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Effects of bonding materials on the mechanical properties of enamel around

orthodontic brackets

Naohisa Kohda®; Masahiro lijima®; William A. Brantley®; Takeshi Muguruma?; Toshihiro Yuasa?;

Susumu Nakagaki; Itaru Mizoguchi®

ABSTRACT

Objective: To determine if the enamel around orthodontic brackets is significantly altered after
demineralization followed by application of adhesives with and without fluoride-releasing ability.
Materials and Methods: One hundred eight noncarious human premolars were divided into six
groups of 18 each and exposed to a demineralization solution. Stainless steel brackets were
bonded using two conventional composite resin etch-and-rinse systems, three self-etching primer
(SEP) composite resin systems, and one resin-modified glass ionomer cement (RMGIC) system.
One conventional and one SEP composite resin adhesive did not have fluoride-releasing ability,
which was claimed for the other four adhesives. The elastic modulus and hardness of the enamel
were determined with a nanoindenter at 10 equidistant depths ranging from 1—46 um and at four
regions: control (not exposed) enamel surface, under the adhesive, and at 50 um and 100 um from
the bracket edges. Using the Kruskal-Wallis and Mann-Whitney U-tests (P < .0125 for statistical
significance), these properties were compared at different regions.

Results: The same behavior was observed for values of elastic modulus and hardness. Significant
differences were found within approximately 21 um of the enamel surface for etching with 35%
phosphoric acid or priming with SEP, but only minimal changes occurred for the SEP adhesive.
Increases in near-surface elastic modulus and hardness of enamel were found with the SEP
adhesive and RMGIC with fluoride-releasing ability.

Conclusions: Clinical use of the fluoride-releasing adhesives investigated may prevent demineral-
ization of enamel around brackets during orthodontic treatment. (Angle Orthod. 2012;82:187-195.)
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INTRODUCTION

Increased prevalence of white spot formation in
orthodontic patients has been reported' due to the
irregular surface of orthodontic fixed appliances, which
creates stagnation areas for plaque, render tooth cleaning
more difficult, and limits naturally occurring self-cleaning
mechanisms.” Fluoride plays an important role in the
prevention of demineralization during orthodontic treat-
ment, and mouth rinses with fluoride solutions are
recommended in addition to daily tooth-brushing. Howev-
er, the use of mouth rinses for preventive enamel
demineralization requires cooperation by the patient,
which is sometimes difficult, especially for young patients.
On the other hand, the original method of using
phosphoric acid for etching in bracket bonding is
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associated with a loss of the enamel surface (approxi-
mately 10-20 pum),>*® although etched enamel around
orthodontic brackets might be remineralized by an
application of the fluoride products.*

Over the past decade, progress has been made in
bracket bonding to enamel with resin-modified glass
ionomer cements (RMGICs) and self-etching primers
(SEPs),? and their lower etching ability might minimize
the potential for iatrogenic damage to enamel. Fluoride-
releasing adhesives with less etching ability, such as
RMGIC and SEP composite resin adhesive systems
containing fillers with fluoride, might be good selections
for preventive enamel demineralization. The preventive
effect of an adhesive adjacent to brackets has been
investigated in vitro'® and in vivo’® by quantifying the
demineralization depths and the mineral losses with
various evaluation methods. Most studies have been
shown that RMGICs are more effective for prevention of
enamel demineralization in comparison with fluoride-
releasing and non—fluoride-releasing composite resin
adhesive systems."8 To investigate the demineraliza-
tion of enamel quantitatively, use of cross-sectional
microhardness measurements with a Knoop indenter
has been a popular method>® because there is high
correlation between enamel microhardness and the
percentage of mineral in carious lesions.™®

Recent advances in the nanoindentation test have
allowed the measurement of mechanical properties for
extremely small volumes of materials where the contact
radius is less than 100 nm.""* In nanoindentation testing,
the load and displacement are recorded with a high-
resolution displacement gage during the indentation
process, and the area of the indentation is obtained from
the geometric form of the indenter without having to
actually observe the indentation; thereby the hardness of
the specimen can be calculated. In addition, the elastic
modulus for this very small volume of material can be
obtained mathematically from the load-displacement curve.

Little is presently known about mechanical proper-
ties of the subsurface region of enamel around
orthodontic brackets. The purpose of this in vitro study
was to investigate the hardness and elastic modulus of
enamel around orthodontic brackets after immersion in
a demineralization solution and compare these me-
chanical properties for different adhesive systems with
and without fluoride-releasing ability. It was hypothe-
sized that different types of adhesive systems have
significantly different effects on the enamel deminer-
alization behavior and mechanical properties.

MATERIALS AND METHODS
Materials

One hundred eight noncarious human premolars,
obtained by extraction from patients who were to
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undergo orthodontic treatment, were allocated into six
groups of 18 each. This in vitro study received
approval by an ethics committee at the Health
Sciences University of Hokkaido. The buccal surfaces
of all teeth were cleaned using nonfluoridated pumice.
The teeth were subsequently polished using a rubber
cup, and thoroughly washed and dried using a
moisture-free air source. Maxillary or mandibular
stainless steel brackets (Victory Series, 3M Unitek,
Monrovia, Calif) were bonded to the enamel samples
with each of the six bracket bonding adhesive systems
listed in Table 1. Groups 1 and 2 employed conven-
tional etch-and-rinse composite resin adhesive sys-
tems. Groups 3, 4, and 5 employed SEP composite
resin adhesive systems. Group 6 employed an RMGIC
adhesive system. The manufacturers claim that the
adhesives employed for groups 2, 4, 5, and 6 have
fluoride-releasing ability.

Preparation of Teeth

The buccal surfaces of the premolars were coated
with a 1.5-mm width of acid-resistant nail varnish from
the cusp to the cervix, and these regions under the nalil
varnish were used as the control (Figure 1a). In groups
1 and 2, the buccal surfaces were etched with
conventional 35% phosphoric acid gel for 15 seconds
(Figure 1b), washed for 20 seconds, and dried with an
oil-free air stream. Transbond XT primer was then
applied to the etched surface. In groups 3, 4, and 5,
Transbond SEP or Beauty Ortho Bond SEP was
applied by rubbing on the buccal enamel surfaces for
approximately 3 seconds; afterward an air jet was
lightly applied. In group 6, 20% polyacrylic acid Ortho
Conditioner was applied for 10 seconds on the buccal
enamel surface, which was washed for 20 seconds,
and dried with an oil-free air stream. Then, the
stainless steel brackets (Victory Series, 3M Unitek)
were bonded with the composite resin adhesive pastes
or RMGIC paste and light-cured according to the
instructions from each manufacturer (Figure 1c). Acid-
resistant nail varnish was next applied to each tooth,
leaving a 1-mm rim of exposed sound enamel
surrounding the bracket (Figure 1d). The specimens
were then immersed in a demineralization solution (4%
Methocel MC gel [Fluka, Buchs, Switzerland] + 0.1%
lactic acid) in a polystyrene vial (Figure 1e). The
solution was adjusted to a pH of 4.6. All specimens
were immersed in 10 mL of this solution for 96 hours at
37°C, with the solution being changed every 12 hours,
and then gently washed with deionized water.

All of the teeth were cut with a slow-speed water-
cooled diamond saw (Isomet, Buehler, Lake Bluff, Ill)
so that they were divided into occlusal and cervical
halves (Figure 1f); one of the sectioned specimens
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Table 1. Materials Employed in Present Study

Material® Components Composition Fluoride  Manufacturer
Group 1 Transbond XT etch- Etching gel 35% Phosphoric acid 3M Unitek
and-rinse adhesive Primer TEGDMA, Bis-GMA
Paste TEGDMA, Bis-GMA, silane-treated quartz,
amorphous silica, camphorquinone
Group 2 Transbond Plus Color Etching gel 35% Phosphoric acid 3M Unitek
Change etch-and- Primer TEGDMA, Bis-GMA
rinse adhesive Paste TEGDMA, Bis-GMA, silane-treated quartz, +
amorphous silica, camphorquinone
Group 3 Transbond XT SEP SEP Methacrylated phosphoric acid esters, amino 3M Unitek
adhesive benzoate, camphorquinone
Paste TEGDMA, Bis-GMA, silane-treated quartz,
amorphous silica, camphorquinone
Group 4 Transbond Plus SEP Methacrylated phosphoric acid esters, amino 3M Unitek
Color Change benzoate, camphorquinone
SEP adhesive Paste TEGDMA, Bis-GMA, silane-treated quartz, +
amorphous silica, camphorquinone
Group 5 Beauty Ortho Bond Primer A Water, acetone, other Shofu
SEP adhesive Primer B Phosphoric acid monomer, ethanol
Paste TEGDMA, Bis-GMA, S-PRG filler, camphorquinone +
Group 6 Fuji Ortho LC Automix Conditioner 20% Polyacrylic acid GC America
RMGIC adhesive Paste A Fluoro-alumino-silicate glass, dimethacrylate +
Paste B polyacrylic acid, silicon dioxide, distilled water

2 SEP indicates self-etching primer; RMGIC, resin-modified glass ionomer cement.
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Figure 1. Schematic illustration of specimen preparation sequence and regions of tooth enamel investigated with the nanoindentation test.
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Figure 2. Mean values of hardness of enamel at different distances from the surface after immersion in demineralization solution. Group 1,
Transbond XT etch-and-rinse adhesive system; group 2, Transbond Plus Color Change etch-and-rinse adhesive system; group 3, Transbond XT
SEP adhesive system; group 4, Transbond Plus Color Change SEP adhesive system; group 5, Beauty Ortho Bond SEP adhesive system; and

group 6, Fuji Ortho LC Automix RMGIC adhesive system.

(transverse planes) was then encapsulated in epoxy
resin (Epofix, Struers, Copenhagen, Denmark) for the
nanoindentation test. All samples were ground (600-
grit sandpaper) and polished using diamond suspen-
sions (3-, 1-, and 0.25-um particle sizes) to obtain a
suitable surface for nanoindentation.

Nanoindentation Test

All nanoindentation testing (ENT-1100a, Elionix,
Tokyo, Japan) was carried out at 28°C with a peak
load of 10 mN using a Berkovich indenter. Each test
consisted of three parts: 10 seconds for loading to the
peak value, 1 second of holding at the peak load, and
10 seconds for unloading. The indentations were placed
at 1-46 um depth (10 locations spaced 5 um apart) from
the external surface for four regions (region 1: control;
region 2: under the bonding adhesive; region 3: 50 um
from the bracket edge; region 4: 100 um from the
bracket edge) (Figure 1h). The measurement points
were selected using the optical microscope and charge-
coupled device camera coupled to the nanoindentation
test apparatus. Linear extrapolation methods (ISO
Standard 14577-1)'® were used for the unloading curve
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between 95% and 70% of the maximum test force to
calculate the elastic modulus. The hardness and elastic
modulus were calculated by software available with the
nanoindentation apparatus.

Statistical Analysis

The experimental results were analyzed using the
PASW Statistics software (version 18.0J for Windows,
IBM, Armonk, New York). The data for the mean
values of hardness and elastic modulus were not
normally distributed (Levene test), so the values were
compared using the Kruskal-Wallis test and the Mann-
Whitney U-test (P < .0125). The purpose of these
comparisons was to assess the effect of bracket
bonding procedure or immersion in demineralization
solution (regions 1-4) for each adhesive.

RESULTS

Figures 2 and 3 show mean values for hardness and
elastic modulus of the cross-sectioned polished spec-
imens (transverse planes) obtained by the nanoinden-
tation test; the results of statistical comparisons
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Figure 3. Mean values of elastic modulus of enamel at different distances from the surface after immersion in demineralization solution. Group 1,
Transbond XT etch-and-rinse adhesive system; group 2, Transbond Plus Color Change etch-and-rinse adhesive system; group 3, Transbond XT
SEP adhesive system; group 4, Transbond Plus Color Change SEP adhesive system; group 5, Beauty Ortho Bond SEP adhesive system; and

group 6, Fuji Ortho LC Automix RMGIC adhesive system.

between different regions are summarized in Tables 2
and 3. Locations at 1 um and 6 um from the enamel
surface for regions 2, 3, and 4 of both conventional
etch-and-rinse adhesive systems (groups 1 and 2) had
significantly lower hardness and elastic modulus than
those for region 1, except for the hardness of region 4 in
group 2 at 6 um depth. For group 3, there was no
significant difference in the hardness and elastic
modulus between regions 1 and 2. The hardness up
to 16 um in depth and elastic modulus up to 21 um in
depth from the enamel surface for regions 3 and 4 had
significantly lower values than those for region 1 and 2
except for elastic modulus at 16 um depth from the
enamel surface for region 4. There was no significant
difference in the mean values for hardness and elastic
modulus of enamel at each depth for group 4. For group
5, the locations at 1 um depth from the enamel surface
for regions 2, 3, and 4 had significantly lower hardness
than region 1, although there were no significant
differences in elastic modulus. For group 6, the location
at 1 um below the enamel surface for region 3 had
significantly lower hardness than region 2, but region 2
was not significantly different from region 1, and region

3 was not significantly different from region 4. The
elastic modulus for group 6 at 1 um depth was
significantly different for regions 1 and 3, but not for
regions 1 and 2 nor for regions 3 and 4.

DISCUSSION

The present in vitro study evaluated the effect of
bonding materials on the mechanical properties
(hardness and elastic modulus) of enamel around
orthodontic brackets. These mechanical properties
may change depending upon the bracket bonding
procedure and demineralization of enamel, and in this
study changes were assessed by cross-sectional
nanoindentation analysis. The mechanical properties
of enamel are generally linked to its mineral content.
Knowledge of the mechanical properties of enamel
such as the hardness and elastic modulus may lead to
an improved understanding of the bracket bonding and
demineralization behavior, along with the effects of
new bonding materials. In the nanoindentation test, the
minimum distance between indentations should be at
least five times the largest indentation diameter.® This
study used a 10 mN peak load, which made

Angle Orthodontist, Vol 82, No 2, 2012
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Table 2. Mean Values and Standard Deviation for Cross-sectional
Hardness (GPa) of Enamel at Distances From the Surface®

Region 1 Region 2 Region 3 Region 4

Depth,
um Mean SD Mean SD Mean SD Mean SD

Table 2. Continued

Region 1 Region 2 Region 3 Region 4

Depth,
um Mean SD Mean SD Mean SD Mean SD

Group 1 : Transbond XT

1 510* 092 1.81° 130 1.48° 0.63 1.51° 0.90

6 5.09° 094 355 1.14 3.65° 1.16 3.33° 1.60
11 548* 044 4.90° 064 5.02° 0.54 4.92*° 0.91
16 541 054 5.08 0.60 522 079 524 0.52
21 554 075 546 057 553 0.73 509 0.60
26 549 0.78 538 052 557 0.61 551 042
31 569 076 525 032 553 0.67 547 0.55
36 565 070 524 036 559 063 536 0.79
41 542 064 563 049 559 069 572 0.74
46 5.56 1.02 529 0.38 581 0.87 526 0.42

Group 2 : Transbond Plus Color Change

1 533 0.81 298 156 241> 1.15 218" 1.32

6 5.02° 073 3.48° 139 349" 140 3.66°° 1.60
11 510 066 490 0.64 485 072 491 0.75
16 516 073 525 0.39 496 062 490 0.83
21 527 087 523 053 555 047 536 077
26 537 058 549 042 579 053 551 0.59
31 547 053 558 058 577 035 553 0.71
36 559 053 542 048 585 0.34 549 0.91
41 567 087 578 068 586 033 544 1.15
46 565 063 561 075 578 0.31 559 0.80

Group 3 : Transbond XT + SEP
1 5.08 034 5.00° 056 396> 095 4.21° 0.95
6 5.122 040 549*° 046 4.28° 0.84 4.39° 0.91
11  525° 0.38 538 055 4.51° 090 4.48° 0.98
16 5.462° 0.38 573 0.53 5.01° 097 5.06° 0.80
21 545 056 557 044 527 0.69 517 0.57
26 5832 051 549 067 541 066 559 0.56
31 541 0.55 553 0.63 530 058 539 0.62
36 540 052 560 045 532 0.82 540 0.59
41 553 060 579 078 518 0.61 547 0.68
46 530 069 558 064 559 0.65 562 0.80

Group 4 : Transbond Plus Color Change + SEP

1 474 055 505 079 448 064 458 057

6 517 096 555 097 518 080 4.77 0.58
11 524 075 513 0.73 523 0.78 511 0.58
16 530 042 556 094 545 079 520 0.89
21 522 057 538 065 532 059 519 0.62
26 525 053 550 090 531 057 538 0.58
31 542 094 560 063 536 050 527 0.51
36 531 070 538 059 550 0.72 548 0.61
41 561 076 551 049 538 045 542 0.53
46 566 0.83 559 080 546 0.61 584 0.76

Group 5 : Beauty Ortho Bond

1 5472 054 4.87° 053 4.70° 0.85 4.57° 0.82

6 517 071 518 066 4.95 068 512 0.80
11 5.26 0.74 542 0.78 521 0.64 5.02 0.56
16 536 070 523 0.65 519 072 534 0.89
21 513 069 535 066 516 0.70 559 0.65
26 518 0.68 565 071 550 0.88 537 052
31 544 059 528 048 551 052 572 0.87
36 557 0.61 548 052 550 0.78 539 0.50
41 5.47 049 542 041 540 045 564 0.54
46 542 036 546 057 541 038 565 0.98

Group 6 : Fuji Ortho LC Automix
1 518 0.69 5.29° 0.81 4.59° 0.80 4.64**> 0.84
6 540 091 538 063 515 054 526 0.72

Angle Orthodontist, Vol 82, No 2, 2012

11 525 060 537 064 544 092 524 0.58
16 525 061 550 0.75 516 0.80 539 047
21 524 047 517 065 544 0.71 515 0.70
26 530 065 525 065 537 048 525 0.50
31 527 069 538 054 546 0.82 532 0.95
36 555 075 540 040 528 0.61 533 0.52
41 536 071 524 042 542 0.62 545 1.02
46 570 114 533 053 522 0.73 540 1.04

a Region 1, control; region 2, under bonding adhesive; region 3,
50 um from the bracket edge; region 4, 100 um from the bracket
edge. SEP indicates self-etching primer. Identical letters indicate that
mean values were not significantly different (P < .0125).

indentations having about 2 um width and length; the
distance between the indentations was about 3 um.
Because a greater peak load shows more accurate
values and stable data, and because the indentations
obtained by our condition did not produce any cracks
on the enamel, we used this 10 mN peak load
condition. In addition, a distance of less than 5 um
apart between indentations was favorable to analyze
the demineralization behavior in this study.

This in vitro study used noncarious human premo-
lars obtained from different patients, and the observed
individual variation in acid resistance of the enamel
specimens would be expected. However, the hardness
and elastic modulus for the control region (region 1)
obtained from all adhesive systems (groups 1-6)
showed no significant variation for all the locations
except that the group 4 location at 1 um had
significantly lower hardness than the other five groups.
Mean hardness and elastic modulus for region 1
ranged from 4.7-5.7 GPa and 87.3-99.6 GPa, re-
spectively, and these values were similar to recently
published values obtained with the nanoindentation
test (3.4-8.3 GPa for hardness; 61-130 GPa for
elastic modulus).®>'? The values of hardness and
elastic modulus obtained in this study should be
affected by the location (depth from enamel surface
and analysis region for each adhesive group), along
with test load, type of indenter, and direction of the
enamel rods.

The locations at 1 um and 6 um from the enamel
surface for region 2 for both conventional etch-and-
rinse adhesive systems (groups 1 and 2) had
significantly lower hardness and elastic modulus than
those for region 1 (control enamel). The mechanical
properties of enamel at least 6 um from the external
surface were influenced by demineralization, and this
agrees with the results from previous studies of the
effects of conventional etching and self-etching on the
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Table 3. Mean Values and Standard Deviation for Cross-sectional
Elastic Modulus (GPa) of Enamel at Distances From the Surface®

Region 2
SD Mean SD Mean SD

Region 3 Region 4

Depth, Region 1
um Mean SD Mean

Group 1 : Transbond XT
1 87.33" 11.66 39.32° 16.19 36.98° 12.20 36.79° 13.21
6 89.89*° 10.60 67.80° 13.45 69.57° 14.28 64.80° 20.93
11 93.08° 6.84 86.49° 7.44 86.87° 6.46 85.99°°10.28
16 9481 6.75 89.99 7.28 90.76 8.51 9126 7.59
21 97.222 8.74 93.93*° 573 94.77** 7.90 90.17° 6.05
26 96.77 9.35 9466 586 9552 542 9537 6.95
31 97.96* 6.55 92.82° 3.58 95.44°° 7.82 93.82** 5.03
36 97.64* 586 92.24> 598 95.73* 6.72 93.85** 7.94
41 96.07 9.14 95.70 549 9575 7.10 96.22 6.32
46 96.76 9.94 9276 530 98.04 8.44 9224 4.90

Group 2 : Transbond Plus Color Change
1 95.44* 558 59.89° 27.56 53.03° 18.99 54.47° 21.88
6 92.95* 7.38 70.44° 20.70 72.47° 18.33 72.10° 20.16
11 93.34° 5.69 87.83** 9.48 85.94° 6.91 88.80°° 8.87
16 96.02° 6.19 91.19° 6.30 86.54° 8.38 87.69°¢ 9.04
21 9657 586 91.85 7.36 94.13 6.21 91.74 8.97
26 9598 455 93.61 4.51 97.26 8.01 93.79 7.37
31 9711 487 9466 6.73 97.31 6.17 9579 7.74
36 98.93* 4.93 93.07° 5.40 97.93*° 577 95.44*10.36
41 9929 892 97.02 6.79 98.28 567 9429 13.56
46 100.34 7.94 96.36 6.70 98.22 551 96.59 6.86

Group 3 : Transbond XT + SEP
1 91.07¢0 575 88.95° 8.08 74.48° 9.93 76.91°® 11.90
6 93.23* 6.33 95.14* 461 78.18° 8.52 80.07° 10.22
11 94.622 430 95.37° 6.42 83.46° 9.75 81.89° 13.05
16 96.412° 4,05 99.13*° 5.52 88.61° 10.27 88.70°° 9.91
21 98.45* 7.09 97.022 421 91.73* 573 90.35®° 6.42
26 96.52 565 98.00 7.30 9425 6.72 9476 6.29
31 97.39*° 577 99.50* 8.61 94.13*® 7.37 92.63° 5.56
36 98.09 721 9890 6.97 93.66 8.15 93.34 585
41 99.28* 7.61101.18* 10.06 92.57° 5.98 94.152® 7.35
46 96.81 757 9858 6.49 96.78 6.21 98.21 8.83

Group 4 : Transbond Plus Color Change + SEP
1 89.63 7.63 89.41 9.56 83.87 8.19 84.17 7.68
6 94.02 11.17 95,51 11.01 9247 890 88.86 7.94
11 94,60 9.33 91.04 8.60 92.71 10.19 91.75 5.91
16 96.06 8.05 95.88 11.28 95.22 10.03 94.25 10.27
21 9558 892 92,69 7.15 93.43 6.59 91.74 7.65
26 97.56 15.16 94.24 8.19 9356 7.90 9568 7.83
31 9743 10.28 96.14 824 96.03 576 93.49 5.30
36 97.22 973 93.00 7.10 9494 9.82 9524 6.31
41 101.03 1225 94.43 5.00 93.04 6.50 95.86 7.30
46 99.62 11.64 95.13 858 96.40 7.82 98.66 8.48

Group 5 : Beauty Ortho Bond
1 91.97 10.35 87.10 8.07 85.00 11.87 8291 11.26
6 91.41 10.24 93.52 843 90.77 10.09 91.04 9.04
11 9345 1158 9559 9.32 9510 9.26 9229 9.76
16 93.73 9.76 94.15 8.88 9527 10.30 96.59 11.37
21 9345 10.04 9555 8.10 93.44 841 99.37 7.94
26 9391 866 97.32 851 97.34 10.35 96.58 7.60
31 97.05 9.39 9325 7.39 97.83 8.10 100.43 10.63
36 97.75 6.86 98.03 9.21 97.48 794 9766 6.74
41 97.80 6.27 96.02 6.65 97.16 7.64 98.76 6.21
46 97.37 6.04 96,59 7.05 97.02 594 99.72 10.22

Group 6 : Fuji Ortho LC Automix
1 91.49° 11.35 88.88** 12.20 80.98> 10.28 82.31=* 9.58
6 96.26 1227 92.32 8.46 90.70 7.83 93.38 12.11
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Table 3. Continued

Region 1 Region 2 Region 3 Region 4

Depth,
um Mean SD Mean SD Mean SD Mean SD

11 9476 10.17 9234 8.30 94.77 1247 92.94 7.99
16 9459 893 9439 858 93.02 10.59 94.47 7.63
21 9456 6.59 91.79 9.58 94.52 10.46 92.36 7.28
26 9554 6.61 93.58 7.30 9537 7.98 93.61 7.60
31 9528 7.52 9480 7.58 96.41 9.28 93.90 10.56
36 98.90 8.38 94.07 395 9263 7.09 93.79 6.20
41 9720 10.43 9459 7.79 94.62 6.94 95.71 10.08
46 101.22 15.37 97.44 559 9521 9.83 9520 11.22

2 Region 1, control; region 2, under bonding adhesive; region 3,
50 um from the bracket edge; region 4, 100 um from the bracket
edge. SEP indicates self-etching primer. Identical letters indicate that
mean values were not significantly different (P < .0125).

mechanical properties (hardness and elastic modulus)
of the enamel surface region.®® The location at 1 um
from the enamel surface for regions 2, 3, and 4 of
groups 1 and 2 had similar values of hardness and
elastic modulus, which was also found at the 6 um
location, and additional deterioration of the enamel
structure after etching with 35% phosphoric acid was
not observed. These results might suggest that
Transbond Plus Color Change with fluoride-releasing
ability was insufficient for remineralization of etched
enamel by 35% phosphoric acid around brackets and
that additional application of fluoride-containing prod-
ucts such as toothpaste, bonding materials, and
solutions should be needed for the remineralization.

Over the past decade, progress has been made in
bracket bonding to enamel with RMGICs and SEPs,?
and their lower etching ability might minimize the
potential for iatrogenic damage to enamel. Region 2 for
groups 3, 4, 5, and 6 had higher values for hardness
and elastic modulus than for groups 1 and 2,
suggesting that the surface treatment of SEP and
RMGIC adhesive systems causes minimal enamel
demineralization; this agrees with the observation from
a previous study.® A previous study'® found that the
etching patterns of aprismatic enamel were dependent
on the aggressiveness of the acid, but there was no
correlation between the aggressiveness and bond
strength to intact enamel. Another study' measured
pH values of phosphoric acid and orthodontic SEPs,
and the values were 1.39 for 35% phosphoric acid,
1.85 for Transbond SEP, and 2.20 for Beauty Ortho
Bond SEP; both SEPs with relatively less acidic pH
values had a mild etching effect for intact enamel. In
this study, greater demineralization by 35% phosphoric
acid compared to both SEPs was due to lower pH
value and longer application time.

Angle Orthodontist, Vol 82, No 2, 2012



194 KOHDA, IIJIMA, BRANTLEY, MUGURUMA, YUASA, NAKAGAKI, MIZOGUCHI

For group 3, the hardness up to 16 um in depth and
elastic modulus up to 21 um in depth from enamel
surface for regions 3 and 4 generally had significantly
lower values than those for regions 1 and 2 (although
there were no significant differences for region 1 at
16 um depth in group 3), indicating that additional
deterioration of the enamel structure by immersion in
demineralization solution occurred after priming with
SEPs. On the other hand, noteworthy deterioration of
the enamel structure by immersion in the demineral-
ization solution did not occur for groups 4 and 5. These
results may confirm that the fluoride-releasing ability
for groups 4 and 5 prevent enamel demineralization
around orthodontic brackets.

Glass ionomer cements have high levels of fluoride-
releasing ability, although they show poor bracket
bond strength and greater bond failure rates than
composite resin adhesives.®'® To obtain adequate
bond strength and provide greater fluoride release,
RMGICs have been developed. The recently intro-
duced RMGIC, Fuji Ortho LC Automix (GC America),
in easy-to-use Automix paste packages, was selected
for the present study. While Fuji Ortho LC Automix is
considered to be an improved product based on Fuiji
Ortho LC adhesive (GC America), neither the fluoride
release behavior nor the bracket bond strength have
been reported for this new adhesive. Previous studies
have reported that RMGICs showed more resistance
to demineralization of enamel than other bracket
bonding materials."®” However, SEP composite resin
adhesive systems (groups 4 and 5) with fluoride-
releasing ability showed an equivalent effect for
preventive enamel demineralization in the present
study.

Further materials-oriented studies are needed to
provide insight about the relationships between bond-
ing materials and enamel structures during orthodontic
treatment. Such investigations may also provide new
ideas for novel design of adhesive materials.

CONCLUSIONS

Under the conditions of this study, the following
conclusions can be drawn:

« The hardness and elastic modulus of the enamel
surface region is decreased by enamel etching with
35% phosphoric acid or priming with SEPs. The
influence is minimal for SEP adhesive, and SEP
adhesives or RMGIC adhesive systems with fluoride-
releasing ability may increase the hardness and
elastic modulus of the enamel surface region by
remineralization of the enamel.

« The fluoride-releasing ability of the composite resin
adhesive and BRMGIC adhesive prevents enamel

Angle Orthodontist, Vol 82, No 2, 2012

demineralization and the deterioration in mechanical
properties of enamel around brackets.

« Nanoindentation is a useful method for investigating
mechanical properties in small regions of enamel, and
these properties should be relevant to demineralization.
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