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Abstract
Introduction: Procedures used in single-visit or
multiple-visit approaches to apical barrier creation
were used with an experimental apexification model
to test the surface hardness of 3 materials. The purpose
of this study was to examine the microhardness of the
materials after setting in moist or dry conditions.
Methods: A simulated open apex and periapical
environment model was created using polyethylene
tubes placed into a porous block filled with
phosphate-buffered saline. White ProRoot Mineral
Trioxide Aggregate (MTA; Dentsply Tulsa Dental, Tulsa,
OK), EndoSequence Root Repair Material (ESRRM;
Brasseler USA, Savannah, GA), and Biodentine (BD; Sep-
todont, Louisville, CO) were mixed and placed into the
apical 4 mm of the tubes (N = 15). The moist group
had a damp cotton pellet above the test materials (min-
eral trioxide aggregate or ESSRM) with Fuji II LC (GC
America, Alsip, IL) sealing the coronal segment. The
dry group had gutta-percha placed directly against the
test materials with amalgam sealing the coronal
segment. After 10 days of storage in 100% humidity
at 37�C, samples were sectioned, and microhardness
was independently measured at 2 mm and 4 mm from
the apical end. Differences were assessed using analysis
of variance and a Tukey post hoc test (a = .05). Results:
Analysis of variance analyses showed no significant ef-
fect of wet or dry conditions on resultant material hard-
ness. A Tukey post hoc test showed that using ESRRM
and BD would not result in a significant difference in
hardness, but using MTA would result in statistically sig-
nificant different hardness values when compared with
ESRRM or BD. Conclusions: Either a moist or dry envi-
ronment could allow hardening of materials; thus, both
methods could be acceptable for clinical treatment pro-
cedures. (J Endod 2014;40:986–989)
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Apexification treatment duration has evolved from multiple visits spread over many
months to procedures requiring only a few visits or a single appointment. Histor-

ically, apexification was introduced by Kaiser in 1964 and popularized by Frank (1) and
was performed with long-term use of calcium hydroxide to induce formation of an api-
cal barrier in a necrotic immature tooth to allow for subsequent obturation (2). Newer
materials, some of which incorporate moisture into the setting reaction, directly create
the apical barrier. This results in a reduction time for completion and fewer appoint-
ments and avoids the long-term use of calcium hydroxide, which has been shown to
weaken dentin and the subsequent increased risk of root fracture (3). ProRoot Mineral
Trioxide Aggregate (MTA) (Dentsply Tulsa Dental, Tulsa, OK), EndoSequence Root
Repair Material (ESRRM) (Brasseler USA, Savannah, GA), and Biodentine (BD) (Sep-
todont, Louisville, CO) have been recommended for root-end fillings, pulp capping,
pulpotomy, repair of perforations, canal obturation, and apical plug creation (4–6).
Such materials should be nontoxic, noncarcinogenic, biocompatible, insoluble in
tissue fluids, dimensionally stable, impervious to moisture, bacteriostatic,
radiopaque, nonstaining, easily removed from the root, able to seal canals laterally
as well as apically, and facilitate easy placement into the canal system (7–9). MTA,
ESSRM, and BD have all been shown to show many of these ‘‘ideal’’ qualities as well
as utility in various clinical procedures (4, 6, 10–14).

ProRoot MTA contains tricalcium silicate, bismuth oxide, dicalcium silicate,
tricalcium aluminate, and calcium sulfate dihydrate (15). Hydration of this powder
results in a colloidal gel that has an initial pH of 10.2, which rises to as high as 12.5 after
setting (16). MTA absorbs moisture from surrounding tissues, such as that found in the
periapical environment, allowing the setting reaction to occur (17). MTA has a published
set time of 165� 5minutes (16). The setting process, described as a hydration reaction of
tricalcium silicate and dicalcium silicate, gives the material strength (18). It has been
shown that the compressive strength of MTA increases in the presence of moisture for
up to 21 days (19). It has been recommended that moisture, in the form of a saturated
cotton pellet, should be present inside the pulp chamber or in the root canal during
the first 3 days of curing before further filling of the tooth is performed. Moistening of
MTA during curing becomes important when the MTA obturation is to be exposed to dis-
lodging forces (20). Flexural strength is decreased when MTA absorbs excess moisture
(21). Indirect ultrasonic activation, at the time of placement, resulted in an MTA filling
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that is heavier by weight and denser when compared with hand conden-
sation alone (22). The manufacturer’s instruction is to place a moist cot-
ton pellet in direct contact with the material until a follow-up appointment
occurs; this should be no sooner than 4 hours after placement of the MTA.
MTA ismixed to a 3:1 powder to sterile water ratio (23). Previous authors,
in various experimental designs, have shown the setting of MTA without a
moistened cotton pellet being required (24, 25).

ESRRM uses bioceramic technology to address some of the inconsis-
tencies associated with MTA. ESRRM contains tricalcium silicate,
dicalcium silicate, zirconium oxide, tantalum pentoxide, and calcium sul-
fate (26). This material is produced as a premixed product to provide the
clinician with a homogeneous, predictable material. The bioceramic ma-
terial is produced with nanosphere (1 � 10�3 mm at its greatest diam-
eter) particles that allow the material to enter into the dentinal tubules
and interact with the moisture present in the dentin, creating a microme-
chanical bond upon setting (27). According to the manufacturer, the bio-
ceramic material is highly radiopaque and bright white in color, making
the material readily identifiable on radiographs as well as easily visualized
during clinical placement. A high alkaline pH is partially responsible for its
antibacterial nature. The initial pH is 12.8, which steadily decreases over a
7-day period, giving the material excellent biocompatibility (27). ESRRM
showed no negative influence on the cell survival of human dermal fibro-
blasts (5). Themanufacturer recommends placing amoist cotton pellet in
direct contact with the material, which should be left in place until a
follow-up appointment (4 hours as a minimum). It has a working time
of 30 or more minutes and a setting reaction initiated by moisture, with
a final set achieved after 4 hours in normal conditions, but requiring
up to 12 hours in dry conditions (26). ESSRM is dispensed in a premixed
syringe and capillary tube for delivery.

BD, a new calcium silicate–based restorative cement with dentin-
like mechanical properties, has been promoted for use as a coronal and
root dentin substitute in a similar fashion as MTA (28). BD contains
tricalcium silicate, dicalcium silicate, calcium carbonate, zirconium
oxide, iron oxide, and calcium chloride as the accelerator (29). BD
combines high mechanical properties with excellent biocompatibility
and a short setting time of 12 minutes. Unlike MTA and ESRRM, the
manufacturer of BD indicates no requirement for moisture to allow
finalization of the setting reaction. BD is available as a mixable capsule,
with predosed calcium chloride solution and powder, becoming acti-
vated after a 15-second trituation at 4000 cpm.

To date, the authors are unaware of any published studies that
compared these materials when used in environments that are inconsis-
tent with the manufacturers’ instructions. Also, other than MTA, the
authors are unaware of any literature reporting tests of these materials
using an apical barrier procedure or model.

The purpose of this study was to use an experimental apexification
model, an Oasis flower arrangement material (Smithers-Oasis, Kent,
OH), and phosphate-buffered saline (7, 11) to determine the set or
hardness of three materials in varied conditions. This would be
measured using Vickers microhardness testing, with white MTA
(wMTA) and ESRRM exposed to both a moist and dry environment,
and BD to a dry environment.

Materials and Methods
Materials in the 3 groups were mixed according to manufacturer’s

instructions. A 3:1 powder to sterile water ratio of MTA was spatulated
to proper consistency. ESSRM was extruded from a premixed syringe.
BD was mixed and dispensed from a predosed capsule using an Optimix
trituator (Kerr Corporation, Orange, CA) at 4000 cpm for 15 seconds.
Once mixed, a 4-mm increment of material was inserted into simulated
canal spaces, which consisted of polyethylene tubes (Hudson Extrusions

Inc, Hudson, OH) with dimensions of 10 mm in length and a 2-mm inter-
nal diameter. MTA was inserted incrementally using an amalgam carrier
and then vertically compacted with a #80 endodontic plugger (B&L
Biotech, Bala Cynwyd, PA). Thematerial was then ultrasonically condensed
using a ProUltra SINE #4 (Dentsply Tulsa Dental) tip applied to a #80 end-
odontic plugger, which was in contact with MTA. The activation unit was a
P5 Booster Suprasson (Satelec, Merignac, France). ESRRM was directly
injected to the proper length into the polyethylene tubes and then vertically
compacted with a #80 endodontic plugger. After activation, an amalgam
carrier was used to place the BD incrementally into the polyethylene tubes
followed by vertical compaction with a #80 endodontic plugger.

A cotton pellet saturated with sterile water was placed directly on
the materials to create a ‘‘wet’’ condition. A ‘‘dry’’ condition was created
by placing nothing on the material followed by covering the previously
placed materials with gutta-percha. This was accomplished by direct in-
jection of thermoplastic gutta-percha using a Calamus unit (Dentsply
Tulsa Dental). All tubes in the wet groups were coronally sealed above
the cotton pellet with Fuji 2LC (GC America, Alsip, IL). This material was
chosen to simulate the multiple-visit clinical technique of using a
temporary restorative material as the coronal seal, whereas tubes in
the dry groups were sealed above the gutta-percha with Tytin amalgam
(Kerr Corporation) as would occur with a single-visit procedure.

To mimic periapical tissue conditions, all samples were then
inserted into a porous Oasis material, which was previously saturated
with phosphate-buffered saline. A graphical depiction of the experi-
mental setup is shown in Figure 1.

The Oasis, with samples in place, was kept at 37�C and 100%
humidity for 10 days. The polyethylene molds were then removed from
the Oasis and sectioned at the junction of the test material and either
gutta-percha or cotton pellet using the Accutom-5 (Struers, Cleveland,
OH) cutting machine with a 4-inch diameter, 0.014-inch thick
diamond blade. Samples were then polished sequentially with 600- and
2000-grit silicon carbide papers followed by 5 mm alumina paste.

Each sample was subjected to Vickers microhardness testing using
the Micromet 5104 (Buehler, Lake Bluff, IL) at 2 locations (ie, 2 and
4 mm from the proposed apex). The test was performed with a
square-based diamond pyramid indenter with a face angle of 136� at
a load of 100–1000 g. The hardness value (HV) was calculated using

Figure 1. A depiction of the experimental apparatus. The design consisted of
polyethylene tubes inserted into a PBS-soaked Oasis. Tubes representing a moist
condition contained wMTA or ESRRM covered with a wet cotton pellet and a tem-
porary filling material. Tubes representing a dry condition contained wMTA,
ESRRM, or BD covered with gutta-percha and an amalgam filling material.
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