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Abstract

Introduction: This study aimed to compare ACTIVA™ BioACTIVE-Cement and two conventional orthodontic bracket cements

regarding the demineralization resistance and shear bond strength (SBS).

Methods: Sixty extracted posterior teeth were randomly assigned to four groups: Transbond™ XT Adhesive Light Cure (Trans);
GC Fuji ORTHO™ (Fuji); ACTIVA™ BioACTIVE-Cement without acid-etching (ActivaWOE); ACTIVA™ BioACTIVE-Cement with
acid-etching (ActivaWE). Prior to bonding, all teeth were screened with DIAGNOdent™ to determine no demineralization was
present and were assessed with MicroMet 2104 for Vickers microhardness at 12 standardized points on enamel. Brackets
were bonded to the buccal surface of each tooth according to manufacturers’ instructions. All samples were placed in a 0.05
M acetate buffer, pH 5.0 for 96 hours. After demineralization, brackets were de-bonded with a universal testing machine
to determine SBS. All samples were tested again with DIAGNOdent to detect demineralization, and with MicroMet for
Vickers microhardness at points 50 um distal (occlusal and cervical) and 50um cervical (mesial and distal) to each original

standardized point. DIAGNOdent values, Vickers microhardness, and SBS between the four groups were compared.

Results: Microhardness reductions after demineralization were 56.4, 58.7, 100.1, and 126.9 for ActivaWOE, ActivaWE, Fuji,
and Trans, respectively. The microhardness reductions of ActivaWOE and ActivaWE were not statistically different. SBS was
8.9 MPa for Trans, 7.6 MPa for ActivaWE, 3.8 MPa for Fuji, and 2 MPa for ActivaWOE. There was no significant difference in
SBS between ActivaWE and Trans.

Conclusion: ActivaWE for 10 seconds provided a similar SBS while significantly reduced the demineralization of enamel
around brackets in comparison with the well-established resin cement, Transbond™ XT Adhesive Light Cure.

KeyWOI‘dS: ACTIVA™ BioACTIVE-Cement; Orthodontic bracket cements; White Spot Lesions; Bracket Cementation

(&

Abbreviations: SBS: Shear Bond Strength; WSLs: White Introduction
Spot Lesions; CPP-ACP: Casein Phosphopeptides-Amorphous . _ _ .
Calcium Phosphate; GIC: Glass-lonomer Cements. Fixed orthodontic appliances make oral hygiene

maintenance difficult, resulting incipient enamel caries with
subsurface demineralization beneath an intact surface layer
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of enamel around the appliances [1]. The demineralization
is caused by acid produced by cariogenic bacteria in dental
plaque accumulated around the appliances, often presenting
as white spot lesions (WSLs) or early caries lesions [2]. 28
- 73% of orthodontic treated patients developed WSLs [3-
5] with an average of 2.4 white spots per patients [4]. WSL
may appear within one month of bracket placement, [2,6]
primarily in the gingival area of the buccal surfaces. WSLs
influence patients’ aesthetics and satisfaction with the
treatment and often can be very difficult to be improved and
completely resolved.

Various methods have been recommended for preventing
WSLs such as oral hygiene control, fluoride products
(fluoride toothpastes, fluoride varnishes, fluoride rinses,
fluoride-containing bonding materials, fluoride-releasing
cements), [7-11] casein phosphopeptides-amorphous
calcium phosphate (CPP-ACP), [12] resin sealants, glass
ionomer cements, antibacterial cements, bioactive cement,
antibacterial rinses, and lasers [4]. The effectiveness of
these methods varies by studies and no consensus has
been made regarding the best method [13]. Weak evidence
indicated that glass-ionomer cements (GIC) performed
better than composite resins in preventing demineralization
[14]. However, GIC has higher bond failures than adhesive
strength, resulting in more bracket failures [15-17]. With
shortcomings in each material, attempts have been made
to look for a new material that is not only has high bond
strength, but also has properties to reduce prevalence of
WSLs.

Recently, bioactive materials gain an increasing interest
from dental professionals [18]. Among them, ACTIVA
BioACTIVE-Cement™ (Pulpdent) is able to continuously
release and recharge calcium, phosphate and fluoride,
stimulating mineral apatite crystal formation at the material-
tooth interface [19]. It is an ionic resin cement containing a
bioactive resin matrix, shock-absorbing resin component,
and reactive ionomer glass fillers. These components actively
exchange the ions with saliva and tooth structure. Therefore,
the cement was showed to resist to demineralization,
promote remineralization, reduce microleakage, and prevent
caries [19].

These features make the ACTIVA BioACTIVE-Cement
a good candidate for cementing brackets and bands. The
manufacturer stated that ACTIVA BioACTIVE products
combine the benefits of composites, glass ionomers and
RMGIs without their disadvantages. Ifthe ACTIVA BioACTIVE-
Cement can both reduce enamel demineralization and
demonstrate adequate shear bond strength, it may
significantly improve orthodontic care in many clinical
applications. This study aimed to compare ACTIVA™
BioACTIVE-Cement (Pulpdent) with two conventional
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orthodontic bracket cements, Transbond™ 3M XT Lightcure
Adhesive (composite-based) and GC Fuji ORTHO™ (glass
ionomer) regarding the demineralization resistance and
shear bond strength (SBS).

Material and Methods
Specimen Preparation

Sixty extracted posterior teeth were collected, cleaned
and stored ina 10% bleach solution. Prior to bonding, all teeth
were screened with DIAGNOdent™ (KaVO) to determine no
demineralization was present. The DIAGNOdent measures
laser fluorescence within the mineral structure of the tooth
[20]. As the incident laser light is disseminated into the site,
two-way hand piece optics allows the unit to simultaneously
quantify the reflected laser light energy. A DIAGNOdent
score of 7 or more indicated that demineralization has
occurred, higher numbers yielding more demineralization
[21]. Samples with a score in the non-demineralized range,
between three and seven, were used [22]. Teeth surfaces
were polished with pumice using prophy cup and rinsed
thoroughly with water. The teeth were randomly assigned
into four experimental groups: Transbond XT Adhesive Light
Cure (3M Unitek) (Trans); GC Fuji ORTHO (GC America)
(Fuji); ACTIVA BioACTIVE-Cement without acid-etching
(Pulpdent) (ActivaWOE); ACTIVA BioACTIVE-Cement with
acid-etching (Pulpdent)(ActivaWE).

Bracket Cementation

Orthodonticbrackets (OrmcoTM) (3.83x2.95x2.48 mm)
were bonded to the buccal surface of each tooth according to
manufacturers’ instructions. For the Tran, Fuji, and ActivaWE
groups, teeth’s surfaces were acid-etched with UltraEtch
35% Phosphoric acid (Ultradent) for 10 seconds respectively.
For the ActivaWOE group, teeth’s surfaces were not etched
with a conditioner or etching gel before cementation. The
brackets were placed onto the tooth’s surface, adjusted to its
final position, and pressed firmly onto the tooth. The tip of
an explorer was used to gently remove any excess material
prior to curing, making sure the bracket placement was not
compromised. Each bracket was light cured (DEMI, Kerr) for
10 seconds for each side of the bracket (4 sides).

Microhardness Assessment

Vickers microhardness was measured before bracket
cementation and after bracket debonding using the MicroMet
2104 (Buehler). The measurement was performed with a
pyramid-shaped diamond indenter using a vertical load of
500 gf for 20 seconds. Before cementation, the microhardness
was measured at 12 standardized points on enamel, located
100 micrometers adjacent to edge of the area where each
bracket was placed (Figure 1), with three points on each
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edge (occlusal, mesial, distal, and cervical). After the bond
strength and demineralization tests, the microhardness was
measured again 50 micrometers distal (if located occlusal
and cervical) and 50 micrometers cervical (if located mesial
and distal) to each original standardized point (Figure 2).
The 12 microhardness values measured per tooth were
averaged for each tooth.

Mesial Distal

Figure 1: Baseline Vickers Microhardness.
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Figure 2: Post-Demineralization Vickers Microhardness.
(. J

Teeth Demineralization

After cementing brackets, the teeth were then mounted
on acrylic blocks and immersed in a demineralization
solution composed of 2 mL (0.05 M acetate buffer, pH 5.0)
[23]. Samples were immersed into the acidic solution for 96
hours, representing three months of real time [24]. After the
96 hour demineralization period, the teeth were removed
from the solution. The DIAGNOdent was used to measure
demineralization around each bracket (Figure 2).

Shear Bond Strength

After demineralization, acrylic blocks containing teeth
with bonded brackets were stored in distilled water at 37°C.
Within one week of demineralization, the Instron® 5566A
(Norwood, MA) model was used to test the shear bond
strength (SBS) of each group witha 1Kload celland crosshead
speed of 1 mm/minute [25]. Acrylic blocks were mounted
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on a jig in a position that the bracket-tooth interfaces were
parallel to the shear force created by the crosshead’s metal
rod moving down occluso-gingivally. The SBS was calculated
by dividing the debonding force by the bracket base surface
area and reported in megapascal (MPa).

Sample Size

The statistical software Stata 15 was used for sample
size calculation. Published papers reported that the shear
bond strengths were 23.6 + 9.2 MPa for ACTIVA BioACTIVE
Cement and 15.5 # 3.5 MPa for Transbond 3M XT Light Cure
[25,26]. To detect a mean difference of 8.1 MPa in the shear
bond strength between two groups, 30 teeth (n=15 per
group) will achieve a power of 85% and significance level
of 0.05. The minimum sample size was determined to be 15
teeth per group for a total of 45 teeth.

Data Analysis

Descriptive statistics (means and standard deviations)
were calculated for DIAGNOdent values, microhardness, and
SBS. One-way ANOVA with Bonferroni correction for post-
hoc pairwise comparisons were used to determine difference
in DIAGNOdent values, microhardness, and SBS between
the four groups. Additionally, to account for the baseline
difference in microhardness between groups, a multivariable
linear regression was used with the post-demineralization
microhardness as the dependent variable and the baseline
microhardness and group as independent variables.
All p-values less than 0.05 was considered statistically
significant. The statistical software Stata (version 15) was
used for the analysis.

Results

Baseline DIAGNOdent values were not significantly
different between the four groups (Figure 3). After
demineralization, the DIAGNOdent value for Trans was
significantly higher compared to other groups. Baseline
microhardness was significantly different between groups
with the ActivaWE having the highest value (Figure 4,
Table 1). The microhardness values post-demineralization
decreased in all four groups (Figure 4). Microhardness
reductions after demineralization were 56.4, 58.7,100.1, and
126.9 for ActivaWOE, ActivaWE, Fuji, and Trans, respectively.
The microhardness reductions of ActivaWOE and ActivaWE
were not statistically different. SBS was 8.9 MPa for Trans,
7.6 MPa for ActivaWE, 3.8 MPa for Fuji, and 2 MPa for
ActivaWOE. There was no significant difference in SBS
between ActivaWE and Trans (Table 1). Multivariable linear
regression analysis showed that the post-demineralization
microhardness of ActivaWOE, Fuji, and ActivaWE were 49.9,
3.4, and 59.6 points higher in average compared to Trans,
respectively, after adjusting for the difference in the baseline
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microhardnesss between the 4 groups (Table 2).
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Figure 4: Vicker’s Microhardness Number at baseline and post-demineralization

L J
GROUP Baseline Vickers Post-Demineralization A Vickers SBS
Microhardness Vickers Microhardness Microhardness

ActivaWOE 254.2 £ 21.72 197.8 £ 28.63¢ 56.4 + 31.8%0 2.0+ 1.2

Trans 257.0 £ 21.6° 130.1 + 39.84 126.9 + 37.43¢ 8.9 £ 5.73¢

Fuji 248.3 + 16.2¢ 148.3 + 24.2b¢ 100.1 + 24.3b4 3.8+ 2.0¢

ActivaWE 288.1 £ 21.42b¢ 229.4 £ 17.2¢de 58.7 £ 8.7%4 7.6 +4.8°
ANOVA p value <0.01 <0.001 <0.001 <0.001

In each column, mean microhardness or SBS values of two groups with the same lowercase letter were significantly different.
A = Baseline Vickers Microhardness - Post-Demineralization Vickers Microhardness.
Table 1: Vickers Microhardness and Shear Bond Strength Values.
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Variables Regression coefficients 95% CI p
Group
ActivaWOE 69.3 499 - 88.7 <0.001
Trans reference reference
Fuji 23.1 3.4-42.7 0.02
ActivaWE 81.8 59.6 - 104 <0.001
Baseline microhardness 0.6 02-0.9 0.002
Total adjusted R? 0.7

Post-demineralization microhardness was adjusted for baseline microhardness difference between groups. The reference

category was Transbond XT Adhesive Light Cure.

Table 2: Multivariable linear regression analysis for comparing post-demineralization microhardness between groups.

Discussion

This in-vitro study presented promising properties
of the bioactive material, ACTIVA BioACTIVE-Cement
with acid-etching, in comparison with other materials for
cementing orthodontic brackets. ACTIVA BioACTIVE-Cement
significantly reduced the demineralization of enamel around
brackets while providing a similar resistance to withstand
the forces applied during the orthodontic treatment
in comparison with the well-established resin cement,
Transbond XT Adhesive Light Cure. Since the main usage
of the ACTIVA BioACTIVE-Cement is crown cementation
according to the manufacturer guideline, the findings of
this study indicated a possibility of an additional use of the
material for cementing orthodontic brackets.

The average baseline enamel Vickers microhardness of
all samples in our study was 261.9 + 25.2 which is similar
to values reported in literature ranging from 270 to 360
for enamel [2,12,27-29]. Microhardness and of all samples
decreased and DIAGNOdent values increased variously after
acid challenge, indicating a demineralization of enamel.
ACTIVA BioACTIVE-Cement provided the least enamel
demineralization around the brackets, followed by GC
Fuji ORTHO and Transbond XT Adhesive Light Cure. This
finding corroborates with the literature reporting that using
calcium, phosphate and fluoride-releasing dental materials
during or after bonding orthodontic brackets successfully
reduce demineralization of enamel around the brackets in-
vitro and in vivo [1,30,31]. In addition, studies showed that
glass ionomer cements suffered less demineralization on
enamel and dentin/restoration interfaces when compared to
composite resins [32].

ACTIVA BioACTIVE-Cement reduced enamel
demineralization around the brackets due to its ability to
release and recharge more calcium, phosphate and fluoride
than glass ionomer and traditional RMGI Cements. It is
composed of a bioactive ionic resin matrix, a rubberized
resin component, and reactive ionomer glass fillers. These
components allow the material to mimic the physical and
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chemical properties ofthe naturaltooth. The oral environment
has a fluctuating pH, and ACTIVA responds through the
release of calcium, phosphate, and fluoride. ACTIVA Cement,
when placed in a phosphate buffered saline solution, was
shown to have an increased concentration of calcium and
phosphorus ions at the surface indicating the formation
of mineral apatite deposits [33] and this layer of apatite
integrates the cement with dentin [34]. ACTIVA was shown
to have greater fluoride release compared to two commonly
used glass ionomer and resin-modified glass ionomers [35].
Phosphate release contributes to apatite formation, and its
release is pH dependent. At lower pH values ACTIVA releases
phosphate, and this phosphate can interact with calcium and
fluoride ions during periods of higher pH [36]. lon release
and apatite deposition are properties of ACTIVA that allow
this material to have the potential to produce long-lasting
and effective cementation.

There has not been much data about the shear bond
strength of ACTIVA BioACTIVE-Cement. The bond strength
of the orthodontic bracket must be able to withstand the
forces applied during the orthodontic treatment. Reynolds
[37] stated that 5.9-7.8 MPa resistances are sufficient
to withstand masticatory forces. In our study, ACTIVA
BioACTIVE-Cement with enamel etching and Transbond
XT Adhesive Light Cure provided SBS values within this
range. Additionally, our study showed that etching enamel
prior to the bracket cementation with ACTIVA BioACTIVE-
Cement significantly increased SBS to a similar value of a
well-established self-adhesive resin cement, Transbond XT
Adhesive Light Cure. Claussen, et al. reported that ACTIVA
BioACTIVE-cement and self-adhesive resin cement, RelyX™
Unicem 2, showed no significantly different SBS on enamel
[26]. Another study was conducted to compare the SBS of
various cements when bonded to zirconia, e.max crowns,
titanium, stainless steel, and dentin. The results showed that
ACTIVA BioACTIVE Cement had statistically superior shear
bond strength when compared to Rely X™ Unicem 2 Automix,
Ceramir® Crown & Bridge, and FujiCEM™ 2 Cement [38].
According to the Pulpdent’s instruction for use, the ACTIVA
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BioACTIVE-Cement is dedicated for crown and bridge
cementation [39]. Our study’s results corroborated with the
literature supporting the potential use of the product for
cementing orthodontic bracket.

There were several limitations in our study. First,
although teeth were randomly assigned to groups, baseline
microhardness was different between the groups. To account
for the baseline difference, we also calculated and compared
the change in microhardness after demineralization between
groups and used linear regression model to adjust for the
difference in the baseline difference. Second, we assessed
the performance of the materials after the acid challenge
only. This may not mimic the real situation of alternative
demineralization and remineralization process in the oral
cavity. We expect that ACTIVA BioACTIVE Cement may
even perform better in clinical situation due to its bioactive
characteristic. Third, curved surfaces of the teeth may affect
the accuracy of microhardness. However, because we want
to assess the surface microhardness around the bracket, this
limitation is unavoidable. To reduce potential measurement
errors, we measured microhardness at many points around
the brackets and averaged them.

The findings of this study suggested an additional use
of ACTIVA BioACTIVE Cement for cementing orthodontic
brackets as well as future research. In this study, only one
etching time of 10 seconds was used for etching enamel
before applying ACTIVA BioACTIVE Cement. In order to
develop a clinical instruction for using the material, different
etching times should also be assessed for the optimal
performance of the ACTIVA BioACTIVE Cement. Additionally,
assessing the performance of the ACTIVA BioACTIVE Cement
after demineralization was the first step, further study is
needed to assess the effect of alternative demineralization
and remineralization process both in vitro and in-vivo on the
performance of ACTIVA BioACTIVE Cement.

Conclusion

The results of this study indicate that ActivaWE
for 10 seconds has increased SBS while exhibiting less
demineralization of tooth structure. This material may
offer better strength of enamel clinically, while reducing the
incidence of white spot lesions.
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