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Abstract:
Background: Calcium silicate cements (CSCs), if used for pulp 
capping or furcation repair, are covered with a restoration. The role 
of different time intervals of the conditioning process used for final 
restorations for new CSCs has not been studied. The aim of this 
study was to evaluate the effects of acid etching on the compressive 
strengths of biodentine (BD), endosequence bioceramic root 
repair material-fast set putty (ERRM-FSP), and ProRoot mineral 
trioxide aggregate (PMTA) at 24 h or 7 days.
Materials and Methods: A total of 144 specimens were prepared 
(48 per material). For each material, 12 specimens were subjected 
to acid etching at 24 h or 7  days. Compressive strengths were 
evaluated in accordance with ISO 9917-1:2007 recommendations. 
Specimens were crushed along their long axis using a universal 
testing machine. The maximum load required to fracture each 
specimen was recorded in megapascals. Compressive strengths 
were compared with the unetched control groups.
Results: For all materials, the compressive strengths were 
significantly higher at day 7 than at 24 h. There were no statistically 
significant differences between the control and etched groups at 24 
h or 7 days for the materials tested. Overall, the compressive strength 
was significantly lower for ERRM-FSP than for PMTA and BD.
Conclusion: The acid-etching procedure did not affect the 
compressive strength of BD, ERRM-FSP, or PMTA. However, the 
postponement of the acid-etching procedure until 7 days after CSC 
placement is suggested to reduce the possibility of displacement.
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Introduction
In vital pulp therapy, a dental material is placed directly over the 
pulp to maintain the pulp’s vitality and function. An ideal pulp 
capping material should be biocompatible and radiopaque; 
exhibit antibacterial activity; and possess the tight sealing 
ability, and the capacity to promote the formation of reparative 
dentin. Historically, calcium hydroxide (Ca(OH)2) has been 
the material of choice for vital pulp therapy.1 Recently, calcium 

silicate-based cements (CSCs) have been recommended as 
potential pulp-capping agents.

Relative to Ca(OH)2, mineral trioxide aggregate (MTA), the 
first CSC, exhibits greater biocompatibility and produces more 
predictable hard tissue barrier formation.2 Furthermore, clinical 
and radiographic successes have been achieved when MTA has 
been used for direct pulp capping3 or pulpotomies.4 However, 
MTA has certain limitations such as handling difficulties,5 a 
long setting time,6 and the potential for tooth discoloration.7 
Moreover, acid-etching procedures affect the compressive 
strength of MTA.8 Several CSCs have been introduced into 
the market to overcome the unfavorable properties of MTA 
including biodentine (BD) (Septodont, Saint Maur des Fossés, 
France) and endosequence bioceramic root repair material 
(ERRM) (Brasseler USA, Savannah, GA).

BD is a dentine substitute that can be used on crowns and 
roots. This material consists of a powder and a liquid. The 
powder is mixed with the liquid in a capsule in an amalgamator 
for 30 s. According to the manufacturer, the setting time for 
BD is 12 min. This material not only is biocompatible9 and 
radiopaque10 but also has excellent color stability11 and a 
push-out bond strength similar to that of MTA.12 Moreover, 
the acid-etching procedure does not affect BD’s compressive 
strength.13 Studies have demonstrated that BD can induce 
reparative dentine formation.14-16 Therefore, BD has been 
recommended for pulp capping.14

ERRM is a newer premixed CSC that sets in the presence of 
water. It is available in a syringeable paste and condensable 
putty. Prior research has revealed that ERRM is a biocompatible 
material17 with good sealing ability.18 Relative to MTA, ERRM 
has similar antibacterial and antifungal activities against 
Enterococcus faecalis and Candida albicans, respectively.19,20 
Recently, ERRM-fast set putty (FSP) has become available 
on the market. The setting time for ERRM-FSP is 20  min. 
According to the manufacturer, this FSP exhibits the same 
characteristics as the paste and the putty but exhibits a new 
fast-setting chemistry and improved syringe delivery.

In vital pulp therapy, the pulp-capping agent is typically 
covered with a restorative material such as composite resin. 
Clinically, phosphoric acid is applied before the insertion 
of the composite to improve the marginal seal and the resin 
bond to the tooth. To the best of our knowledge, the effects 
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of different time intervals during the conditioning process 
used for final tooth restoration on the physical properties of 
the aforementioned CSCs has not been examined. Therefore, 
the present study was conducted to evaluate the effects of 
acid-etching procedures on the compressive strengths of BD, 
ERRM-FSP, and ProRoot MTA (PMTA) at 24 h or 7 days 
after mixing. The null hypothesis was that the use of different 
time intervals after the acid-etching procedure would not affect 
the compressive strengths of these cements.

Materials and Methods
The materials investigated in the present study were BD, 
ERRM-FSP, and PMTA (Dentsply, Tulsa, OK, USA). BD 
and PMTA were mixed according to the manufacturers’ 
instructions. ERRM-FSP was provided premixed. A  single 
operator prepared all the experimental specimens.

Compressive strength
Using an amalgam plugger, each material was incrementally 
inserted into 2-part split stainless steel molds with an internal 
diameter of 4.0  mm and a length of 6.0  mm that had been 
placed on a glass slab. A total of 144 specimens were prepared 
(48 specimens per group). Wet gauze was placed on top of and 
under the molds. The specimens were then stored at 37°C.

After 24 h, 24 samples of each material were randomly selected 
and removed from the molds. The surfaces of each specimen 
were polished with 600-grit fine-grain sandpaper (Buehler, 
Lake Bluff, IL, USA) for 20 s to produce smooth surfaces. This 
polishing process was performed with minimal hand pressure 
and irrigation with water for debris removal. The samples were 
then thoroughly dried.

The 24 h specimens for each material were randomly divided 
into 2 groups with 12 specimens in each group. Samples in 
the first group were subjected to the acid-etching procedure, 
whereas samples in the second group were used as controls. For 
acid etching, 37% phosphoric acid (N-Etch, Ivoclar, Vivadent, 
NY, USA) was applied to a specimen’s top surface for 15 s; 
the specimen was then rinsed with distilled water for 15 s and 
thoroughly dried with a stream of air.

Compressive strengths of the 24 h specimens were determined 
using the method recommended by ISO 9917-1:2007. 
Specimens were mounted vertically and crushed along their 
long axis at 1  mm/min using a universal testing machine 
(Instron 5965, ITW, MA, USA). The maximum load required 
to fracture each specimen was recorded in megapascals. 
A blinded operator recorded compressive strength readings. 
The same steps were repeated for the remaining 72 specimens 
at 7 days after mixing.

Statistical analysis
The Shapiro–Wilk test revealed a normal distribution. 
Independent t-tests were used to statistically compare the 

mean compressive strengths of the etched groups at 24 h and 
7  days for each material. This analytical approach was also 
used to compare the means of the etched and control groups. 
The mean compressive strengths of different cements were 
compared using ANOVA followed by Scheffe’s post-hoc test. 
A significance threshold of 0.05 was used. Statistical analysis 
was performed using SPSS statistical software (version  16; 
SPSS Inc., IL, USA).

Results
The study results are summarized in Graph 1. Compressive 
strengths for the etched groups were significantly higher at 
day 7 than at 24 h for PMTA (P = 0.01), BD (p = 0.00), and 
ERRM-FSP (p = 0.01). There were no statistically significant 
differences between the control and etched groups at 24 h 
or 7  days (Table  1). Overall, the compressive strength was 
significantly lower for ERRM-FSP than for PMTA and BD 
at the two examined time points (p = 0.00). There was no 
significant difference between PMTA and BD with respect 
to compressive strength at 24 h (p = 0.6). However, at day 7, 
BD exhibited significantly greater compressive strength than 
PMTA (p = 0.04).

Discussion
The evaluation of a simple mechanical parameter such as 
compressive strength allows for physical property to be 

Graph 1: The mean compressive strengths of control and 
acid-etched samples for each material (in megapascals) at 
24 h and 7 days.

Table 1: Means and SD for compressive strengths (in megapascals) for 
controls and for samples etched at 24 h and 7 days.

Time interval Material Group Mean SD P value
24 h PMTA Control 64.0 13.0 0.23

Acid etch 58.7 6.9
BD Control 60.1 7.9 0.41

Acid etch 56.1 14.7
ERRM‑FSP Control 42.4 8.3 0.08

Acid etch 34.7 11.6
7 days PMTA Control 99.7 13.8 0.41

Acid etch 90.1 36.9
BD Control 117.2 22.9 0.4

Acid etch 107.6 30.7
ERRM‑FSP Control 66.2 9.6 0.06

Acid etch 53.9 17.8
SD: Standard deviation, PMTA: ProRoot mineral trioxide aggregate, BD: Biodentine, 
ERRM‑FSP: Endosequence bioceramic root repair material‑fast set putty
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correlated with clinical performance.21 In vital pulp therapy, 
the applied cement must remain in place despite experiencing 
dislodging forces resulting from operative procedures. The 
appropriate time for restoration after the placement of new 
CSCs has not previously been evaluated. Therefore, in the 
present study, the effects of 37% phosphoric acid, which is 
typically applied prior to placing composite restorations, on the 
compressive strengths of BD and ERRM-FSP were evaluated 
at 24 h and 7 days after mixing.

Two different time intervals were selected for examination in 
this study; in particular, 24 h was selected to allow the cements 
to set. However, the postponement of restorative procedures 
for at least 96 h after mixing MTA8 is recommended; therefore, 
a second-time interval was also assessed.

No prior study has evaluated the effects of different 
time intervals before acid etching on the compressive 
strength of BD. Our results demonstrated that significantly 
greater compressive strength was achieved if acid etching 
was performed at 7  days after mixing than at 24 h after 
mixing. This phenomenon might be attributable to the 
hydration reaction, which is critical to the setting of CSCs.8 
Furthermore, a comparison of the compressive strengths of 
etched BD and PMTA (the gold standard) revealed that BD 
was superior for etching performed at day 7; these results 
are in accordance with the findings obtained by Kayahan 
et al. in 2013.13 The advantages of BD relative to PMTA 
include mechanical mixing, which avoids inconsistencies 
within the material, and improved handling characteristics. 
Furthermore, the acid-etching procedure did not affect 
the compressive strength of BD. Therefore, BD could be a 
suitable replacement for PMTA, particularly in the context 
of vital pulp therapy. However, our findings indicate that 
postponing the acid-etching and restoration procedures until 
7  days after BD placement is recommended to reduce the 
possibility of displacement.

ERRM-FSP has the advantage of being available in a 
premixed syringe that is convenient to use. Our results 
revealed that specimens etched at 7  days had significantly 
higher compressive strengths than specimens etched at 
24 h. Furthermore, compressive strengths were significantly 
lower for ERRM-FSP than for PMTA in the control and test 
groups; this phenomenon might be caused by differences 
in the compositions of ERRM-FSP and PMTA. Tricalcium 
aluminate improves the strength of CSCs.22 However, ERRM-
FSP is an aluminum-free material; as a result, relative to PMTA, 
ERRM-FSP may form fewer ettringite crystals (hydrated 
calcium-aluminum-sulfate), which play an important role 
in interlocking the cubic crystals of endodontic materials.23 
Furthermore, the compressive strength is an indirect measure 
of a CSC’s hydration reaction.8,24 The accelerator in ERRM-
FSP might interfere with the cement’s hydration reaction and 
thereby reduce its compressive strength.

A recent study has indicated that ERRM and PMTA have 
similar compressive strengths.25 Discrepancies between the 
findings of this prior study and the current investigation 
could relate to differences in incubation settings and 
specimen dimensions. In accordance with ISO 9917-1:2007 
recommendations, molds 6 mm in length and 4 mm in diameter 
were used in the present study.

The in vivo environment cannot be replicated using the 
in vitro method employed to assess compressive strengths in 
the current study. However, the study results might provide 
information that can aid clinicians in selecting the best CSC, 
particularly in cases involving vital pulp therapy or the repair of 
furcation perforations. Future studies are required to determine 
how different time intervals before the acid-etching procedure 
affect other physical properties of BD and ERRM-FSP before 
an appropriate interval can be confidently used in clinical 
settings.

Conclusion
In conclusion, the acid-etching procedure did not affect the 
compressive strength of BD, ERRM-FSP, or PMTA. However, 
higher compressive strengths were achieved for BD, ERRM-
FSP, and PMTA by acid etching at 7 days than by etching at 24 h.
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