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Abstract Though the effectiveness of film and strip type
tooth-whitening agents on the bleaching of tooth has been
confirmed, there have been few studies on their influence
on restorative materials. The purpose was to investigate
the effect of tooth-whitening film and strip on the changes
in color and surface roughness of dental resin composites.
The composites used were Filtek Supreme (3M ESPE),
Point 4 (Kerr), and Spectrum TPH (Dentsply). Specimens
were prepared 10 mm in diameter and 1 mm in thickness.
Film type (Night Effect, Crest; Simply White Night,
Colgate) and strip type (Whitestrips Professional, Crest;
Claren, LG) agents were used, and bleaching procedures
were performed for 2 weeks according to the manufac-
turers’ recommendations. Color was measured accord-
ing to the CIELab color scale with a spectrophotometer.
Color difference (AE",;) and surface roughness (Ra) were
measured. After bleaching, the AE",;, values were 0.90—
1.67, which was too small to be perceptible (<3.3). The
increase in Ra values was significant in some compos-
ite-whitening agent combinations (P<0.01), however
the value was less than 0.30 um after bleaching. There-
fore the change in surface roughness was clinically in-
significant. We conclude that the influence of tooth-
whitening film and strip on the color and surface rough-
ness of dental resin composites was negligible.
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Introduction

The use of tooth-whitening agents to improve the ap-
pearance of natural dentition has become a popular pro-
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cedure. Tooth-whitening agents effectively whiten the
tooth [11]. Contemporary agents are based primarily on
hydrogen peroxide or its compounds such as carbamide
peroxide or sodium perborate, and these are often used in
combination with an activating agent such as heat or light.
Tooth whitening is believed to occur through oxidation of
organic substances in tooth by oxide free radicals that are
generated from the tooth-whitening agent [2]. The oxi-
dation process changes the chemical structure of inter-
acting organic substances of tooth, which results in color
change [25].

The effectiveness of tooth-whitening strips and film
on the color improvement of natural dentition has been
reported in a clinical study [5]. There were significant
changes in CIE L and CIE b" values of tooth after
bleaching with tooth-whitening strip [7]. An experiment
on the effects of low concentrations of home bleaching
agents on the characteristics of tooth surface did not
show any significant changes in enamel, dentin, or the
dentinoenamel junction [23]. However, in an examina-
tion of highly concentrated carbamide peroxide for office
bleaching, some changes were found in the structure of
enamel [16].

Resin composite is a very popular esthetic restorative
material of which the color matching with the tooth
has been of great concern for practitioners and patients.
Highly concentrated office bleaching systems affected
the color of resin composite, but low concentrations of
home bleaching systems did not [14, 15]. In a study on
the surface roughness (Ra) of restorative materials after
bleaching, there was no significant change in porcelain, a
slight change in resin composite, and significant change
in glass ionomer [20]. On the other hand, there was no
significant change in Ra values of resin composite after
in-office bleaching [22].

In previous studies, there were varied degrees of
change in color and surface roughness of resin compos-
ites after bleaching. There have been diverse works on
the whitening effectiveness of recently introduced film
and strip type tooth-whitening agents in natural denti-
tion but few on esthetic restorative materials. Recently, a



nanofilled resin composite with primary filler size of 5—
20 nm was introduced [21]. Its surface properties may be
different from those of hybrid composites.

The purpose of this study was to evaluate the effects of
two types of home bleaching systems on the changes on
color and surface roughness of microhybrid and nano-
filled resin composites.

Materials and methods
Resin composites and whitening systems

Three brands of resin composites of A2 and B2 shades were studied
(Table 1). The shade designations of A2 ad B2 are taken from the
Vita lumin vacuum shade guide (VITA, Bad Sickingen, Germany).
One nanofilled resin composite was coded as FS. The fillers were a
combination of aggregated zirconia/silica cluster fillers with pri-
mary particle size of 5-20 nm and a nonagglomerated/nonaggre-
gated 20 nm silica filler. The filler loading was 78.5 wt/%. PT
contained approximately 75 wt/% (57 vol/%) inorganic filler with
an average particle size of 0.4 um, and SP contained 77 wt/% of
microfiller (average 1 um, maximum 5 pum) and submicron filler
(0.01-0.04 pm).

Two types of tooth-whitening systems for home bleaching were
applied (Table 2). There were some differences in application
protocols for the two systems, but both made thin films on the
substance surface. The strips acted just as donors of this film.

Preparation of composite specimens

Specimens 10 mm in diameter and 1 mm thick were made with a
polytetrafluoroethylene mold. Resin composite was packed into the
mold, with the upper and lower surfaces covered with acetate
matrix strips. The specimens were light-cured for 40 s by dividing
the specimens into three areas each with a Spectrum 800 light-
curing unit (Dentsply/Caulk, Milford, Del., USA) with an intensity
setting of 400 mW/cm?, and the output of the curing light was
checked with a radiometer (SDS/Kerr, Orange, Calif., USA).

The specimens were rubbed against a sheet of wet silicon car-
bide paper of 1500 grit for 50 strokes of 15 cm in length to remove
the oxygen inhibition layer and resin-rich layer from the surface.
All specimens were stored in distilled water at 37°C for 24 h and
cleaned in distilled water in an ultrasonic cleaner for 60 min.
Twenty-five specimens were made for each material and shade.

Table 1 Resin composites used in this study
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The specimens were divided into five groups of five each, including
the control group.

Whitening procedure

Film type whitening agent was simply applied on the blot-dried
surface of composite specimen. According to the manufacturers’
recommendations, the working time of this type is during sleep at
night. Generally, most people sleep approximately 8 h; therefore,
the working time of this type was estimated at 8 h [9]. Strip type
whitening agent was prepared in 10-mm squares. According to the
manufacturers’ recommendations, its working time is 30 min twice
a day. It is recommended that all the whitening systems need
2 weeks of this regimen for the maximum whitening effect.

All the specimens were stored in a 37°C, 100% relative hu-
midity chamber during the whitening procedure. After removing
the bleaching agent after each application (8 h or 30 min), the
specimens were washed in distilled water for 30 s. These proce-
dures were repeated once a day for the film type and twice a day for
the strip type. The control specimens were kept in the chamber
under the same conditions during the 2-week period but without
any treatment.

Color measurement

Color was measured according to CIELab color scale relative to the
standard illuminant D65 over a dentine shade disk of 20 mm in
diameter and 8 mm in thickness (CIE L'=66.81, a"=2.99, and
b =15.22) on a reflection spectrophotometer (CM-3500d) (Minolta,
Tokyo, Japan) with SCE geometry. The dentin shade disk was
made of Filtek Supreme A2 dentin shade resin composite (3M
ESPE, St. Paul, Minn., USA). Refractive index liquid (n=1.50+
0.0002) (Cargille, Cedar Grove, New Jersey, USA) was placed be-
tween the resin specimen and the background so that an optical
connection was achieved [4, 19]. Illuminating and viewing con-
figuration was CIE diffuse/8° geometry. Measurements were re-
peated five times for each specimen.

Color differences (AE",,) were calculated by the equation
AE*a,,z[(AL*)Z+(Aa*)2+(Ab*)2]”2. Changes in color, three-color
coordinates, and chroma using the equation C'=[(CIE d")*+
(CIE b*)z]l;2 were compared after 1- and 2-week bleaching.

Surface roughness measurement
Surface roughness (Ra) was measured with a Surtronic 3P surface

profilometer (Taylor-Hobson, Leicester, England). For each spec-
imen, five measurements were made, with cutoff value of 0.8 mm

Code Brand name Shade Batch number Manufacturer

FS Filtek Supreme A2E 3AK 3 M ESPE, St. Paul, Minn., USA
B2E 3AE

PT Point 4 A2 207473 SDS/Kerr, Orange, Calif., USA
B2 305110

SP Spectrum TPH A2 0202000916 Dentsply/Caulk, Milford, Delaware, USA
B2 0202001299

Table 2 Bleaching systems used in this study

Type Code  Brand name Ingredient Batch number =~ Manufacturer

Film NE Night Effects 19% sodium percarbonate  31195614] Procter & Gamble, Cincinnati, Ohio, USA
type SW Simply White Night 18% carbamide peroxide = 3097AM Colgate, New York, New York, USA
Strip WP Whitestrips Professional ~ 6.5% hydrogen peroxide  3155BT2 Procter & Gamble, Cincinnati, Ohio, USA
type CL Claren 3% hydrogen peroxide A29A1 LG, Seoul, Korea
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and measuring length of 3 mm. Prior to measuring, the profilometer
was calibrated against a reference block (Ra=6.07 um). The mea-
surements were made before and after the bleaching procedures.

Statistical analysis

Differences in color change and Ra values caused by the whitening
systems were analyzed by analysis of variance and Scheffe’s
multiple range test with SPSS version 11.0 software (SPSS,
Chicago, Ill., USA) (P=0.01). Differences in Ra values before and
after bleaching were compared with r-test (P=0.01).

Results

Changes in color (AE" ;) after 2-week application of the
tooth-whitening systems are given in Table 3. Since the
changes in three-color coordinates (CIE L', a", and b")
and chroma were small, the data are not presented as a
table. In FS composite, there was no remarkable differ-
ence in the changes of color and color coordinates in
composites. AE ", values after 1-week application were
0.64-1.27, and those after 2 weeks were 1.28—-1.67. In PT,
AE",, values after 1-week application were 0.29-1.09,
and those after 2-weeks were 0.90-1.55. In SP, AE",,
values after 1-week application were 0.33—1.02, and those
after 2 weeks were 1.04-1.42. Though there were some
significant differences in the changes of color and color
coordinates from the tooth-whitening systems, these val-
ues were very small (AE",, <1.67).

Ra values before and after 2-week application are
shown in Fig. 1 for FS composites, in Fig. 2 for PT, and in
Fig. 3 for SP. The values before treatment were 0.12—
0.27 um for FS composite, 0.17-0.23 pm for PT, and
0.15-0.24 pum for SP. In FS B2, the Ra values increased
significantly when SW and WP were applied (P<0.01). In
PT A2, Ra values increased significantly after application
of SW, and in PT B2, the Ra value increased significantly
after application of WP (P<0.01). In other cases, there
were no significant changes in Ra values after application

Table 3 Mean changes of color (AE * ) after 2-weeks application.
Standard deviations are in parentheses. AVG average value of five
groups, DG different groups by bleaching method, NS no signifi-
cantly different groups, Ctr control, < significantly different group
marker (Scheffe’s multiple range test, P<0.01)

SH TX FS PT SP

A2 NE (Gr 1) 128 (0.15) 128 (0.14) 1.12 (0.11)
SW (Gr2) 1.38(0.23) 0.99 (0.06) 1.04 (0.19)
WP (Gr3) 1.33(0.08) 0.0 (0.08) 1.22 (0.05)
CL (Gr4) 1.67(0.23) 1.08(0.07) 130 (0.07)
Ctr (Gr5)  1.28 (0.08) 1.48 (0.18)  1.47 (0.22)
AVG 1.39(022)  1.15(0.24)  1.23 (0.20)
DG* 5.1.3<4 3.2<5 2<5

B2 NE (Gr 1)  1.58 (0.14)  1.55 (0.08)  1.42 (0.12)
SW (Gr2) 1.60 (0.11) 1.35(0.06) 1.41 (0.18)
WP (Gr3) 1.62(0.11) 1.32(0.17) 1.34 (0.15)
CL (Gr4) 149 (0.16) 1.45(0.20) 137 (0.14)
Ctr (Gr5)  1.45(0.17)  1.65 (0.22)  1.40 (0.09)
AVG 155 (0.15)  1.46 (0.19)  1.39 (0.14)
DG NS 3.2<5 NS
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of bleaching agents (P>0.01). All the Ra values after
polishing were less than 0.30 um.

Discussion

Whitening of tooth is expected when a tooth-whitening
agent is applied on teeth. Which kind of effect is expected
after application to restorative materials? Since the com-
position and accordingly the characteristics of tooth and
esthetic restorative materials are obviously different, it is
very hard to get the same outcome from two different
substances. Therefore, the best result would be no dif-
ference from the surface properties of restorative mate-
rials.

After the application of tooth-whitening agents, whiten-
ing of tooth results from oxidation of organic substances
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by free radicals [2]. In case of dental resin composites,
whitening agents may have an influence on resin matrix,
filler, or both. However, fillers are basically glass or ce-
ramic, and therefore the influence of hydrogen peroxide on
fillers would be very small. Instead, the resin matrix may
be chemically degraded by the concentrated or repeated
application of hydrogen peroxide. If this agent were to
degrade the coupling system of resin composite, the stain-
ing accumulation would change. In strip and film type
whitening agents, since the application protocols were
changed from those of previous whitening agents, the in-
fluence on resin composites were expected to differ from
that of previous agents.

In the present study, the revised version of a strip type
bleaching agent (WP) was applied, with a higher con-
centration of hydrogen peroxide (6.5%) than its prede-
cessor (5.3%). Clinically, WP provided 96% more tooth
whitening efficacy than a carbamide peroxide tray system
and 52% more tooth whitening efficacy than the 5.3%
hydrogen peroxide strip [18]. Another brand of 6.5%
hydrogen peroxide strip was reported to be effective and
safe [12]. However, there was no perceptible change in
color of resin composites (AE ,,=0.90-1.67) after 2-week
application.

This clinical trial was conducted to evaluate color
improvement following bleaching for 2 weeks with a strip
type tooth-whitening agent containing 5.3% hydrogen
peroxide. As a result, the whitening strip group experi—
enced a significant reduction in yellowness of -2.0 CIE b
units vs baseline and —1.95 CIE b” units vs controls [8]. In
the present study, the average change in CIE L™ value of
all composites after apphcatlon of WP for 2 weeks was
0.53, that of the CIE a value was 0.93, and that of the
CIE b" value was 0.44. Therefore, the influence of WP on
the changes in color coordinates of resin composites was
small compared with those of teeth.

Comparison of the whitening effectiveness on teeth of
two vital bleaching systems of strip and gel was con-
ducted. Between two groups, strip type showed a statis-
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tically significant or directionally favorable whitening
response [10]. However, in the present study, the chang-
es in CIE L of all combinations of composites and
whitening systems after 2-week application were from
—0.26 to 1.00, in CIE a" from 0.79 to 1.27, and in CIE b*

from —0.13 to 1.08. The range of color change varied
according to the composite and whitening system; how-
ever, the ranges of color change after 2-week application
were 1.28-1.67 in FS, 0.90-1.55 in PT, and 1.04-1.42 in
SP, regardless of shade and whitening system. Therefore,
though the changes in color were measured with a spec-
trophotometer, these values are not perceptible in clinical
conditions (AE";, <3.3) [1]. Color change (AE" ;) of resin
composite after in-office bleaching with 30% hydrogen
peroxide was >3 in some composites [15]. However, the
home bleaching systems used in the present study showed
no perceptible color change in resin composites.

The clinical efficacy of film type tooth-whitening
agents was evaluated; these agents showed significant
reductions in tooth yellowness and 51gn1ficant increases in
tooth brightness. NE gave Ab" (change in CIE b" value
before and after bleaching) of -1.53 and AL" of 1.28, and
SW gave Ab" of -0.46 and AL of 0.78. It was concluded
that NE provided whitening superior to that of SW [3]. In
the present study, the mean value of Ab" after 2-week
application was 0.72 and that of AL" was 0.10 for NE. For
SW, that of Ab™ was 0.67 and that of AL~ was 0.10.
Therefore, it could be concluded that there was no sig-
nificant difference in color change in resin composites
between the two agents. Clinical study demonstrated a
highly significant, more than six times better whitening
benefit from WP than from SW; the mean value for WP in
Ab" was 2.57 and in AL" was 2. 13 [6]. In the present
study, the mean value for WP of Ab” in resin composnes
was 0.44, and that of AL was 0.53. For SW, that of Ab"
was 0.67 and that of AL" was 0.10.

The effects of office bleaching agents on the surface
finish of resin composite have been evaluated. No sig-
nificant changes in surface roughness after bleaching
were observed [22]. In office bleaching, the concentration
of hydrogen peroxide is 35% and the duration of appli-
cation is short (three times 30 min, with 1-week inter-
vals). Although the home bleaching agents used in the
present study have low concentrations of hydrogen per-
oxide (3.0-6.5%), their durations of application are longer
than with office bleaching systems. Therefore, the ques-
tion of their potential effects on the surface change of
resin composite was raised. In the present study, some
cases revealed significantly increased Ra values (FS B2-
SW, ARa=0.14 um; FS B2-WP, ARa=0.17 um; PT A2-
SW, ARa=0.07 um; PT B2-WP, ARa=0.09 um). There
was no clear difference in changes of Ra values by the
type of resin composite, whether microfilled and micro-
hybrid.

The Ra values after polishing of esthetic restorative
materials varied, depending on the clinical polishing sys-
tem, and ranged from 0.22 pum to 1.35 um [24]. Those of
resin composite after polishing were 0.10-0.15 um, 0.24—
0.34 pum, and 0.06-0.10 um, respectively, according to the
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polishing system [13]. These values of packable resin
composites after polishing with commercial polishing
systems were determined. Before polishing (Mylar strip),
Ra was in the range of 0.04-0.22 um, and that after
polishing was 0.20-1.70 um [17]. Therefore, Ra values
after application of tooth-whitening systems of the present
study (0.13-0.30 um) were within the clinically accept-
able range. From them, it could be concluded that the
change in surface roughness was clinically insignificant.

In the present study, specimens were polished with
1500-grit silicon carbide paper. This procedure made the
surface roughness of specimens similar to that in clinical,
highly polished conditions. Although the primary particle
sizes of FS composites were small, they were aggregated
or agglomerated. Therefore, it might be assumed that the
size of aggregated particles was similar to that of hybrid
resin composites from the fact that the Ra values of PT
and SP were similar to that of FS.

In film type whitening agents, the amount differs ac-
cording to the application method. In the present study,
although the film thickness (amount of whitening gel)
might have varied with film and composite, uniformly
thin films were formed on the surface of composites.
Direct measurement of film thickness was impossible.
Bleaching procedures simulated clinical application meth-
ods as closely as possible. Therefore, the methodology of
the present study might have clinical relevance, though
the influence of saliva was not simulated.

Conclusions

The available results indicate that color change after
bleaching with strip and film type tooth-whitening agents
was not clinically perceptible (AE";,=0.90-1.67). The
Ra value after bleaching was less than 0.3 um, which
was within the value after clinical polishing procedures.
Therefore, changes in color and surface roughness of resin
composites were clinically insignificant. Also, there was
no difference in the change of color and surface roughness
according to the type of resin composite, whether nano-
filled or microhybrid.

References

1. Craig RG, Powers JM (2002) Restorative dental materials.
Eleventh edn. Mosby, St. Louis

2. Dahl JE, Pallesen U (2003) Tooth bleaching—a critical review
of the biological aspects. Crit Rev Oral Biol Med 14:292-304

3. Date RF, Barlow AP, Brennan K, Desai AP (2003) Clinical
comparison of two self-directed bleaching systems. J Dent Res
82:B-125

4. Eldiwany M, Friedl KH, Powers JM (1995) Color stability of
light-cured and post-cured composites. Am J Dent 8:179-181

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.
22.

23.

24.

25.

. Gerlach RW, Barker ML (2003) Clinical response of three di-

rect-to-consumer whitening products: strips, paint-on gel, and
dentifrice. Compend Contin Educ Dent 24:458, 461-464, 466

. Gerlach RW, Barker ML, Zhou X, Sagel PA, McClanahan SF

(2003) Comparative effectiveness of two self-directed whiten-
ing systems: outcomes from three randomized clinical trials.
J Dent Res 82:B-125

. Gerlach RW, Gibb RD, Sagel PA (2000) A randomized clinical

trial comparing a novel 5.3% hydrogen peroxide whitening
strip to 10%, 15%, and 20% carbamide peroxide tray-based
bleaching systems. Compend Contin Educ Dent 29:522-S28

. Gerlach RW, Gibb RD, Sagel PA (2002) Initial color change

and color retention with a hydrogen peroxide bleaching strip.
Am J Dent 15:3-7

. Gerlach RW, Zhou X, McClanahan SF (2002) Comparative

response of whitening strips to a low peroxide and potassium
nitrate bleaching gel. Am J Dent 15:19A-23A

. Karpinia KA, Magnusson I, Sagel PA, Zhou X, Gerlach RW

(2002) Vital bleaching with two at-home professional systems.
Am J Dent 15:13A-18A

Kugel G, Kastali S (2000) Tooth-whitening efficacy and safety:
a randomized and controlled clinical trial. Compend Contin
Educ Dent 29:S16-S21

LiY, Lee SS, Cartwright SL, Wilson AC (2003) Comparison of
clinical efficacy and safety of three professional at-home tooth
whitening systems. Compend Contin Educ Dent 24:357-360
Lu H, Roeder LB, Powers JM (2003) Effect of polishing sys-
tems on the surface roughness of microhybrid composites.
J Esthet Restor Dent 15:297-304

Monaghan P, Lim E, Lautenschlager E (1992) Effects of home
bleaching preparations on composite resin color. J Prosthet
Dent 68:575-578

Monaghan P, Trowbridge T, Lautenschlager E (1992) Com-
posite resin color change after vital tooth bleaching. J Prosthet
Dent 67:778-781

. Oltu U, Gurgan S (2000) Effects of three concentrations of

carbamide peroxide on the structure of enamel. J Oral Rehabil
27:332-340

Roeder LB, Tate WH, Powers JM (2000) Effect of finishing
and polishing procedures on the surface roughness of packable
composites. Oper Dent 25:534-543

Sagel PA, Jeffers ME, Gibb RD, Gerlach RW (2002) Overview
of a professional tooth-whitening system containing 6.5% hy-
drogen peroxide whitening strips. Compend Contin Educ Dent
23:9-15

Seghi RR, Hewlett ER, Kim J (1989) Visual and instrumental
colorimetric assessments of small color differences on trans-
lucent dental porcelain. J Dent Res 68:1760-1764

Turker SB, Biskin T (2003) Effect of three bleaching agents on
the surface properties of three different esthetic restorative
materials. J Prosthet Dent 89:466—473

Ure D, Harris J (2003) Nanotechnology in dentistry: reduction
to practice. Dent Update 30:10-15

Wattanapayungkul P, Yap AU (2003) Effects of in-office
bleaching products on surface finish of tooth-colored restora-
tions. Oper Dent 28:15-19

White DJ, Kozak KM, Zoladz JR, Duschner HJ, Gotz H (2000)
Effects of tooth-whitening gels on enamel and dentin ultra-
structure—a confocal laser scanning microscopy pilot study.
Compend Contin Educ Dent 29:S29-S34

Yap AU, Sau CW, Lye KW (1998) Effects of finishing/pol-
ishing time on surface characteristics of tooth-colored restora-
tives. J Oral Rehabil 25:456-461

Yarborough DK (1991) The safety and efficacy of tooth
bleaching: a review of the literature 1988-1990. Compend
Contin Educ Dent 12:191-196



Copyright of Clinical Oral Investigations is the property of Kluwer Academic Publishing
f Academic and its content may not be copied or emailed to multiple sites or posted to
a listserv without the copyright holder's express written permission. However, users
may print, download, or email articles for individual use.



