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Chapter 7

Bioactivity potential of EndoSequence BC RRM-

putty

This chapter is in press in Journal of Endodontics: Amir T. Moinzadeh, 

Carlos Aznar Portoles, Pierre Schembi Wismayer, Josette Camilleri.
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Abstract

Objective The aim of this study was to characterize and assess the 

interaction of EndoSequence BC RRM-putty in contact with blood and 

simulated body fluid. Tricalcium silicate-based materials are in contact with 

blood and tissue fluids during and after their setting. These materials are 

hydraulic thus their properties improve in moist conditions. However, 

specific environmental conditions may modify the material setting. 

Methods EndoSequence BC RRM-putty was characterized by scanning 

electron microscopy, energy dispersive spectroscopy and X-ray diffraction

analysis. This was done before setting and after contact with water, Hanks 

balanced salt solution (HBSS) and heparinized whole blood. Furthermore 

characterization of an explanted material from a failed root-end surgery was 

performed.

Results The EndoSequence BC RRM-putty was composed of tricalcium 

silicate, tantalum oxide and zirconium oxide. The tricalcium silicate reaction 

led to the formation of calcium hydroxide and this was evident over the 

putty in contact with water and HBSS. In the latter there was also the 

formation of globular crystals synonymous with hydroxyapatite formation. 

The material in contact with blood exhibited a poorly crystalline surface 

with additional peaks for calcium, phosphorus and chlorine while the 

material retrieved from the failed root-end surgery had deposition of 

calcium carbonate on its surface.

Conclusions The environmental conditions affect the hydration of the 

EndoSequence RMM-putty and consequentially the material interaction 

with the environment. However, in vitro material assessment may not be 

representative of the clinical situation because the carbon dioxide present in 
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vivo leads to the formation of calcium carbonate rather than the 

hydroxyapatite reported in in vitro studies.

Introduction 

Materials based on tricalcium silicate (TCS) are hydraulic as they have the 

ability to set in the presence of moisture (1). This property is very well 

recognized for Portland cement used in the construction industry and was 

thus behind the inception of mineral trioxide aggregate (MTA) which was 

introduced as a root-end filling material for this purpose (2). Recently 

developed materials are based on tricalcium silicate cement. One 

particularity of TCS-based materials is their potential to express bioactivity, 

which is considered as a surrogate for bone-bonding ability (3). Several 

studies have evaluated the ability of different TCS-based materials used in 

dentistry to precipitate apatite onto their surface when immersed in 

simulated body fluid (SBF) (4-6). However, immersion in SBF represents a 

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

comes concomitantly into contact with fluids such as blood plasma, 

irrigation and body fluids. Therefore, it seems fair to question whether such 

an environment could effectively promote the hydration of the material and 

ultimately its bioactivity.

EndoSequence BC RRM-putty (ERRM) (Brasseler USA, Savannah, GA, 

USA) is a TCS-based material that is commercialized as a root repair

material that can be used for perforation repair, resorption repair, root-end 

closure procedures, pulp capping and retrograde filling material during 

surgical procedure (7). It is available in paste or putty consistency and the 

manufacturer claims that it has osteogenic potential.
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The aim of this study was to characterize and assess the interaction of 

ERRM in contact with heparinized blood and SBF and thus evaluate 

whether the particular environments effect the hydration and bioactivity of 

the material.

Materials and methods

ERRM regular set was investigated. One sample of the material was 

retrieved from a failed root-end restoration after having been in function for 

6 months. The other groups tested included unset putty and putty immersed 

in water, Hank’s balanced salt solution (HBSS, H6648, Sigma Aldrich, St. 

Louis, MO, USA) and whole heparinized blood for a period of 28 days at 

37°C. The solutions were refreshed daily. 

Retrieval of material from failed root-end restoration 

A 33 year-old female patient was seen in consultation with chief complaint 

of pain with chewing and a sinus tract buccal of tooth #8 (Fig 7.1a). The 

tooth was painful on percussion and palpation. The mobility and probing 

depths recorded were within normal limits. A periapical radiograph revealed 

a radiolucency at the apical third of tooth #8 (Fig 7.1b) that had been 

microsurgically treated 6 months earlier because of persistent apical 

periodontitis after conventional root canal treatment. Briefly, the root tip had 

been resected, 3 mm retro-prepared and retrofilled with ERRM putty. 

According to the patient, a sinus tract appeared shortly after the surgical 

treatment. At this point and after discussing all alternative treatment options, 

the patient opted for a new surgical retreatment. 

The root-end filling material was retrieved following a submarginal incision 

and raising a mucoperiosteal flap to expose the previously resected root tip 
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(Fig 7.1c). The previous apical retrofilling was carefully removed using an 

ultrasonic tip (Apical Surgery set; Satelec, Mérignac, France) and was 

sealed in a container and placed in a carbon dioxide-free environment. The 

tooth was retrofilled again and the flap sutured in place. 

Material characterization

The ERRM putty was characterized by X-ray diffraction (XRD), scanning 

electron microscopy (SEM), and energy-dispersive spectroscopy (EDS). 

The fresh putty was shaped into diskettes 5 mm in diameter with a 1-mm 

height. One group was tested without any further preparation. The materials 

stored in water, HBSS and heparinized blood were first removed from the 

soaking solution. All the subgroups with set materials including the 

explanted putty were dried in a vacuum desiccator in a carbon dioxide-free 

environment. XRD analysis was performed first because this was a non-

destructive technique. This was followed by SEM and EDS analysis.

XRD

Phase analysis of materials was performed using a Bruker D8 diffractometer 

(Bruker Corp., Billerica, MA, USA) with Co Kα radiation (1.79A˚). The X-

ray patterns were acquired in 2θ (15–45°) with a step of 0.02° and 0.6 

seconds per step. Phase identification was accomplished using search match 

software using the ICDD database (International Centre for Diffraction 

Data, Newtown Square, PA, USA).

SEM and EDS Analyses

The samples were mounted on aluminum stubs, carbon coated, and viewed 

with a scanning electron microscope (Zeiss MERLIN Field Emission SEM, 
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Carl Zeiss NTS GmbH, Oberkochen, Germany). Scanning electron 

micrographs of the material microstructural components at different 

magnifications in secondary electron mode were captured and EDS was 

performed.

Results

The scanning electron micrographs, EDS and XRD analyses of the unset 

putty and the putty exposed to different environmental conditions are shown 

in Fig 7.2. The unset putty exhibited a smooth surface topography. EDS 

analysis showed peaks for calcium, silicon, oxygen, tantalum, and 

zirconium with minor peaks for sodium and sulphur. XRD analysis showed 

the phases present, namely monoclinic tricalcium silicate (ICDD: 00-049-

0442) with the main peaks at 29.30, 32.13, 32.46, 34.28°2θ. Zirconium 

oxide (ICDD: 00-037-1484) with the main peaks at 28.17, 31.47°2θ, and 

tantalum oxide (ICDD: 01-081-8067) at 22.83, 28.26 and 36.64°2θ were 

also present. 

Specimens in contact with water exhibited a smooth surface topography 

with clusters of elongated crystals, which exhibited peaks for calcium and 

oxygen and were identified as calcium hydroxide (ICDD: 00-004-0733) 

with the main peaks at 18.09 and 34.09°2θ. The material soaked in HBSS 

exhibited similar calcium hydroxide deposits in addition to globular deposits 

over the material surface shown in the high-power micrograph of the 

material surface. The globular deposits are typical of hydroxyapatite. 
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Figure 7.1: Scanning electron micrographs, EDS analysis and XRD scans of Endosequence 

BC RRM putty exposed to various environmental conditions showing the deposition of 

crystalline structures on the materials surface (CC: calcium carbonate, CS: calcium silicate, 

CH: calcium hydroxide, TO: tantalum oxide, ZO: zirconium oxide).

The specimens in contact with whole blood were discolored. The surface 

had a dark brown/black colour after removal from the blood. Globular 

surface deposits with peaks of calcium, phosphorus, and oxygen and minor 

peaks of chlorine, sodium, magnesium, and potassium were present. The 

material surface deposit was amorphous as seen by the lack of specific 

peaks present on the XRD scan.

The specimen retrieved from the patient with the failed root-end surgery 

exhibited surface deposits. EDS analysis of the material’s surface exhibited 

peaks predominantly for calcium oxygen, and carbon with the presence of 

silicon, chlorine, sodium, and zirconium. The XRD plot exhibited peaks that
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did not coincide with the main peaks exhibited by the unset material. The 

peaks were identified as calcium carbonate (ICDD: 01-080-2809). 

Figure 7.2: Clinical and radiographic findings of the failed root-end filling case; A: 

persistent sinus tract; B: preoperative radiograph demonstrating the presence of a periapical 

radiolucency; C: view of the previously treated apical third after flap reflection.

Discussion

The unset ERRM was composed of tricalcium silicate, tantalum oxide, and 

zirconium oxide. This was verified in the EDS analysis showing the 

elemental composition and XRD plots which gave the crystalline phases. 

The manufacturer indicates that the material is composed of both calcium 

silicates and calcium phosphate monobasic, which makes the material a 

biphasic cement (7). The presence of phosphate was not shown on the EDS 

analysis and XRD scans. The phosphorus peak coincides with the zirconium 

peak in EDS analysis; thus, it is difficult to distinguish between the 2

elements using this testing methodology. This limitation of testing 

methodology has already been reported for EndoSequence BC Sealer (8) 

and other materials containing both phosphate and zirconia additives (9). 

The phosphate phase could not be identified by XRD, thus indicating that it 

is either present in low amounts or it is amorphous and thus not detected by 

XRD.
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The setting of the material in water led to the release of calcium hydroxide, 

which is reported for all TCS-based materials (10). The setting in HBSS and 

whole blood also showed the precipitation of amorphous deposits 

corresponding to calcium phosphate. Amorphous calcium phosphate is 

known to be a precursor of apatite. Depending on whether CO3
- groups 

replace the OH- or PO4
3- groups, the resulting apatite will be either α- or β-

type apatite, the β-type carbonated apatite corresponding to that found in 

osseous tissues (11). A material capable of precipitating carbonated apatite 

on its surface would be considered as potentially bioactive, having the 

potential to create a bond with bone. The precipitation of apatite crystals or 

even calcium phosphate on the surface of biomaterials immersed in SBF has 

indeed often been considered as a proof of their bioactivity (4, 5, 12). 

Current methods for investigating the so-called bioactivity of endodontic 

materials consist in immersing them in SBF for a relatively long period of 

time and observing the precipitation of these crystals on the material surface 

and/or at its interface with bone or dentin, as was done in the present study. 

However, this is setting aside the fact that SBF are metastable systems that 

precipitate apatite crystals to reach thermodynamic stability (13). The 

detection of these crystals in these in vitro models as a surrogate for 

bioactivity is questionable, and the role of environmental factors, such as 

temperature, pH, carbon dioxide partial pressure, and agitation, has often 

been overlooked as reported by several authors (11, 14, 15). Also, the ratio 

of the specimen surface area to the volume of the SBF solution could affect 

the tendency to form apatite and/or calcite. This ratio will influence the 

availability of the phosphorus and therefore the formation of apatite (16).

The concentration of carbonate ions in the solution is correlated to the 

environmental carbon dioxide, and will influence the carbonation of the 
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apatite by replacing phosphate or hydroxyl ions (14). Also, the increase in 

pH resulting from the hydroxyl ions release, could provoke a 

supersaturation (which will favor apatite nucleation. This is typically 

observed when pH ≥ 7.65 for SBF with ions concentration close to that of 

human blood plasma (11). Therefore, it is important to realize that the local 

increase reached in vitro with samples immersed in SBF solutions in static 

conditions could result in hydroxyl ions saturation, provoking a local 

increase in pH and the subsequent apatite nucleation. 

The specimen retrieved from the surgical site was covered by crystals rich in 

calcium, which were identified as calcium carbonate by XRD analysis.  

Calcium carbonate is the result of the reaction between released calcium 

hydroxide and environmental carbon dioxide (14). Calcium carbonate is 

frequently observed on the surface of phosphorus-free glasses immersed in 

SBF, has the ability to make direct contact with bone, and will influence the 

ability of the material to form apatite (17). Calcium carbonate can also 

coexist with a Si-, Ca- and P-rich layer (18). Whether calcium carbonate is 

formed or not is dependent on the HCO3
-/CO2 equilibrium in vitro (14). In 

the present study, only the in vitro models revealed the formation of an 

apatite precursor, namely calcium phosphate. This could be explained by the 

availability of the phosphates ions and their stagnation for the samples 

tested in vitro as well as the HCO3
- concentration of the testing media. The 

interactions with the body environment in vivo are overlooked in the current 

in vitro models. Such interactions are the contact with the blood in 

physiological context, the adsorption of biological molecules onto the 

surface of the material, and the migration of mesenchymal cells at the 

wound site and their potential attachment to the material via protein 

mediation (19). Further interactions occurring in vivo when grafting the 
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material on tooth structure are the loading of the material, its fatigue, and

changes in the surrounding tissues (e.g. bacterially-induced periapical 

inflammation) (20). All these interactions are not evaluated in the settings of 

the current in vitro models and could account for the differences observed 

between the in vitro results with the samples immersed in the different 

media and the sample retrieved from the patient. 

The current study also investigated the effect of blood on material hydration.

No calcium hydroxide peak was detected on the material in contact with 

blood as opposed to that observed with the putty in contact with water and 

HBSS. This is in accordance with previous studies investigating the 

hydration of MTA in contact with blood in which blood contamination was 

shown to result in the absence of calcium hydroxide crystals and reduction 

in formation of ettringite, both of which are by-products of hydration of 

Portland cement (21). In the latter study, the absence of calcium hydroxide 

was interpreted to indicate lack of hydration. However the calcium 

hydroxide may have reacted to form other phases, which may not 

necessarily be easily identified on XRD analysis due to their amorphous 

nature as is indicated in the current study. Investigation of hydration of 

tricalcium silicate cement in water and HBSS showed that hydration was 

similar to that of Portland cement (22) and corroborates the present findings 

that the presence of blood both in vitro and in vivo (clinically) modified the 

setting and reaction kinetics of the materials. 

Based on the present findings, the clinically placed ERRM neither exhibited 

any bioactivity nor led to a successful outcome. However, no conclusion can 

be drawn on a single case, and more research is necessary to evaluate and 

understand the observed difference between in vitro and in vivo tests for this 

material.
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Conclusions

TCS-based materials are hydraulic, and the material properties improve in 

the presence of water. The environmental conditions affect the material 

hydration and consequentially the material interaction with the environment. 

Calcium phosphate-type deposits were observed on the EndoSequence 

RMM-putty in blood and HBSS in vitro, but the formation of calcium 

carbonate was detected in the in vivo case. In vitro material assessment may 

not be representative of the clinical situation. 
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