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SUMMARY The purpose of this study was to determine if a colour difference exists between
teeth that had orthodontic appliances bonded to and debonded from them and untreated
controls subjected to whitening with 10 per cent carbamide peroxide. The sample consisted
of 20 pairs of first and second premolars extracted for orthodontic reasons. The contralateral
surfaces were divided into an experimental and control group. The experimental group
underwent orthodontic bonding/debonding procedures. Both groups were subjected to
4 hour whitening and 20 hour hydration sessions for 30 days. The L*a*b* colour system was
chosen to evaluate any colour change and these changes were calculated by determining
the AE from the L*a*b* values using a colorimeter. Colour change readings were taken
before and after each 4 hour whitening. Additional readings were taken at 48 hour intervals
for 30 days following the cessation of active whitening. The results were analysed using
statistical (ANOVA) and graphical analyses (a = 0.05). A colour change difference of 2 CIELAB
units was set as being clinically significant.

A mean clinical colour difference was found for enamel surfaces subjected to orthodontic
bonding/debonding of attachments relative to control sites after whitening. Bonding and
debonding procedures resulted in a significant colour difference between orthodontic
bonded and control sites at the end of the active period, which became insignificant at the
end of the 30 day period of monitoring. Both the control and debonded sites responded to
whitening; however, the control sites responded initially to a greater extent; the orthodontic
debonded sites did not respond until after 2 weeks of continuous whitening. After the 2 week
period the improved response of the debonded sites decreased the colour difference between
the two groups.

Introduction movement of bleaching/whitening agents. In

addition excess resin is removed by a mechanical

Vital tooth whitening is a safe and well-accepted
procedure for the treatment of surface and
intrinsic staining of teeth (Matis et al., 1998).
After the removal of orthodontic appliances a
residual amount of adhesive usually remains on
the surface (Kinch et al., 1989). Since resin tags
extend a distance in the order of 30-50 pm into
the enamel, some may be left intact even though
a layer of enamel is removed (Zachrisson and
Artun, 1979) and this could obstruct the natural

process, which can result in varying amounts of
enamel being removed (Van Waes et al., 1997)
affecting the reflectance of light.

Despite the relatively extensive evidence
available on decalcification, the incidence of
enamel colour changes associated with ortho-
dontic bonding has not been investigated. A recent
study showed that enamel colour variables were
affected by enamel bonding and debonding
procedures (Eliades e al., 2001). Enamel colour
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alterations may derive from the irreversible
penetration of resin tags into the enamel
structure at depths reaching 50 pm (Silverstone
et al., 1975). Since resin impregnation in
the enamel structure cannot be reversed by
debonding and cleaning procedures (Sandisson,
1981), enamel discolouration may occur by
direct absorption of food colourants and products
arising from the corrosion of the orthodontic
appliance (Maijer and Smith, 1982).

The hypothesis tested in this research was that
whitening may induce a clinically measurable
colour difference in teeth subjected to orthodontic
bonding and debonding procedures relative to
untreated controls. Therefore the purpose of
this study was to investigate the colorimetric
parameters of enamel surfaces subjected to
whitening with 10 per cent carbamide peroxide
in untreated and orthodontically bonded/
debonded teeth.

Materials and methods

The buccal surfaces of 16 pairs of first and
second premolars extracted for orthodontic
reasons were used for the study. Four pairs with
lingual surfaces sufficiently large for testing
when extracted were also included. Thus, a total
of 40 enamel surfaces were included in the study.
The teeth were prepared by first cleaning with a
scaler and then polishing with fine pumice slurry
(Hereus Kulzer, South Bend, IN, USA) using
a slow handpiece equipped with a disposable
prophylaxis head (Dentsply, York, PA, USA)
because the manufacturer of the whitening system
(Rembrandt Bleaching Gel, Den Mat, Santa
Maria, CA, USA) recommends cleaning prior
to bleaching. A positioning appliance and
whitening tray were fabricated for each tooth
using an indirect method. Each embedded crown
surface was divided into equal halves using
callipers and the midpoint of each tooth was
calculated. Guide holes were drilled into the test
surface midpoint at approximately the same
angle for each pair. This facilitated the construction
of a positioning appliance and a whitening tray
for each tooth to allow repeatable measurements
of the same test area. It also held the test surface
at the same angle to the measuring head of
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the calorimeter during each measurement. A
colorimeter (Minolta CR-321, Japan) was used
to record colour variables L*, a*, b* according to
the CIE Lab (Commission Internationale de
I’ Eclairage, L*, a*, b*) system. The CIE colour
L* parameter corresponds to the value or degree
of lightness in the Munsell system, whereas the
a*, and b* co-ordinates designate positions on
red/green (+a* = red, —a* = green) and yellow/
blue (+b* = yellow, —b* = blue) axes. The source
light was provided by a pulsed xenon arc lamp
to provide profuse even lighting over a 3 mm
measuring area. The illuminate condition was
set to D65 for testing, which best represents
average daylight, including the ultraviolet region.
Specimens were illuminated at an angle of
45 degrees to the surface permitting analysis of
the light reflected perpendicular to the enamel
surface. Each experimental specimen was placed
into its positioning appliance and a commonly
used bracket (MiniDiamond, ‘A’ Company/
Ormco, Glendora, CA, USA) was bonded to the
test surface area using a light-cured adhesive
(Transbond XT, 3M/Unitek, Monrovia, CA,
USA) exposed to a curing light (Ortholux XT,
3M/Unitek) according to the manufacturer’s
instructions. After a 24 hour storage period the
brackets were debonded and the residual resin
was removed with a 30-fluted bur (Brasseler
246LUF, CA, USA), using a light unilateral
brush-stroke technique (Zachrisson and Artun,
1979) followed by a 30 second fine pumice
polish.

A 10 per cent carbamide peroxide solution
was used as the whitening agent. The maximum
whitening regime was chosen to cover all degrees
of staining; 4 hours per day for 30 days. To
control the effects of temperature and lighting,
the samples were stored and whitened in black
containers placed in a water bath of 37°C for the
duration of the project. A pilot study had shown
that a hydration period of at least 16 hours was
needed to restore the colour variables of a
dehydrated surface to the wet condition. Thus,
for the purpose of this study, the surfaces were
hydrated for 20 hours after whitening and a
10 second period was allowed for the specimen
to be loaded into the positioning appliance
and positioned on the measuring head. All
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40 surfaces were whitened for 4 hours per day
over a 30 day period. Measurements were taken
before and immediately after each session
for the duration of whitening on wet enamel
specimens. Following completion of whitening
sessions, measurements were recorded every
48 hours, starting at day 31 and ending on day 61.
Measurements were taken until colour para-
meters of all teeth were shown to be steady in the
last two 48 hour intervals. Colour parameters
were averaged for each group and colour differ-
ences AE were calculated using the following
equation (CIE, 1978):

AE = [(AL*)? + (Da*)? + (Bb*)2]",

which becomes more accurate with increasing
AE (Seghi et al., 1989).

The results were analysed using graphical data
and ANOVA statistical analysis at a = 0.05 level
of significance. The clinical colour difference
level was set at 2 CIELab units.

Results

Figure 1 shows that differences can be identified
between orthodontically treated and untreated
enamel surfaces initially. For the majority of days
during the active whitening period, a significant
colour difference was present. However, for the
30 day monitoring period following discon-
tinuation of active whitening, the clinical colour
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Figure1 Variation of AE of the groups included in the
study during the active whitening and the 30 day monitoring
period.
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difference was not clinically significant with the
exception of two days, since the lower 95 per cent
confidence interval was below 2 CIELab units.

Discussion

Generally, AE values less than 1 unit are
considered as a colour match since they cannot
be identified by independent observers (Seghi
et al., 1989). It has been suggested that
differences exceeding 2 units may indicate colour
change (Wozniak, 1987), but some studies set the
proposed acceptance limit for colour matching
to 3.7 units, beyond which the differences are
clinically visible (Johnston and Kao, 1989).
Establishing low threshold values (CIELab
units) contributes to increasing the sensitivity
and soundness of the method, since the prob-
ability of missing clinically visible differences
decreases.

Based on the fluctuation of the clinically-
detectable colour difference derived from the
threshold of 2 CIELab units, the specimen pairs
included in the study could be separated into
four groups. A number of pairs started with no
difference at day 1 and remained this way at
the end of testing. Pairs belonging to another
group also started with no colour difference but
developed a colour change at the end of testing.
A third group consisted of pairs where there
was a variation at the beginning but no clinical
difference at the end. Lastly, in another group of
teeth, the pairs started with a colour difference
and also ended with a colour difference. These
variations may reflect intrinsic variables of
enamel structure related to the years of service
intraorally or other unidentified parameters.

The results of this investigation show that
a mean clinical difference between the test
groups existed on the last day of testing (active
whitening period). The mean colour difference
was found to be above 2 CIELab units, but the
significance of this difference was not determined
since the lower confidence interval was slightly
below 2 CIELab. An interesting finding was
identified in individual AE graphs (not shown),
where nine of the 20 pairs had colour differences
that ranged between 2 and 8 CIELab units at
the end of the active whitening period. Two
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of the pairs (6 and 20) continued to present
unusually large colour differences at day 61,
which represents the end of the monitoring period.
There are three possible variables in the
debonding procedure, which may be responsible
for the differences seen on the experimental
surfaces. The saturation of enamel by resin tags
and the amount of residual adhesive may vary
substantially for each test surface. This could
lead to different degrees of colour reflectance
as a result of the implication of the resin colour
and the material left on the tooth surface.
The debonding procedure may also alter the
morphology of the enamel as reported by
previous studies (Zachrisson and Arthun 1979;
Kinch et al., 1989). Changes in the morphological
condition can affect the degree of light reflected
from the test surface and analysed by the
colorimeter. In addition, the amount of enamel
lost by the debonding procedure (Van Waes
et al., 1997) could be different for each surface
resulting in colour difference not only between
the individual experimental surfaces but also
between the experimental and control surfaces.
The post whitening daily colour change
graph shows that both test groups responded
differently at each consecutive day following
day 1 (Figure 1). The control group maintained
its higher initial level of response through day 2
to day 12, but after this period the experimental
group responded more rigorously, resulting in
the difference between the two groups becoming
smaller. For the daily colour changes recorded,
the control group showed a significant clinical
difference by day 2, while this did not occur until
day 4 for the experimental group. The daily
colour change response remained higher for the
control group up to day 12, but shortly after this
the experimental group had similar changes.
These value separations indicate that the control
and experimental surfaces responded differently
to whitening. The lack of initial response by the
experimental group supports the assumption
of resin tags affecting the penetration of the
whitening agent, or delaying the penetration into
the enamel rod. Once a path of penetration is
established, the ability of the whitening agent to
remove stain from the enamel improves. This
delayed response is reflected in the finding
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that no significant colour change was present
between the treated and untreated groups at the
end of the 30 day monitoring period.

The clinical relevance of the finding pertains to
the potential need for modification of bleaching
protocols on teeth previously subjected to
orthodontic bonding and debonding. It must be
noted, however, that in vitro tests may not reflect
the clinical situation reliably and thus random-
ized clinical trials are necessary to further verify
the findings of this study in vivo.
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