2b 0.94 ± 0.13b  0.64 ± 0.13c 0.96 ± 0.12b 0.57 ± 0.14c 

14 1.4 ± 0.2a 0.76 ± 0.18b 0.83 ± 0.13b 0.44 ± 0.08c 0.76 ± 0.11b 0.49 ± 0.04c 

28 1.49 ± 0.25a 0.85 ± 0.15b 0.79 ± 0.14b 0.4 ± 0.05c 0.7 ± 0.12b 0.41 ± 0.08c 

Mean ± SD, n = 5. 

Mean values followed by different superscripted letters were significantly different (P < .05) 

 

Phosphorus Ion Release. We could not detect phosphorus ion release in all samples. 
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CHAPTER V DISCUSSION 

The present study tested three calcium silicate-based materials that were 

introduced on the market to compare the effect of blood contamination on chemical 

compositions and ion release. The null hypothesis was disproved because there was 

difference between blood-contaminated groups and no blood-contaminated groups in 

chemical compositions and silicon ion release.  

The study about the composition of the structures of materials requires various 

methods including microstructures, elemental analysis and phase analysis. SEM is 

suited for the study of microstructures. EDX allows qualitative analysis of the elements, 

but these technique does not identify the phases of materials. In present study, XRD 

identifies the main phases related to the materials. This study showed that all specimen 

surfaces exhibited precipitation of spherical clusters after being immersed in PBS. EDX 

and XRD confirmed that the observed spherical precipitates were apatite precipitates. In 

this study, when we detected apatite from XRD, while the increase of calcium and 

phosphorus were simultaneously shown in EDX with Ca/P ratio similar to stoichiometric 

hydroxyapatite (114). High calcium and phosphorus are connected with the formation of 

apatite deposits because apatite mainly consists of calcium phosphate phase (114). 

When exposed to phosphate-containing solution, calcium silicate-based 

materials can form apatite crystals (5, 8). Our result showed that all test materials 
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presented the ability to form apatite after being immersed in PBS. Moreover, the current 

study showed that WMTA displayed earlier precipitation than Biodentine and TRRM in 

both conditions. After immersed in PBS for 7 days, apatite was only detected in the 

WMTA/non-blood group. In previous studies, apatite precipitates had been observed on 

MTA, Biodentine and EndoSequence Root Repair Material (ERRM) surfaces after 

immersed in phosphate-buffer solution (11, 27, 81). The importance of hydroxyapatite in 

supporting osteoblastic differentiation which leads to bone bonding is well known (92). 

The presence of an extensive apatite layer on biomaterials promotes the adsorption of 

proteins and the formation of a protein layer that favors osteoblast adhesion (94, 115). 

Moreover, their deposition over time improved sealing at the interface between dentin 

and materials (5). Therefore, the delay of apatite formation that may affect osteoblast 

behaviour and sealing ability between dentin and materials. Further studies are required 

to examine hard tissue formation of calcium silicated-based materials in blood-

contaminated condition. 
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The products of the chemical reactions between the materials and solutions 

formed an apatite layer on the calcium silicate-based materials. During hydration 

reaction, silanol groups (Si-OH) on calcium silicate hydrate are deprotonated at alkaline 

environment. Negative charges surface (SiO-) interacted with calcium ions, resulting in 

an increase of cations on the set cement surface that act as nucleation sites for apatite 

formation from the amorphous calcium phosphate (96). The current study showed that 

precipitation of apatite was found later in blood-contaminated specimens than non- 

blood-contaminated specimens. Furthermore, prior to detecting apatite formation, 

blood-contaminated groups displayed a lower silicon atomic percentage compared with 

non-blood-contaminated groups and slowly increased over time until apatite was found. 

Thus, blood might impede silicon on material’s surface during the hydration reaction 

leading to delayed apatite formation.   

The presence of silicon was found to be crucial for a material to exhibit 

bioactivity (116). Dissolving the material in an alkaline environment releases silicon ion 

that form the silica gel surface layer in calcium silicate hydrate gel and creates silanol 
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groups to act as sites for the nucleation of apatite from the amorphous calcium 

phosphate deposited over the silica gel layer (116). Our results indicated that for each 

material, the non-blood-contaminated groups’ silicon ion release was significantly higher 

compared with the blood-contaminated groups’. These results suggest that blood may 

reduce silicon ion release, inhibiting the development of the silica gel layer on the 

material’s surface. The role of silicon ions in hard tissue formation was suggested in 

early bone calcification and inhibition of osteoclastogenesis (117, 118). Moreover silicon 

is reported to induce remineralization of demineralized dentine in vitro (119). Our study 

showed that the release of silicon ions from WMTA was greater compared with 

Biodentine and TRRM in both conditions. Increased silicon ion release facilitates 

osteoblast differentiation and inhibits osteoclastogenesis, thus promoting the healing of 

periapical tissues (118, 120). However, whether the reduced silicon ion release in blood-

contaminated calcium silicate-based materials has an impact on hard tissue formation 

requires further study. 
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The setting reaction of calcium silicate-based materials involves the hydration 

reaction of calcium silicates which results in the production of calcium hydroxide, that 

creates a highly alkaline environment and the major source of calcium ion released from 

these materials (108). Although these reactions occur almost immediately after cement 

hydration, continuous release of calcium ion and silicon ion after initial setting which 

result in the formation of apatite. Our study demonstrated that all test materials released 

calcium and silicon ions and maintained an alkaline pH that reached its maximum value 

at day 7 and decreased over time. In current study showed that pH value and calcium 

ion release, there were no significant differences between conditions, but there were 

statistically significant difference between materials. WMTA’s calcium ion release pattern 

is comparable to that in a previous study, Camilleri (59) showed WMTA produced 

calcium ions from calcium hydroxide, a by-product of hydration, and also by 

decomposition of calcium silicate hydrate. The release of calcium ions reduced with 

time (maximum at 1 week and gradually decreased until 5 week). Our results 

demonstrated that Biodentine and TRRM had a higher pH and calcium ion release 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

64 

compared with WMTA at all experimental time points. This finding is similar to a previous 

report by Han and Okiji (81). They compared the amount of calcium ion release from 

WMTA, Biodentine and EndoSequence BC sealer, and found that Biodentine showed 

calcium ion release when immersed in distilled water more than WMTA (0-5, 5-24, 24-48, 

144-168 hours). In this regard, the higher calcium ion release from Biodentine may be 

attributable to its calcium chloride added as an accelerator (121). It has been 

demonstrated, by both in vitro and in vivo studies, that the mechanism of pulp wound 

healing by the deposition of mineralized apatite depends on pH and the ability of 

calcium ion release (122, 123) 

 The amount of phosphorus ion release could not be detected when all materials 

immersed in deionized water. This study confirmed that all test materials did not have 

the ability to release phosphorus ion. The peak of phosphorus from EDS that detected 

on surface of materials were derived from PBS.     

According to the pilot study, all test materials were placed in a 

polytetrafluoroethylene mold. After 24 hours in an incubator, we found that TRRM did not 
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set. This could be due to TRRM requires continuous exposure to moisture during setting. 

Therefore, in this study the plaster of Paris mold were stored at 37 ºC and >95% relative 

humidity for 24 hours before placing the materials as reported in previous studies (124, 

125). Plaster of paris is calcium sulphate hemihydrate which may affect chemical 

composition and ion releasing of test materials. Therefore, to control this variable, the 

plaster of Paris mold were used in all test materials. 

In the majority of endodontic applications, the material comes into contact with 

blood during placement. Many previous studies investigated MTA’s properties when it 

was mixed with blood (84, 85, 126). However, mixing MTA with blood represents a 

situation that may be far from the clinical reality in which the material comes into contact 

with fluids after placing into the cavity. This study exposed the materials to human whole 

fresh blood immediately after mixing by placing them into the mold filled to most closely 

simulate the clinical conditions. 

In the present study, whole fresh blood was collected from healthy volunteer in 

heparin tube. The advantage of using fresh, human blood is that it more closely 
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replicates the human clinical situation. Whole fresh human blood has been widely used 

in other studies (84, 85, 126). However, experiments involving whole, fresh human blood 

present difficulties such as ethical considerations, biohazard issues and obtaining 

sufficient volumes of blood over a prolonged period of time without the addition of 

anticoagulant agents.  

Based on these findings, we hypothesize that blood contamination of calcium 

silicate-based materials interrupts ion exchange during hydration and reduces the 

formation of the silanol groups that act as sites for nucleation of apatite. Blood exposure 

reduces a material’s silicon ion release. Therefore, blood may inhibit the development of 

a silica gel layer on a material’s surface. WMTA demonstrated earlier apatite formation 

and greater silicon ion release compared with Biodentine and TRRM when exposed to 

blood. In conclusion, blood contamination delayed apatite formation and decreased 

silicon ion release of calcium silicate-based materials, but not their pH or calcium ion 

release. Thus, hemorrhage control is recommended before placing the materials in 

clinical situations. 
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Limitations 

 Although XRD analysis can be performed for identification of crystalline phase, 

the substantial peak overlap caused by the large number of phases present in the 

material may occur.  

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

outcomes. Further in vivo or clinical studies will provide better understanding of 

outcome of these novel repair materials. 
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APPENDIX A 

pH 
Table 7: Descriptive Statistics: pH of day 1 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 11.2480 .20204 5 

blood 11.3680 .11167 5 

Total 11.3080 .16639 10 

Biodentine Non-blood 11.4740 .06348 5 

blood 11.4320 .04868 5 

Total 11.4530 .05774 10 

TRRM Non-blood 11.4620 .07259 5 

blood 11.5160 .04722 5 

Total 11.4890 .06437 10 

Total Non-blood 11.3947 .16084 15 

blood 11.4387 .09387 15 

Total 11.4167 .13132 30 
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Table 8: Tests of Between-Subjects Effects: pH of day 1 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .231a 5 .046 4.131 .008 

Intercept 3910.208 1 3910.208 349177.705 .000 

materials .184 2 .092 8.198 .002 

contaminate .015 1 .015 1.297 .266 

materials * contaminate .033 2 .017 1.481 .247 

Error .269 24 .011   

Total 3910.708 30    

Corrected Total .500 29    

a. R Squared = .463 (Adjusted R Squared = .351) 

 

Table 9: Pairwise Comparisons: pH of day 1 

(I) materials (J) materials 

Mean 
Difference 

(I-J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -.145* .047 .016 -.267 -.023 

TRRM -.181* .047 .002 -.303 -.059 

Biodentine WMTA .145* .047 .016 .023 .267 

TRRM -.036 .047 1.000 -.158 .086 

TRRM WMTA .181* .047 .002 .059 .303 

Biodentine .036 .047 1.000 -.086 .158 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 10: Pairwise Comparisons: pH of day 1 

(I) contaminate 
(J) 
contaminate 

Mean 
Difference 

(I-J) Std. Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -.044 .039 .266 -.124 .036 

blood Non-blood .044 .039 .266 -.036 .124 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 11: Descriptive Statistics: pH of day 7 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 11.4960 .22367 5 

blood 11.6700 .12865 5 

Total 11.5830 .19494 10 

Biodentine Non-blood 12.0540 .08849 5 

blood 12.0760 .11524 5 

Total 12.0650 .09755 10 

TRRM Non-blood 12.1220 .03421 5 

blood 12.1440 .03286 5 

Total 12.1330 .03368 10 

Total Non-blood 11.8907 .31802 15 

blood 11.9633 .23612 15 

Total 11.9270 .27768 30 
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Table 12: Tests of Between-Subjects Effects: pH of day 7 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.876a 5 .375 25.034 .000 

Intercept 4267.600 1 4267.600 284696.456 .000 

materials 1.798 2 .899 59.979 .000 

contaminate .040 1 .040 2.642 .117 

materials * contaminate .039 2 .019 1.284 .295 

Error .360 24 .015   

Total 4269.836 30    

Corrected Total 2.236 29    

a. R Squared = .839 (Adjusted R Squared = .806) 

 

Table 13: Pairwise Comparisons: pH of day 7 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -.482* .055 .000 -.623 -.341 

TRRM -.550* .055 .000 -.691 -.409 

Biodentine WMTA .482* .055 .000 .341 .623 

TRRM -.068 .055 .679 -.209 .073 

TRRM WMTA .550* .055 .000 .409 .691 

Biodentine .068 .055 .679 -.073 .209 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 14: Pairwise Comparisons: pH of day 7 

(I) contaminate (J) contaminate 

Mean 
Difference (I-

J) Std. Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -.073 .045 .117 -.165 .020 

blood Non-blood .073 .045 .117 -.020 .165 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 15: Descriptive Statistics: pH of day 14 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 11.2760 .25026 5 

blood 11.3200 .20976 5 

Total 11.2980 .21893 10 

Biodentine Non-blood 11.7300 .20457 5 

blood 11.8340 .01673 5 

Total 11.7820 .14741 10 

TRRM Non-blood 11.6980 .14220 5 

blood 11.7060 .15323 5 

Total 11.7020 .13943 10 

Total Non-blood 11.5680 .28546 15 

blood 11.6200 .26552 15 

Total 11.5940 .27216 30 
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Table 16: Tests of Between-Subjects Effects: pH of day 14 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.378a 5 .276 8.594 .000 

Intercept 4032.625 1 4032.625 125718.334 .000 

materials 1.346 2 .673 20.985 .000 

contaminate .020 1 .020 .632 .434 

materials * contaminate .012 2 .006 .183 .834 

Error .770 24 .032   

Total 4034.773 30    

Corrected Total 2.148 29    

a. R Squared = .642 (Adjusted R Squared = .567) 

 

Table 17: Pairwise Comparisons: pH of day 14 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -.484* .080 .000 -.690 -.278 

TRRM -.404* .080 .000 -.610 -.198 

Biodentine WMTA .484* .080 .000 .278 .690 

TRRM .080 .080 .984 -.126 .286 

TRRM WMTA .404* .080 .000 .198 .610 

Biodentine -.080 .080 .984 -.286 .126 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 18: Pairwise Comparisons: pH of day 14 

(I) contaminate (J) contaminate 

Mean 
Difference 

(I-J) Std. Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -.052 .065 .434 -.187 .083 

blood Non-blood .052 .065 .434 -.083 .187 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 19: Descriptive Statistics: pH of day 28 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 11.0380 .34824 5 

blood 11.3000 .21178 5 

Total 11.1690 .30479 10 

Biodentine Non-blood 11.6320 .10426 5 

blood 11.5940 .07668 5 

Total 11.6130 .08858 10 

TRRM Non-blood 11.5500 .10607 5 

blood 11.4180 .15320 5 

Total 11.4840 .14238 10 

Total Non-blood 11.4067 .33909 15 

blood 11.4373 .19193 15 

Total 11.4220 .27117 30 
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Table 20: Tests of Between-Subjects Effects: pH of day 28 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.262a 5 .252 6.961 .000 

Intercept 3913.863 1 3913.863 107923.963 .000 

materials 1.043 2 .522 14.385 .000 

contaminate .007 1 .007 .194 .663 

materials * contaminate .212 2 .106 2.919 .073 

Error .870 24 .036   

Total 3915.995 30    

Corrected Total 2.132 29    

a. R Squared = .592 (Adjusted R Squared = .507) 

 

Table 21: Pairwise Comparisons; pH of day 28 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -.444* .085 .000 -.663 -.225 

TRRM -.315* .085 .003 -.534 -.096 

Biodentine WMTA .444* .085 .000 .225 .663 

TRRM .129 .085 .429 -.090 .348 

TRRM WMTA .315* .085 .003 .096 .534 

Biodentine -.129 .085 .429 -.348 .090 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 22: Pairwise Comparisons: pH of day 28 

(I) contaminate (J) contaminate 

Mean 
Difference (I-

J) 
Std. 
Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -.031 .070 .663 -.174 .113 

blood Non-blood .031 .070 .663 -.113 .174 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 
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APPENDIX B 

Calcium ion release 
 

Table 23: Descriptive Statistics: calcium ion release of day 1 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 32.24540 18.018468 5 

blood 52.76200 39.279291 5 

Total 42.50370 30.772352 10 

Biodentine Non-blood 184.92000 41.221863 5 

blood 190.08000 23.539584 5 

Total 187.50000 31.762976 10 

TRRM Non-blood 62.32600 32.388700 5 

blood 74.25800 22.392284 5 

Total 68.29200 26.993210 10 

Total Non-blood 93.16380 74.497291 15 

blood 105.70000 68.111586 15 

Total 99.43190 70.423633 30 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

78 

Table 24: Tests of Between-Subjects Effects: calcium ion release of day 1 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 121139.858a 5 24227.972 25.632 .000 

Intercept 296601.082 1 296601.082 313.790 .000 

materials 119665.036 2 59832.518 63.300 .000 

contaminate 1178.672 1 1178.672 1.247 .275 

materials * contaminate 296.150 2 148.075 .157 .856 

Error 22685.297 24 945.221   

Total 440426.237 30    

Corrected Total 143825.155 29    

a. R Squared = .842 (Adjusted R Squared = .809) 

 

Table 25: Pairwise Comparisons: calcium ion release of day 1 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -144.996* 13.749 .000 -180.382 -109.610 

TRRM -25.788 13.749 .219 -61.174 9.598 

Biodentine WMTA 144.996* 13.749 .000 109.610 180.382 

TRRM 119.208* 13.749 .000 83.822 154.594 

TRRM WMTA 25.788 13.749 .219 -9.598 61.174 

Biodentine -119.208* 13.749 .000 -154.594 -83.822 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 26: Pairwise Comparisons: calcium ion release of day 1 

(I) contaminate 
(J) 
contaminate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -12.536 11.226 .275 -35.706 10.634 

blood Non-blood 12.536 11.226 .275 -10.634 35.706 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 27: Descriptive Statistics: calcium ion release of day 7 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 66.55400 56.722870 5 

blood 84.71800 12.936979 5 

Total 75.63600 39.950281 10 

Biodentine Non-blood 215.30000 31.332332 5 

blood 197.58000 57.244100 5 

Total 206.44000 44.496447 10 

TRRM Non-blood 195.36000 13.151540 5 

blood 193.10000 30.914317 5 

Total 194.23000 22.428655 10 

Total Non-blood 159.07133 76.847987 15 

blood 158.46600 64.609111 15 

Total 158.76867 69.758711 30 
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Table 28: Tests of Between-Subjects Effects: calcium ion release of day 7 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 106033.617a 5 21206.723 14.505 .000 

Intercept 756224.685 1 756224.685 517.247 .000 

materials 104411.025 2 52205.512 35.708 .000 

contaminate 2.748 1 2.748 .002 .966 

materials * contaminate 1619.844 2 809.922 .554 .582 

Error 35088.437 24 1462.018   

Total 897346.740 30    

Corrected Total 141122.054 29    

a. R Squared = .751 (Adjusted R Squared = .700) 

 

Table 29: Pairwise Comparisons: calcium ion release of day 7 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -130.804* 17.100 .000 -174.813 -86.795 

TRRM -118.594* 17.100 .000 -162.603 -74.585 

Biodentine WMTA 130.804* 17.100 .000 86.795 174.813 

TRRM 12.210 17.100 1.000 -31.799 56.219 

TRRM WMTA 118.594* 17.100 .000 74.585 162.603 

Biodentine -12.210 17.100 1.000 -56.219 31.799 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 30: Pairwise Comparisons: calcium ion release of day 7 

(I) contaminate (J) contaminate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood .605 13.962 .966 -28.211 29.421 

blood Non-blood -.605 13.962 .966 -29.421 28.211 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 31: Descriptive Statistics: calcium ion release of day 14 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 60.69800 39.139321 5 

blood 72.39000 57.724346 5 

Total 66.54400 46.901437 10 

Biodentine Non-blood 159.73200 54.096138 5 

blood 160.73200 52.761531 5 

Total 160.23200 50.379874 10 

TRRM Non-blood 124.97400 33.873668 5 

blood 121.74000 32.593680 5 

Total 123.35700 31.385135 10 

Total Non-blood 115.13467 58.351302 15 

blood 118.28733 58.744658 15 

Total 116.71100 57.552338 30 
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Table 32: Tests of Between-Subjects Effects: calcium ion release of day 14 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 44920.151a 5 8984.030 4.217 .007 

Intercept 408643.726 1 408643.726 191.793 .000 

materials 44549.746 2 22274.873 10.454 .001 

contaminate 74.545 1 74.545 .035 .853 

materials * contaminate 295.859 2 147.930 .069 .933 

Error 51135.725 24 2130.655   

Total 504699.601 30    

Corrected Total 96055.875 29    

a. R Squared = .468 (Adjusted R Squared = .357) 

 

Table 33: Pairwise Comparisons: calcium ion release of day 14 

(I) materials (J) materials 

Mean 
Difference 

(I-J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -93.688* 20.643 .000 -146.816 -40.560 

TRRM -56.813* 20.643 .033 -109.941 -3.685 

Biodentine WMTA 93.688* 20.643 .000 40.560 146.816 

TRRM 36.875 20.643 .260 -16.253 90.003 

TRRM WMTA 56.813* 20.643 .033 3.685 109.941 

Biodentine -36.875 20.643 .260 -90.003 16.253 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 34: Pairwise Comparisons: calcium ion release of day 14 

(I) contaminate (J) contaminate 

Mean 
Difference (I-

J) 
Std. 
Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood -3.153 16.855 .853 -37.939 31.634 

blood Non-blood 3.153 16.855 .853 -31.634 37.939 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 

 

Table 35: Descriptive Statistics: calcium ion release of day 28 

materials contaminate Mean Std. Deviation N 

WMTA Non-blood 38.82000 22.696696 5 

blood 39.96200 8.127688 5 

Total 39.39100 16.083317 10 

Biodentine Non-blood 114.83600 23.290674 5 

blood 113.30400 32.159261 5 

Total 114.07000 26.483877 10 

TRRM Non-blood 83.22000 18.100927 5 

blood 65.82400 18.557627 5 

Total 74.52200 19.563766 10 

Total Non-blood 78.95867 37.912709 15 

blood 73.03000 37.431578 15 

Total 75.99433 37.140260 30 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

84 

Table 36: Tests of Between-Subjects Effects: calcium ion release of day 28 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 28682.962a 5 5736.592 12.163 .000 

Intercept 173254.161 1 173254.161 367.336 .000 

materials 27917.282 2 13958.641 29.595 .000 

contaminate 263.618 1 263.618 .559 .462 

materials * contaminate 502.062 2 251.031 .532 .594 

Error 11319.608 24 471.650   

Total 213256.730 30    

Corrected Total 40002.570 29    

a. R Squared = .717 (Adjusted R Squared = .658) 

Table 37: Pairwise Comparisons: calcium ion release of day 28 

(I) materials (J) materials 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

WMTA Biodentine -74.679* 9.712 .000 -99.675 -49.683 

TRRM -35.131* 9.712 .004 -60.127 -10.135 

Biodentine WMTA 74.679* 9.712 .000 49.683 99.675 

TRRM 39.548* 9.712 .001 14.552 64.544 

TRRM WMTA 35.131* 9.712 .004 10.135 60.127 

Biodentine -39.548* 9.712 .001 -64.544 -14.552 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 38: Pairwise Comparisons: calcium ion release of day 28 

(I) contaminate (J) contaminate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound 

Non-blood blood 5.929 7.930 .462 -10.438 22.296 

blood Non-blood -5.929 7.930 .462 -22.296 10.438 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Bonferroni. 
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APPENDIX C 

Silicon ion release 
 

Table 39: Descriptive Statistics: silicon ion release of day 1 

materials contaminate Mean Std. Deviation N 

MTA no blood 1.21860 .128683 5 

blood .87900 .136079 5 

Total 1.04880 .218232 10 

Biodentine no blood .80060 .101095 5 

blood .41720 .142224 5 

Total .60890 .233162 10 

TRRM no blood .78480 .075761 5 

blood .48460 .099427 5 

Total .63470 .178824 10 

Total no blood .93467 .229181 15 

blood .59360 .241540 15 

Total .76413 .289147 30 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

87 

Table 40: Tests of Between-Subjects Effects: silicon ion release of day 1 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 2.100a 5 .420 31.053 .000 

Intercept 17.517 1 17.517 1295.152 .000 

materials 1.219 2 .609 45.059 .000 

contaminate .872 1 .872 64.506 .000 

materials * contaminate .009 2 .004 .320 .729 

Error .325 24 .014   

Total 19.942 30    

Corrected Total 2.425 29    

a. R Squared = .866 (Adjusted R Squared = .838) 

 

Table 41: Pairwise Comparisons: silicon ion release of day 1 

(I) materials (J) materials 

Mean 
Difference (I-

J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

MTA Biodentine .440* .052 .000 .306 .574 

TRRM .414* .052 .000 .280 .548 

Biodentine MTA -.440* .052 .000 -.574 -.306 

TRRM -.026 .052 1.000 -.160 .108 

TRRM MTA -.414* .052 .000 -.548 -.280 

Biodentine .026 .052 1.000 -.108 .160 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 42: Pairwise Comparisons: silicon ion release of day 1 

(I) contaminate (J) contaminate 

Mean 
Difference (I-

J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

no blood blood .341* .042 .000 .253 .429 

blood no blood -.341* .042 .000 -.429 -.253 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

 

Table 43: Descriptive Statistics: silicon ion release of day 7 

materials contaminate Mean Std. Deviation N 

MTA no blood 1.64860 .182526 5 

blood 1.11860 .208674 5 

Total 1.38360 .334945 10 

Biodentine no blood .94120 .130080 5 

blood .64460 .136256 5 

Total .79290 .200520 10 

TRRM no blood .96020 .123163 5 

blood .57380 .143233 5 

Total .76700 .239444 10 

Total no blood 1.18333 .367042 15 

blood .77900 .293744 15 

Total .98117 .385970 30 
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Table 44: Tests of Between-Subjects Effects: silicon ion release of day 7 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 3.728a 5 .746 30.221 .000 

Intercept 28.881 1 28.881 1170.584 .000 

materials 2.433 2 1.216 49.300 .000 

contaminate 1.226 1 1.226 49.698 .000 

materials * contaminate .069 2 .035 1.404 .265 

Error .592 24 .025   

Total 33.201 30    

Corrected Total 4.320 29    

a. R Squared = .863 (Adjusted R Squared = .834) 

Table 45: Pairwise Comparisons: silicon ion release of day 7 

(I) materials (J) materials 

Mean 
Difference (I-

J) Std. Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

MTA Biodentine .591* .070 .000 .410 .771 

TRRM .617* .070 .000 .436 .797 

Biodentine MTA -.591* .070 .000 -.771 -.410 

TRRM .026 .070 1.000 -.155 .207 

TRRM MTA -.617* .070 .000 -.797 -.436 

Biodentine -.026 .070 1.000 -.207 .155 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 46: Pairwise Comparisons: silicon ion release of day 7 

(I) contaminate (J) contaminate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

no blood blood .404* .057 .000 .286 .523 

blood no blood -.404* .057 .000 -.523 -.286 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

 

Table 47: Descriptive Statistics: silicon ion release of day 14 

materials contaminate Mean Std. Deviation N 

MTA no blood 1.40840 .204542 5 

blood .76840 .180313 5 

Total 1.08840 .383174 10 

Biodentine no blood .83320 .133061 5 

blood .44560 .086495 5 

Total .63940 .230056 10 

TRRM no blood .76260 .112021 5 

blood .49120 .048142 5 

Total .62690 .164523 10 

Total no blood 1.00140 .332006 15 

blood .56840 .184090 15 

Total .78490 .343602 30 
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Table 48: Tests of Between-Subjects Effects: silicon ion release of day 14 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 2.966a 5 .593 31.113 .000 

Intercept 18.482 1 18.482 969.312 .000 

materials 1.382 2 .691 36.252 .000 

contaminate 1.406 1 1.406 73.748 .000 

materials * contaminate .178 2 .089 4.656 .020 

Error .458 24 .019   

Total 21.906 30    

Corrected Total 3.424 29    

a. R Squared = .866 (Adjusted R Squared = .838) 

Table 49: Pairwise Comparisons: silicon ion release of day 14 

(I) materials (J) materials 

Mean 
Difference (I-

J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

MTA Biodentine .449* .062 .000 .290 .608 

TRRM .461* .062 .000 .303 .620 

Biodentine MTA -.449* .062 .000 -.608 -.290 

TRRM .012 .062 1.000 -.146 .171 

TRRM MTA -.461* .062 .000 -.620 -.303 

Biodentine -.012 .062 1.000 -.171 .146 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 50: Pairwise Comparisons: silicon ion release of day 14 

(I) contaminate (J) contaminate 

Mean 
Difference (I-

J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

no blood blood .433* .050 .000 .329 .537 

blood no blood -.433* .050 .000 -.537 -.329 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

 

Table 51: Descriptive Statistics: silicon ion release of day 28 

materials contaminate Mean Std. Deviation N 

MTA no blood 1.49920 .258976 5 

blood .85960 .154029 5 

Total 1.17940 .392413 10 

Biodentine no blood .79500 .147948 5 

blood .40140 .052434 5 

Total .59820 .232344 10 

TRRM no blood .70920 .121798 5 

blood .41980 .084916 5 

Total .56450 .181831 10 

Total no blood 1.00113 .404802 15 

blood .56027 .240177 15 

Total .78070 .396511 30 
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Table 52: Tests of Between-Subjects Effects: silicon ion release of day 28 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 4.010a 5 .802 34.998 .000 

Intercept 18.285 1 18.285 798.016 .000 

materials 2.390 2 1.195 52.157 .000 

contaminate 1.458 1 1.458 63.621 .000 

materials * contaminate .162 2 .081 3.528 .045 

Error .550 24 .023   

Total 22.844 30    

Corrected Total 4.559 29    

a. R Squared = .879 (Adjusted R Squared = .854) 

Table 53: Pairwise Comparisons: silicon ion release of day 28 

(I) materials (J) materials 

Mean 
Difference (I-

J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

MTA Biodentine .581* .068 .000 .407 .755 

TRRM .615* .068 .000 .441 .789 

Biodentine MTA -.581* .068 .000 -.755 -.407 

TRRM .034 .068 1.000 -.141 .208 

TRRM MTA -.615* .068 .000 -.789 -.441 

Biodentine -.034 .068 1.000 -.208 .141 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Table 54: Pairwise Comparisons: silicon ion release of day 28 

(I) contaminate (J) contaminate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig.b 

95% Confidence Interval for 
Differenceb 

Lower Bound Upper Bound 

no blood blood .441* .055 .000 .327 .555 

blood no blood -.441* .055 .000 -.555 -.327 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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