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A New One-Step Dental Flowable Composite for
Orthodontic Use:

An In Vitro Bond Strength Study

Simona Teccoa; Tonino Trainib; Sergio Caputic; Felice Festad; Valentina de Lucae;
Michele D’Attiliof

Abstract: A new flowable composite, Denfil FlowT, has shown an acceptable shear bond
strength for bonding orthodontic brackets, when used with an intermediate, unfilled, low-viscosity
resin. According to the manufacturer, it also shows a good viscosity for use with no preliminary
adhesive. This could reduce the total time of bonding procedure while maintaining clinically useful
bond strength. The aim of the current research was to assess this property. Eighty extracted
human premolars were randomly divided into four equal groups. Stainless steel brackets were
bonded to etched enamel using (1) Denfil Flow, (2) a traditional flowable composite (Dyract
FlowT), (3) Denfil Flow composite resin and an intermediate liquid resin, and (4) Transbond XTT
adhesive. Debonding was performed with a shearing force. The residual adhesive on the enamel
surface was evaluated using the adhesive remnant index. The bond strength of Denfil Flow (34.8
MPa) showed no significant difference with the other control groups and was clinically acceptable.
Denfil Flow and Dyract Flow tended to display cohesive failure within the adhesive. Denfil Flow
can be used without liquid resin to reduce the bonding procedure time while maintaining accept-
able bond strength. Further studies are required to evaluate the enamel surface of the teeth after
the same polishing procedure in the four groups. (Angle Orthod 2005;75:672–677.)
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INTRODUCTION

Since the advent of bonding brackets,1 clinicians
and researchers have worked to improve the qualities
of bonding agents. The qualities that have been of
most interest include bond strength, adequate working
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time, shorter cure time, and improved ease of use.
Among the composite resins that could be used in or-
thodontics as bonding agents today, flowable compos-
ite merits great attention because of its clinical han-
dling characteristics.2 Flowable composites show two
desirable clinical handling characteristics that have not
existed for composites until very recently: (1) nonstick-
iness, so that materials could be packed or con-
densed, and (2) fluid injectability.

These characteristics are associated with the low
viscosity of this type of composite resin. Generally, all
mechanical properties of a composite resin improve
with filler loading. Traditional dental composite resins
are densely loaded with reinforcing filler particles for
strength and wear resistance. Wear resistance in-
creases when small, highly packed filler particles pro-
tect the polymer matrix in the composite from food bo-
lus wear.3 Flowable composites were created by re-
taining the same small particle sizes of traditional hy-
brid composites but by reducing the filler content and
allowing the increased resin to reduce the viscosity of
the mixture. The authors have recently been involved
in the testing of a new composite resin named Denfil
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Flow (Vericom Laboratories Ltd, Anyang, Korea),
which guarantees a clinical acceptable shear bond
strength (SBS), compared with Transbond XT, when
used for bonding orthodontic brackets.4 Denfil Flow is
an enamel-bonding agent that belongs to a new gen-
eration of flowable composites. It is composed of Bis/
GMA/TEGDMA, with barium glass and silica. The con-
tent of inorganic filler (mean particle size is 0.01–2.5
mm) is 60% by weight.

According to the manufacturer, Denfil Flow provides
a low viscosity and a high SBS and film thickness and
can be used for bonding orthodontic brackets without
the use of a preliminary liquid resin on the etched
enamel surface.

The objective of this study was to test the compati-
bility of Denfil Flow for bonding orthodontic brackets
without liquid resin. Consequently, the SBS of the
composite resin in direct bonding of orthodontic metal
brackets to enamel was evaluated, as was the mode
of failure after the debonding of the brackets. The find-
ings were compared with those of other representative
commercial adhesives (Transbond XT, Dyract Flow,
and Denfil Flow with the preliminary low-viscosity res-
in).

MATERIALS AND METHODS

Teeth

Eighty human premolar teeth were collected and
stored in distilled water at room temperature, with thy-
mol crystals added to inhibit bacterial growth (0.1%).
Approximately six months elapsed between extraction
of the teeth and experimentation. Exclusion criteria in-
cluded previously restored teeth and teeth with enamel
defects or cracking and delamination of the enamel.
The teeth were examined with a magnifier (103).

Bonding

The teeth were randomly divided into four equal
groups. The buccal crown surface of each tooth was
rinsed and dried after a 15-second polish with fluoride-
free pumice slurry. Stainless steel metal premolar
Standard Edgewise brackets (ApolloY class G&H,
Greenwood, Ind) were bonded to the teeth with a dif-
ferent adhesive used for each group. All brackets were
bonded by the same operator (TS) who was blind to
the groupings of the teeth. The bonding adhesives
were all light cured with a curing light (XL300; 3M/Un-
itek Dental Products, Monrovia, Calif), which was cal-
ibrated every 10 minutes to ensure consistent light in-
tensity. At no time did the curing light intensity fail to
measure at least 400 mW/cm2.

Group 1: composite resin, Transbond XT (control).
The buccal enamel surface was etched with 37%

phosphoric acid for 30 seconds, rinsed for 15 seconds,
and dried with oil-free and moisture-free air until the
enamel had a faintly white appearance. Transbond XT
primer was applied to the etched surface in a thin film
and light cured for 10 seconds. Transbond XT adhe-
sive paste was applied to the bracket base, and the
bracket was positioned on the tooth and pressed firmly
with a Hollenback carver to expel the excess adhe-
sive. In both the groups, each bracket was subjected
to a 300-g compressive force using a force gauge
(Correx Co, Berne, Switzerland) for 10 seconds, after
which excess bonding resin was removed using a
sharp scaler. Then, the adhesive was light cured for
20 seconds from the incisal edge and 20 seconds from
the gingival bracket edge. Although the manufacturer
recommends 20 seconds of light curing, Wang and
Meng5 found that brackets bonded with Transbond XT
and cured for 40 seconds had a stronger bond than
did those cured for only 20 seconds.

Group 2: flowable composite resin, Denfil Flow with
intermediate unfilled liquid resin. The Denfil Flow was
obtained from manufacturers in A-2 shades. Etching,
rinsing, and drying were done according to the Trans-
bond XT protocol. An intermediate unfilled low-viscos-
ity liquid resin (Vericom Laboratories Ltd, Anyang, Ko-
rea) was applied on the air-dried and etched enamel.
It was left for 10 seconds, lightly dried, and then light
cured for 10 seconds. Denfil Flow was applied to the
bracket base, the base was positioned, and the ad-
hesive was light cured according to the Transbond XT
protocol.

Group 3: flowable composite resin, Denfil Flow.
Etching, rinsing, and drying were done according to
the Transbond XT protocol. No intermediate low-vis-
cosity liquid resin was applied on the etched enamel
surface. Denfil Flow was applied to the bracket base,
the base was positioned, and the adhesive was light
cured according to the Transbond XT protocol.

Group 4: flowable composite resin, Dyract Flow
(DeTrey Dentsply, Konstanz, Germany). Dyract Flow
was obtained from manufacturers in A-2 shades. Etch-
ing, rinsing, and drying were done according to the
Transbond XT protocol. Dyract Flow was applied to
the bracket base, the base was positioned, and the
adhesive was light cured according to the Transbond
XT protocol.

Storage after bonding

The bracketed teeth were immersed in sealed con-
tainers of deionized water and placed in an incubator
at 378C for 72 hours to permit adequate water absorp-
tion and equilibration.6
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FIGURE 1. Bonded teeth set in acrylic block; a 0.021 3 0.025-inch
stainless steel wire was ligated into each bracket slot to minimize
deformation of bracket during debonding; a 0.020-inch loop was
made from a 0.012-inch stainless steel ligature wire and placed un-
der the gingival wings of the twin bracket.

FIGURE 2. Bonded teeth set in acrylic block and positioned in a
testing machine.

Debonding

A 0.021 3 0.025-inch stainless steel wire was ligat-
ed into each bracket slot to minimize deformation of
bracket during debonding (Figure 1). Each specimen
was then mounted in a standardized 20 3 23-mm
acrylic block (Figure 1) (autopolymerizing polymethyl
methacrylate, PMMA, Esschem Co, Portland, Ore-
gon). Each of the 160 samples was assigned a four-
digit sample number so the examiner (MD’A) was
blinded to the sample group. For shear testing, each
bonded bracket was positioned in a testing machine
(Lloyd 30K, Lloyd Instruments Ltd, Segensworth, UK),
with a computerized method of measurements (Nexi-
gen, v. 4.0), parallel to the direction of load application
(Figure 2). A 0.020-inch loop was made from a 0.012-
inch stainless steel ligature wire and placed under the
gingival wings of the twin bracket (Figures 1 and 2).
The loop was then moved gingivo-occlusally at a
crosshead speed of 1 mm/minute. The load range was
50 kg.

To minimize variation in the direction of the debond-
ing force, each block was secured in a bench vice with
the pad of the bracket positioned parallel to the plung-
er of the testing machine (Figure 1). The load applied
at failure was recorded in Newtons (N), and the stress
was calculated in megapascals (1 MPa 5 1 N/mm2)
by dividing the force in N by the bracket base area of
9 mm2. The surface area of the base was determined
by measuring length and width and by computing the
mean area.

Bond failure assessment

The debonded enamel surfaces were examined un-
der 163 magnifications fiber-optic transillumination.

The residual adhesive remaining on the teeth was
assessed by using the adhesive remnant index (ARI),
as described by Årtun and Bergland7 and modified by
Lalani et al8 to include a score for enamel fracture
(EF). The remaining adhesive was scored with respect
to the amount of resin material that remained on the
surface of the tooth: 0, no adhesive remained on the
tooth; 1, less than 50% of the adhesive remained on
the tooth; 2, more than 50% of the adhesive remained
on the tooth; and 3, all adhesive remained on the
tooth. The ARI scores were used to assess the sites
of bond failure on the enamel-adhesive interface and
the adhesive-bracket interface.

Statistical analysis

Descriptive statistics included for the study and the
control group included the mean, standard deviation
(SD), range, variance, minimum and maximum of SBS
(MPa) (Table 1), as well as frequency distribution of
the ARI scores (%) (Table 2). A one-way analysis of
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TABLE 1. Mean Shear Bond Strengths (MPa) and Descriptive Statistics

N Mean SD Variance Range Minimum Maximum Significance

Denfil Flow
Dyract Flow
Denfil Flow/Denfil Primer
Transbond XT

20
20
20
20

34.80
28.80
25.52
23.23

19.70
16.24
7.12
5.20

387.79
263.84
50.65
27.0

91.92
71.10
32.61
20.43

16.78
12.93
14.75
14.72

108.70
84.03
47.36
35.14

NSa

NS
NS
NS

a NS indicates not significant; * P , .05.

TABLE 2. Frequency Distribution of the Adhesive Remnant Index
(ARI) Scores (%) for the Two Groupsa

Group

ARI

0 1 2 3 EF x2 test

Denfil Flow
Dyract Flow
Denfil Flow/Denfil

Primer
Transbond XT

5
0

5
5

35
30

12
5

40
55

18
15

15
14

58
65

5
1

7
10

(x2 5 6.510)

NS

a 0 indicates that no adhesive remained on the tooth; 1, less than
50% of the adhesive remained on the tooth; 2, more than 50% of
the adhesive remained on the tooth; 3, all adhesive remained on the
tooth; EF, enamel fractured; NS, not significant.

variance (ANOVA) and Tukey’s multiple comparison
tests were used to determine the statistical signifi-
cance of any difference in mean SBSs between the
four groups. The ARI was analyzed for percentage
and frequency of fracture type, and a chi-square test
was used as the statistical test. Significance for all sta-
tistical tests was predetermined at P , .05.

RESULTS

Shear bond strengths

Descriptive statistics are provided in Table 1. The
ANOVA indicated no significant differences in bond
strength among the four groups. Denfil Flow displayed
the higher mean SBS (34.8 MPa), SD (19.7), and
range (91.92 MPa).

Adhesive remnant index

The chi-square analysis comparing the ARI scores
indicated no significant differences in the ARI scores
among the four groups (Table 2). In both the groups
bonded with flowable composite (group 1 and group
2), the greatest frequency was observed at ARI scores
of 2 and 3 (75% and 85%, respectively), whereas
group 4 and group 3 displayed the greatest frequency
at an ARI score of 3 (65% and 58%). Dyract Flow
showed the lower frequency of EF after debonding
(Table 2).

DISCUSSION

Traditionally, the use of a primer was an essential
part of the bonding procedure of composite adhesives
to allow good wetting and penetration of the sealant
into the enamel surface.9 Recently, the use of self-
etching primers for orthodontic purposes was believed
to simplify the clinical handling of adhesives systems
by combining the etchant and the primer in one appli-
cation.10 However, the earlier generations of acidic
primers were selectively compatible with different ad-
hesives and, thus, they produced significantly lower
bond strength or needed significantly more working
time.10

The goal of current orthodontic research is to im-
prove the bonding procedure by minimizing the time
of working during bonding and debonding without
jeopardizing the ability to maintain a clinically useful
bond strength. This investigation revealed that a flow-
able composite can be used for bonding orthodontic
brackets without the intermediate low-viscosity resin
while, concomitantly, increasing bond strength and re-
ducing the working time. The in vivo performance of
the fixed appliances bonded with Denfil Flow will be
assessed in a future clinical trial. Nonetheless, the ear-
ly in vitro SBSs seem promising. By reducing the num-
ber of steps during bonding, clinicians are able to save
time and reduce the potential for error through contam-
ination during the bonding procedure.

Shear bond strengths

The bond strength was not measured under oral
conditions, where mechanical impact and biochemical
changes may result in adhesive material fatigue and
inadvertent debonding forces. Nevertheless, in vitro
shear debonding forces are an acceptable methodol-
ogy to determine future in vivo comparative condi-
tions.11

The bond strengths of the four adhesives tested
were greater than the 5.9 to 7.8 MPa considered by
Reynolds12 to be adequate for routine clinical use. The
bond strength for the control composite Transbond XT,
at 23.23 MPa, was greater than that observed in some
previous studies,8,13–15 although similar to that found by
Rock and Abdullah,16 Sinha et al,17 Tang et al,18 and
Rix et al.19 Denfil Flow with no intermediate low-vis-
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cosity liquid resin showed the largest SD (SD: 19.70)
and the greater range (91.92) for bond strength of the
four adhesives, suggesting that the bond strength for
this material may be more technique-sensitive than the
others. However, because of the observed high bond
strength mean values, we can expect a decrease in
unexpected debonding during treatment. Our six
months of clinical experience with Denfil Flow with no
preliminary liquid resin have confirmed this. Future
clinical investigation will be performed to confirm this
data.

Enamel fractures

The four groups displayed a low frequency of EF on
debonding. The frequency of EF for Transbond XT in
this study was 7%, compared with 16.2% for similarly
treated samples by Lalani et al8 and 57.5% by Rix et
al.19 Denfil Flow and Dyract Flow displayed lower fre-
quencies of EF (5% and 1%, respectively) on debond-
ing than did Transbond XT. This means that flowable
composites, with no intermediate low-viscosity resin,
seem to be sufficient to obtain clinically acceptable
bond strength, with the added advantage of causing
no damage to the enamel surface. In this study, the
higher frequency of EF occurred with the materials that
were applied with the use of an intermediate liquid res-
in (Transbond XT and Denfil Flow with Denfil Primer).
However, the high level of EF noted in these groups
does not occur clinically and may be due to the exten-
sive cracking from extraction process and the gener-
ally higher bond strengths obtainable in ideal bench-
top conditions.

Adhesive remnant index

The chi-square analysis comparing the ARI scores
indicated no significant differences between the four
groups in the type of bond failure (Table 2). In both
the groups bonded with flowable composite (group 1
and group 2), the greatest frequency was observed at
ARI scores of 2 and 3 (75% and 85%, respectively),
whereas group 4 and group 3 displayed the greatest
frequency at an ARI score of 3 (65% and 58%, re-
spectively). The ARI score of 3 indicates that the entire
adhesive remained on the tooth after debonding and,
consequently, that the bond failure occurred at the ad-
hesive-bracket interface.

The ARI of zero indicates that no adhesive re-
mained on the tooth after debonding and, consequent-
ly, that the bond failure occurred at the enamel-ad-
hesive interface. The ARI scores of 1 and 2 indicate,
respectively, that less than 50% or more than 50% of
the adhesive remained on the tooth after debonding,
which is defined as a cohesive failure within the ad-
hesive. Examination for ARI indicates that there was

less adhesive remnant left on the teeth when flowable
composites were used with no intermediate low-vis-
cosity resin. This was probably because wetting and
penetration of the composite into the enamel surface
was reduced as compared with when a lower viscosity
resin was used. However, this reduced penetration
into the enamel surface did not reduce the SBS that
was clinically acceptable for both Denfil Flow and Dy-
ract Flow. In addition, examination of the ARI score
showed that flowable composites with no intermediate
low-viscosity resin tended to display adhesive cohe-
sive failure within the adhesive. On the other hand,
Transbond XT and Denfil Flow with use of low-viscos-
ity resin tended to display adhesive failure at the ad-
hesive/bracket interface.

CONCLUSIONS

• There was no significant difference in mean SBSs
between the four adhesives.

• The bond strengths for the four adhesives were clin-
ically acceptable.

• Transbond XT and Denfil Flow with the adjunction of
low-viscosity liquid resin tended to display adhesive
failure at the adhesive/bracket interface, whereas
Denfil Flow and Dyract Flow tended to display co-
hesive failure within the adhesive.

• Dyract Flow displayed the lower frequency of EF af-
ter debonding (1%).
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