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Abstract
Introduction: This study aims to investigate the effects
of the bioceramic iRoot BP Plus (Innovative Bioceramix
Inc, Vancouver, Canada) as a pulp capping agent
in vitro and in vivo. Methods: In vitro, human
dental pulp cells (hDPCs) were seeded into plates with
the prepared iRoot BP Plus or mineral trioxide aggregate
(MTA) packed in the bottom of different wells. The pro-
liferation of hDPCs was determined using the 3,(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
assay. Meanwhile, 2 animal models of direct pulp
capping and pulpotomy were applied in Wistar rats
in vivo. The exposed pulps were capped with iRoot
BP Plus or MTA. After 1 and 4 weeks, maxillary seg-
ments were obtained and prepared for histologic anal-
ysis. Results: hDPCs grew very well even in the place
contacted with MTA or iRoot BP plus in vitro. MTA
and iRoot BP Plus both enhanced the proliferation of
hDPCs (P < .05). In vivo, results revealed that few in-
flammatory cells were present in the pulpal area corre-
sponding to the pulp exposure. A slight layer of newly
generated matrix was also observed next to MTA and
iRoot BP Plus after 1 week. A complete reparative dentin
bridge with polarizing odontoblastlike cells was de-
tected in all specimens in the iRoot BP Plus group after
4 weeks. Conclusions: iRoot BP Plus exhibited good
biocompatibility to pulp tissue and induced the prolifer-
ation of dental pulp cells and the formation of reparative
dentin bridge. iRoot BP plus may be used as a pulp
capping material for vital pulp therapy (J Endod
2015;41:652–657)
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The selection of a pulp capping material is an important factor that influences the suc-
cess of vital pulp therapy. An ideal pulp cappingmaterial must possess good biocom-

patibility and strong antibacterial activity. It should also be capable of inducing the
differentiation of dental pulp cells and the formation of reparative dentin.

The widely used conventional pulp capping agent is calcium hydroxide. It was
considered the gold standard pulp capping agent (1). However, calcium hydroxide ex-
hibits poor physical properties and incomplete dentin bridge formation, with tunnel de-
fects that may lead to the failure of pulp capping (2–4). Mineral trioxide aggregate
(MTA) has been recently recommended as a potential pulp capping material. MTA
presents higher biocompatibility and sealing ability than calcium hydroxide (5).
MTA can also induce the differentiation of dental pulp cells to odontoblastlike cells
and form thicker dentin bridges (6–8). Aguilar and Linsuwanont (9) clinically
compared the weighted pooled success rate of direct pulp capping using Ca(OH)2
or MTA as the pulp capping material; they showed that MTA demonstrated a more suc-
cessful outcome than calcium hydroxide. However, MTA still has some limitations,
including difficult handling characteristics and long setting time.

iRoot BP Plus (Innovative Bioceramix Inc, Vancouver, Canada) is a newly
developed calcium silicate–based bioactive ceramic. This material is a convenient
and ready-to-use white premix in putty form. iRoot BP Plus not only exhibits satisfactory
biocompatibility (10–12), sealing ability (13, 14), and antibacterial activity (15, 16)
but also up-regulates the expression of mineralization-related genes (17, 18).
Hence, iRoot BP Plus is a potential pulp capping material. However, information
about this material remains lacking. This study aims to assess the effects of this
bioceramic iRoot BP Plus as a pulp capping agent in vitro and in vivo.

Materials and Methods
In Vitro Assessment
Cells and Cell Culture Conditions. Human dental pulp cells (hDPCs) were
originally obtained from impacted third molars or premolars that were extracted for
orthodontic purposes from patients aged 18–26 years old at the Peking University
School and Hospital of Stomatology. Primary pulp cells were harvested through enzyme
digestion with 3 mg/mL collagenase type I (Sigma-Aldrich, St Louis, MO). The cells were
expanded and cultured in Dulbecco modified Eagle medium (DMEM; Gibco, Gaithers-
burg, MD) supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and
100 mg/mL streptomycin. All cells were cultured at 37�C in 5% CO2 and 95% humidity.
The cells used in this study were obtained from the fourth to sixth passages.

Material Preparation and Cell Seeding. Samples (2 mm in diameter and
1 mm in height) of iRoot BP Plus and MTA (Dentsply Tulsa Dental, Tulsa, OK) were
prepared in sterile plastic molds according to the manufacturer’s instructions. The ma-
terials were immediately packed in the bottom of different wells of 12-well plates under
sterile conditions and allowed to solidify at 37�C in 5% CO2 and 95% humidity for
24 hours before exposure to hDPCs. Then, hDPCs were seeded on 12-well plates
that contain the as-prepared materials at a density of 5 � 104 cells per well in 2 mL
DMEM. The control group was cultured with DMEM without any material. At 1, 3, 5,
and 7 days postseeding, the cells were collected for proliferation assay.

MTT Assay. The proliferation of hDPCs was determined using the 3,(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)-based colorimetric
assay. As described previously, cells were seeded into 12-well plates without any

From the Department of Cariology and Endodontology, Pe-
king University School and Hospital of Stomatology, Haidian
District, Beijing, China.

Address requests for reprints to Prof Yanmei Dong, Depart-
ment of Cariology and Endodontology, Peking University School
and Hospital of Stomatology, 22 Zhongguancun Nandajie,
Haidian District, Beijing, PR China. E-mail address:
kqdongyanmei@bjmu.edu.cn
0099-2399/$ - see front matter

Copyright ª 2015 American Association of Endodontists.
http://dx.doi.org/10.1016/j.joen.2014.12.009

Basic Research—Biology

652 Liu et al. JOE — Volume 41, Number 5, May 2015

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:kqdongyanmei@bjmu.edu.cn
http://dx.doi.org/10.1016/j.joen.2014.12.009


material, with iRoot BP Plus, or with MTA. After 1, 3, 5, and 7 days,
100 mL MTT solution (Amresco, Solon, OH) was added to each well,
and the cells were incubated for an additional 3 hours. The resulting
MTT formazan crystals were dissolved by removing the culture medium
and adding 500 mL dimethyl sulfoxide (Amresco) to each well. The
plate was shaken at room temperature for 10 minutes to dissolve the
crystals. Then, 100 mL of the solution in each well was transferred to
a 96-well plate for absorbance determination at 570 nm with a micro-
plate reader (ELX808; BioTek, Winooski, VT).

Statistical Analysis. Experiments were performed in triplicates.
Data were expressed as the mean � standard error of the number of
observations. SPSS13.0 (SPSS Inc, Chicago, IL) was used for statistical
testing. Results were analyzed using 1-way analysis of variance, and
P < .05 was considered significant.

In Vivo Assessment
Twenty male Wistar rats weighing about 180–200 g were used for

in vivo study. Twelve rats were used for direct pulp capping and the
remaining 8 rats for pulpotomy. All experimental procedures were per-
formed in accordance with the animal experimental guidelines of Pe-
king University Health Science Center.

Direct Pulp Capping Assay. Twenty-four maxillary first molars
were obtained from the 12 rats and randomly divided into 3 groups:
negative control, iRoot BP Plus, and MTA. The rats were anesthetized
with an intraperitoneal injection of 2% pentobarbital. After cleaning
and disinfecting the teeth with cotton soaked in 75% ethanol, class V
cavities were prepared on the mesial surfaces of the maxillary first
molar with 0.6-mm-diameter round burs. To avoid pulp impairment
from heat during cavity preparation, the teeth and cutting instruments
were irrigated with sterile distilled water. Pulps were exposed with
the tip of a #15 sterile stainless steel file through the remaining thin
dentin of each cavity. Bleeding was weak, and hemostasis was per-
formed by pressing a sterile saline cotton pellet for a few seconds.
The pulp perforation sites were directly capped with iRoot BP Plus or
MTA in the 2 experimental groups, whereas the pulp was not capped
with any pulp capping agent in the control group. All cavities were sub-
sequently restored with glass ionomer cement (Fuji IX; GC International
Corp, Tokyo, Japan) according to the manufacturer’s instructions. The
cusp tips of the opposing teeth were broken tominimize occlusal forces.

Pulpotomy Assay. Sixteen maxillary first molars were obtained
from the 8 rats and randomly divided into 2 groups (ie, negative control
and iRoot BP Plus groups). After anesthetization, the maxillary first mo-
lars of the rats were excavated from the occlusal surface to the pulp
chamber by using high-speed sterile 0.6-mm-diameter round burs
with water cooling. Coronal pulp was removed, and hemorrhage was
controlled by pressing a sterile saline cotton pellet. In the experimental
group, iRoot BP Plus was placed on the exposed pulp, and the cavity was
sealed with the glass ionomer cement Fuji IX. In the negative control

group, the cavity was directly filled with glass ionomer without using
any pulp capping agent. The cusp tips of the opposing teeth were
worn down.

Sample Preparation and Histologic Analysis. The animals
were anesthetized and sacrificed at 1 and 4 weeks after direct pulp
capping and pulpotomy. The maxillary sections, including molars,
were dissected and fixed in 4% paraformaldehyde for 24 hours at
4�C. The tissues were demineralized in 10% EDTA/phosphate buffered
saline solution and then embedded in paraffin. The sections with a
thickness of 5 mm were cut in a mesiodistal direction for
hematoxylin-eosin staining and Masson trichrome (Baso Diagnostic
Inc, Zhuhai, Guangdong, China) staining according to the manufac-
turer’s protocol.

Histologic features were evaluated according to the criteria pre-
sented in Table 1 (19–21) by 2 observers who were not informed of
the true nature and purpose of the study. Inflammatory cell response
and hard tissue formation were evaluated using scores of 1 to 4.

Results
Effect of iRoot BP Plus on the Proliferation of hDPCs

In general, hDPCs grew very well even in the place contacted with
MTA or iRoot BP Plus. The MTT assay was used to investigate the pro-
liferation of hDPCs (Fig. 1). The proliferation of hDPCs in the MTA
group was enhanced on days 5 and 7, whereas iRoot BP Plus increased
cell numbers on days 1 to 7. iRoot BP Plus significantly enhanced the
proliferation of hDPCs on days 1 and 3 compared with MTA (P < .05).

Effect of iRoot BP Plus on the Formation
of Dentin Bridge In Vivo

A satisfactory interobserver agreement was obtained in the histo-
logic evaluation. The evaluation scores of each group after direct pulp
capping and pulpotomy are presented in Table 2 and summarized as
follows.

Direct Pulp Capping Results.
1-Week Observation Period. In the control group, one quarter of
the specimens exhibited mild inflammatory response, and the remain-
ing three quarters showed moderate inflammatory response. No hard
tissues were observed at the site of pulp exposure in any of the speci-
mens (Fig. 2A-1, A-2, and A-3).

In the MTA and iRoot groups, the inflammatory cell response
scores were similar after 1 week. About three quarters of the specimens
exhibited no or very few inflammatory cells, and one quarter showed a
mild inflammatory response in the pulpal area that corresponded to
pulp exposure. Three quarters of the specimens in the MTA group pre-
sented a slight layer of newly generated matrix next to the material
(Fig. 2B-1, B-2, and B-3), whereas all specimens in the iRoot group
exhibited mild hard tissue deposition (Fig. 2C-1, C-2, and C-3).

TABLE 1. Criteria Used for the Histologic Analysis of the Pulps Treated with Direct Pulp Capping and Pulpotomy: Inflammatory Cell Response and Hard Tissue
Formation

Grade Inflammatory cell response (direct pulp capping/pulpotomy) Hard tissue formation

1 Absent or very few inflammatory cells Heavy hard tissue deposition as a complete dentin bridge
2 Mild: inflammatory cells only next to dentin bridge or area of

pulp exposition/reaching up to one third of the root canal
pulp tissue

Moderate hard tissue deposition

3 Moderate: inflammatory cells are observed in the part of
coronal pulp/up to two thirds of the root canal pulp tissue

Only a slight layer of hard tissue deposition

4 Severe: all coronal pulp/more than two thirds of the root
canal pulp tissue is infiltrated or necrotic

No hard tissue deposition
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