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COLOR CHANGES ASSOCIATED WITH PROSEAL
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ABSTRACT:

This in-vitro study was conducted to evaluate enamel
color changes associated with the use of a highly-filled, fluoride-
releasing enamel sealant (Proseal). A sample of 60 freshly
extracted premolar teeth were collected according to clear selection
criteria. The teeth were randomly divided into a control and three
experimental groups.

Brackets were bonded to the teeth using Transbond XT
composite paste in only two of the experimental groups after
conditioning the whole buccal surface with 37% phosphoric acid
for 15 seconds. In Group I, Transbond XT primer was applied to
the etched enamel surface while Proseal enamel sealant was
applied in Group II. In Group III, Proseal enamel sealant was
applied to the etched enamel surface with no bracket bonding. The
samples were then subjected to a staining and photo aging protocol
in an attempt to simulate the oral environment. In groups I and
II, brackets were debonded and then the enamel surface was
finished and polished using a 12-fluted carbide burs on low speed
followed by rubber cup and polishing paste. Samples in Group I11
and the control group received only enamel polishing. Enamel color
was spectrophotometrically evaluated at three intervals; at
baseline (10), following debonding and finishing (11), and after
resubjecting the samples to the same staining and photo aging
protocol (13). CIE L*, a*, b* order system was used for color
quantification and color differences (AE) were calculated.
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Significant color change was found between baseline and (11)
measurements in all experimental groups. The highest mean
of color change was reported in Group III. However the
differences in color changes between Group I and Group I were
non-significant, yet Group I1I exhibited a significant color change
in regards to Groups I and II. All experimental groups showed
clinically perceivable color change, as all values were exceeding the
clinical color detection threshold of AE=3.7 units. The same
findings were reported for colorimetric differences calculated at
the interval (T0-12).

INTRODUCTION

A smile has been said to be one of the most important interactive
communication skills of a person. Clearly a significant influence on facial
attractiveness lies in possessing an attractive smile . Smile attractiveness
includes a number of important components, of which tooth color

esthetics plays a crucial role ®. Thus, tooth color is considered to be

a major determinant in the visual assessment of a finished orthodontic case .

Despite the many advances to improve the practice of orthodontics,
enamel decalcifications, or white spot lesions, are the most frequent
complication with fixed appliance therapy.

White spot lesions are defined as subsurface enamel porosities from
carious demineralization with a milky white opacity when located on
smooth surfaces ). Changes in light scattering of the decalcified, porous
enamel causes the white appearance. These white spot lesions rarely
progress to significant cavitations and are generally not registered as
caries requiring restorative treatment in the decayed, missing due to
caries, filled teeth (DMFT) index.®

A review of literature in 2005 showed variations ranging from 2% to
97% for the prevalence of white spot lesions associated with orthodontic
treatment . Lack of compliance in maintaining adequate oral hygiene
can predispose orthodontic patients to white spot lesions.®
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Since the formation of white spot lesions is discouraging to a specialty
whose goal is to improve esthetics in the dentofacial region, orthodontists
should be proactive and take responsibility to prevent the development of
such lesions by educating their patients about the importance of maintaining
excellent dietary compliance and implementing a good oral hygiene
regimen. This includes proper tooth brushing with a fluoridated dentifrice
and a fluoride-containing mouth rinse ©),

Unfortunately, these preventive measures depend on patient
compliance. Poor patient compliance is a well-documented problem in
the dental literature. This problem was highlighted by Geiger et al !*'"
who found that only 12% to 13% of patients had excellent compliance in
using a home fluoride rinse program as directed.

Various methods of decreasing demineralization have been
examined that do not require patient compliance. Fluoride varnishes are
an option that allows the orthodontist to control the timing and amount of
fluoride used. However, varnishes usually require several in office
applications(lz). Another method of decreasing demineralization without
patient compliance is through fluoride-releasing bonding systems %,
Caries inhibition has been demonstrated by both fluoride-releasing
composites and glass-ionomer cements, but the bond strengths of these
materials are lower than conventional composite resins and less than ideal
for clinical treatment "* ', Resin-modified glass-ionomer cements
possess desirable fluoride releasing properties and clinically acceptable
bond strengths 16-18) "However, their clinical handling properties are less
than ideal, deterring many practitioners. Accordingly, it could be
conclusively stated that the ideal preventive measure should be
independent of patient oral hygiene habits as well as easy to use
by the clinician.

Sealant use is a promising method of decreasing enamel
decalcification that fits the equation of being patient-independent as well
as easy to use (19 Pplacement of a resin sealant on the enamel surface prior
to orthodontic bracket bonding has been suggested as a means of
providing efficient sealing of the enamel surface against bacteria with
subsequent protection against demineralization. 2"
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The effectiveness of resin sealants to protect the enamel surface has
been previously investigated ***°. Sealant material thickness, duration of
protection, composition of the sealant material, distribution on the surface
and endurance to oral stresses such as abrasion and thermal changes are
imperative factors that affect the success of the sealant material.

As an attempt to overcome those shortcomings, Reliance Orthodontic
Products released an enamel sealant specifically for orthodontic
use. Proseal is a highly filled, light-cured, fluoride sealant. Hu and
Featherstone®® showed significant decreases in enamel demineralization
on teeth treated with Proseal and subjected to simulated mechanical
abrasion. The inclusion of filler particles imparts greater wear resistance
than unfilled resins which is supposed to provide adequate resistance to
mechanical stimuli from routine oral hygiene procedures. Accordingly, this
would provide sustained, efficient and prolonged sealing of the enamel
surface with subsequent protection against demineralization. The
manufacturer also claims a final sealant polymerization of 100% without
an oxygen inhibition layer; this should eliminate any loss of material due to
non-polymerization at the surface "

However, it is ought to be highlighted that sealant use might adversely
affect tooth color. Sealants may change their chemical composition and
appearance tending to discolor over time, usually becoming more yellow .
Moreover, even with complete removal of sealant on the surface during
debonding by a finishing bur or polishing point, resin tags of 80 to 170 um
can remain into enamel ®. Hence, if the entire sealant is not removed after
treatment, staining could continue after treatment, through accumulation of
stains and aging. This would sequentially compromise tooth color which is
considered an important determinant in the visual assessment of a finished
orthodontic case, as well as sacrifice the overall patient satisfaction
to treatment.

This in-vitro study was carried out to test the null hypothesis that the
use of a fluoride-releasing, highly-filled, enamel sealant (Proseal) has no
effect on enamel color.
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MATERIALS AND METHODS
Study design:

This study was an in vitro, experimental, comparative study designed to
evaluate enamel color change associated with the use othighly-filled,
fluoride-releasing enamel sealant (Proseal)” with and without bracket bonding in
comparison to a conventional orthodontic adhesive system (Transbond XT) .

Sample selection and preparation:

In order to calculate an appropriate sample size, the threshold of
clinically detectable color change of AE=3.7°" was used as a mean
difference for comparison between two groups using a t-test. The
standard deviation of color change was set at 3.0°". At 0=0.05 and
a power of 0.80, the sample size estimator” yielded 12 samples. It was
decided to collect 15 samples for each group for a total sample size of 60.

Immediately after extraction, the teeth were cleaned and thoroughly
debrided under running water. Roots were scaled and cleaned of soft tissue
debris using handscaler'and then stored in an aqueous solution of thymol
(0.1%) at room temperature to prevent dehydration 32 A black container was
used for storage so that any possible effects of light are eliminated @3,

At the onset of the study, each tooth was prepared by cutting its root below
the cemento-enamel junction using a diamond disk under water cooling.
Transparent auto polymerized acrylic resin’™ was mixed according to the
manufacturer's instructions. Each tooth crown was then positioned in the center
of a custom-made, cylindrical metal ring containing unset acrylic resin with the
buccal surface uppermost and completely exposed to facilitate examination of
the enamel surface, while the lingual surface and the apical area were
completely covered with acrylic resin. The inner surface of the ring was lightly
smeared with petroleum jellywto facilitate easy detachment of the acrylic
moulds. The acrylic resin was allowed to set before removal of the metal rings.

Proseal, Reliance Orthodontic Products, Itasca, Illinois.
* Transbond TM XT, Light cure orthodontic adhesives.REF 712-035.3M UNITEK.
California, USA.
http://www.statstodo.com/SSiz2Means_Pgm.php#Single calculation.
T Scaler H5/33 Hygienist / JaquetteErgoLight Steel Alloy.
Tt Meliodent,HerauseKulzer, Hanau, Germany.

stk
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An impression of each specimen was made using a plastic round
mould filled with heavy bodied polyvinyl siloxane'™". After setting,
a small square-shaped window (4mmx4mm) was cleanly cut using a
surgical scalpel and blade no.117""" in the negative replica corresponding
to the center of the buccal surface. This was of prime importance to
standardize the area of enamel surface analyzed by the spectrophotometer.
The mould replica was then painted by water proof black color.

The Spectrophotometer

A digital spectrophotometer]“t was used in study. It measures the
traditional shades (VITA Classic and Vita 3D Master), in addition to the
CIE L*a*b* system (Figure 1).

\\TAEQSYShade Adya,,
49

Fig. 1: VITA Easy shade spectrophotometer for tooth shade evaluation.

Al Speedex, Coltene/Whaledent AG, Switzerland.

111" Swan-Morton Ltd, England.

¥ VITA Easy shade Spectrophotometer Model# DEAYSAS, stvseriennumen, CBU,
H013015,Germany.
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Color measurement:

Color measurements were made according to the (Commission
Internationale de 1’Eclairage) CIE L*a*b* order systems where:

L* corresponds to the value or degree of lightness.
a* coordinates designate position on red/green axis.
b* coordinates designate position on yellow/blue axis.

The spectrophotometer was calibrated to a white ceramic tile supplied
by the manufacturer before color measurements of each sample. A base line
color assessment Towas done for all teeth. Prior to color measurement, all
teeth were cleaned with a rubber cup'at low speed (25,000 rpm) with a
mixture of oil-free non-fluoridated pumice’ and water for 30 seconds and
then thoroughly rinsed with running water. The black rubber covering was
placed to cover each sample exposing only a standardized widow for color
measurement. The measurements were taken by a single operator according
to the manufacturer's instructions. The steel probe of the spectrophotometer
was placed perpendicular and flushed with the tooth surface to be analyzed.
All enamel color recordings were made on wet enamel surfaces as advised
by the manufacturer.

Grouping:
The samples were randomly assigned into 4 groups of 15 teeth each.
Group I (Conventional Bonding-Transbond XT Group)

The entire buccal surface of each tooth was etched using 37%
phosphoric acid®® gelfor 15 seconds, rinsed under running water and then
dried using oil-free and moisture-free compressed air for 10 seconds. The
samples were then inspected for the characteristic dull-white frosted
appearance of adequately etched enamel. A single coat of primer
TransbondXT was applied in a thin uniform layer on the etched enamel
surface, thinned with a gentle stream of oil-free and moisture-free

* Shinhung, Seoul, Korea.
§ Dentsply, Milford, Del.
§§Phosphoric Acid Etching Gel, 37% conc. 3M EPSEAG, Germany.
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compressed air then light cured for 20 seconds. The black rubber cover
was placed before bracket bonding to control bracket positioning.
Standard edgewise premolar brackets® were then bonded tithe teeth in the
center of the prepared window in the rubber cover using light cure
composite resin (Transbond XT) .This corresponds to the center of the
buccal surface of the tooth. Excess composite was removed from around
each bracket base with a sharp dental scaler and then light cured for 20
seconds (10 seconds from the mesial and 10 seconds from distal aspects
of each bracket).

Group II (Proseal group)

The teeth were etched using the same etching technique employed
for Group I.A single coat of Proseal (Figure 2) was applied according to
the manufacturer's instruction in a thin layer on the entire buccal surface
using a brush, thinned with a gentle stream of oil-free and moisture-free
compressed air then light cured with a conventional halogen light curing
unit™® for 20 seconds. Brackets were bonded following the same protocol
for Group L.

Fig. 2: Proseal supplied in a dark light-resistant container.

#Leone S.p.A. Sesto Fiorentino - Firenze, Italy.
§§§Elipar™ 2500 Halogen Curing Light 3M ESPE, Germany.
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Group III ('Proseal only' -without adhesive resin and brackets)

The teeth were etched using the same etching protocol used in
Groups I and II. A single coat of Proseal was applied according to the
manufacturer's instructions in a thin uniform layer on the etched enamel
surface using a brush, thinned with a gentle stream of oil-free and
moisture-free compressed air then light cured for 20 seconds. No brackets
were bonded in this group.

Group IV (Control Group)

The control group received only enamel prophylaxis. It was used to
offset the effect of staining and photo aging on virgin enamel and
maintained for comparative evaluation.

Staining procedure:

All specimens were stored in each of the following solutions
consecutively; each for one week ©%.

e The specimens were first stored in 300 ml of coffee solution at room
temperature. Instant coffee” powder (3.6 g) was dissolved in 300 ml of
boiling water as per the manufacturer's recommendation. After 10
minutes of stirring, the solution was filtered through a filter paper.

e Tea” solution was prepared by immersing two prefabricated tea bags
(2x2g) into 300ml of boiling distilled water for 10 minutes.

e 300 ml of Cola ™(carbonated beverage) was used ready from the
market.

After 1 week in each solution, the specimens were gently rinsed with
distilled water for 5 minutes and blotted dry with tissue paper.

The coffee and tea solutions were freshly prepared daily and all
solutions were changed daily to avoid changes in the concentrations of
the solutions 2.

= Nescafe Classic, Nestle.
== Yellow label Tea. Lipton.
=== Pepsi Arabia.
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Photoaging:

All specimens were subjected to accelerated artificial photo aging
with the use of a light-emitting apparatus™ .

This involves the exposure of the specimens to a 24-hour continuous
irradiation of 50,000 kJ/m’. This corresponds to aluminance of
approximately 135,000 Luxat 400 nm at 38°C black body temperature.
This procedure induces aging equivalent to that of exposure to sun
irradiation of 30 days ©> which was deemed adequate because the labial
surfaces of crowns are not exposed to ambient light during ordinary
conditions.

Debonding:

All brackets in (Groups I and II) were debonded using a bracket
removing plier. The specimens were clamped to a bench top with
a C-clamp while the brackets were debonded.

Clean-up procedures
Groups I and 11

Residual adhesive resin was removed with a 12-fluted tungsten
carbide bur *©® using a light unidirectional brushstroke at low speed
(25,000 rpm) without water cooling. The extent of the overall resin
removal was determined by visual inspection of the dry enamel surfaces
through magnifying loupes under the dental operating light as well as by
constant examination of the surface with a dental explorer. Polishing was
done with rubber cup with pumice slurry with water for 30 seconds " till
a normal luster was restored to the enamel surface. The tooth surface was
examined for any visible adhesive remnants using a magnifying loupe.
Burs were only utilized once per surface.

Following the clean-up procedures, colorimetric measurements were
performed on all groups (T;) employing the same steps and precautions
previously mentioned.

==xTUV 30W T8, Koninklijke Philips Electronics. AuraVF48, Alamria Pharmaceutical
Company, Egypt.
A Orthocare, Bradford, UK.
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Groups III and 1V:

Groups III and IV (control group) received only enamel polishing
(rubber cup and pumice for 30 seconds) before the colorimetric
measurements.

Post-finishing staining and photoaging

Following clean-up, all specimens were subjected to a second cycle
of staining and photo aging according to the previously described
protocol.

Final color measurements (T,) were performed on all groups. Color
differences (AE) between the different intervals were calculated for each
tooth using the following formula ®®: (AE* = [(AL*)* + (Aa*) 2+ (Ab¥) *]">.

STATISTICAL ANALYSIS

The statistical analysis was performed using Statistical Package for
Social Sciences (SPSS version20).

Data obtained for the control and the study groups was expressed as
means and standard deviations. For inter-group comparison, Kruskal-
Wallis test was used. Post hoc comparisons between groups were done
using Mann-Whitney test. Significance value was set at P < 0.05.

RESULTS
1) Comparison of color change (AE) among the study groups

i) Comparison of color change (AE) from (T0) to (T1) among the study
groups. (Table 1)

There was a statistically significant difference in the color change
from (TO) to (T1) between the control group and each of the experimental
groups. The color difference was significantly higher for Group III
('Proseal only' AE=9.76) than the other two experimental groups (Group I
AE =4.93 and Group Il AE=5.04). However, the color change between
the two experimental groups (Groups I and II) was not statistically
significant.
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Table (1): Comparison of color change (AE) from TO to T1 among the study groups.

AE T0-T1 GroupI | GroupIl | GroupIIl | Group IV F P
Mean 4.93 5.04 9.76 2.74
+ SD. 2.19 2.61 5.50 1.03 9.55 | 0.007*
P1 0.365 0.006* 0.023*
P2 0.022 * 0.031*
P3 0.001*

ii) Comparison_of color change (AE) from TI1 to T2 among the study
groups. (Table 2)

There was a statistically significant difference in the color change
from (T1) to (T2) between the control group and each of the experimental
groups. The color difference was significantly higher for Group III
('"Proseal only' AE=6.67) than the other two experimental groups
(Group I AE =5.04 and Group II AE=5.50). However, the color change
between the two experimental groups (Groups I and II) was not
statistically significant.

Table (2): Comparison of color change (AE) from T1 to T2 among the study groups.

AET1-T2 Groupl | GroupIl | GroupIll | GrouplIV F )/
Mean 5.04 5.50 6.67 1.80 4101 | 0.012*%
£SD. 2.50 1.79 3.72 0.97

P1 0.064 0.042* 0.014%*

P2 0.045% 0.006*

P3 0.012*

iii) Comparison_of color change (AE ) from (T0) to (T2) among the

study groups. (Table 3)

There was a statistically significant difference in the color change

from (TO) to (T2) between the control group and each of the experimental
groups. The color difference was significantly higher for Group III
('"Proseal only' AE=13.45) than the other two experimental groups

—T
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(Group I AE =7.34 and Group II AE=8.07). However, the color change
between the two experimental groups (Groups I and II) was not
statistically significant.

Table (3): Comparison of color change (AE) from TO to T2 among the study groups.

AE T0-T2 GroupI | Group II | Group IIT | Group IV F P
Mean 7.34 8.07 13.45 3.08 6.77 | 0.0101*
+SD. 2.88 2.92 5.76 0.64
P1 0.368 0.021* 0.001*

P2 0.021* 0.002%*
P3 0.001*

2) Color change in respect to the threshold of clinical detection

Comparing the baseline measurement to the final measurement
(TO-T2), all experimental groups showed a color change that exceeded
the threshold of clinical detection. However, group III (Proseal only)
exhibited a color change (AE=13.45) that was more than three folds the
threshold of clinical detection. Groups I and II showed a color
difference that was almost twice the threshold of clinical detection
(AE=7.34 and AE=8.07) respectively. The control group (AE=3.08)
showed a color change that did not exceed the threshold of clinical
detection.

DISCUSSION

In the present study, the effect of Proseal on the color of enamel was
investigated when used as an orthodontic sealant and when used solely
without orthodontic attachments.

In this study, all experimental groups showed color differences that
exceeded the threshold of clinical detection between baseline TO and T1
(group I AE=4.93, group II AE=5.04, and group III AE =9.76). Similar
results were reported by Zaher et al®® where all experimental groups
showed significant color change between baseline and finishing which
exceeded the threshold for clinical color detection of (AE= 6.26,

—
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AE= 6.68, and AE =5.67). This was attributed to the change in the
refractive index of the enamel caused by the infiltration of the resin tags,
which could modify the diffusely reflected light component, thus
influencing the color parameters. Nonetheless, the difference in values of
AE between the two studies could account for the different methodologies
applied, yet both exceeded the threshold of clinical detection. Diedrich *”
reported that even after enamel finishing with a finishing bur or polishing
point, resin tags can remain 80 to 170 pm into the enamel and thus
altering the refractive index of the region. Eliades et al ®**? further explained
that tooth color alternation was a complex phenomenon that could involve
several mechanisms, such as discoloration of the resin tag itself or staining
by adsorption/ absorption of colorants from exogenous sources.

Although all experimental groups showed color differences that
exceeded the threshold of clinical detection between baseline (T0) and (T1),
Group III ('Proseal only') showed a significantly higher color difference
than Groups I and II for the interval (TO-T1), while there was no
statistically significant color change between Groups I and II. Group III
exhibited a color change which was more than twice the threshold of
clinical detection (AE=9.76) while groups I and II exhibited lower AE
values. (AE=4.93 and AE=5.04 respectively). This can be attributed to the
thorough enamel finishing and polishing procedures that might outweigh
the effect caused by the presence of the remaining resin tags®”); whereas
only enamel polishing was used in the 'Proseal only' group. Hence, it can
be concluded that the adopted enamel cleaning technique could have a greater
influence on post-debonding enamel discoloration than the type of sealant
used. Similar conclusion was reached by Janabin et al " and Ye et al 2.

The former observations could suggest that enamel polishing using
only rubber cup and pumice might not be sufficient to remove the stained
resin tags and could in part account for the highest values of color
change. This can give rise to a proposal to apply Proseal underneath the
brackets as routinely practiced for conventional orthodontic adhesives;
and not on the whole buccal surface as suggested by the manufacturer.
This could facilitate resin tag removal during post-bonding clean-up
procedures since finishing the whole buccal surface with a finishing bur
was not proposed in the literature.
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Moreover, in this study all experimental groups showed an increase in
AE values between (T;) and (T,) that exceeded the threshold of clinical
detection. Group III showed a difference in color change(AE=6.67) that
was 1.8 times the threshold of clinical detection, while groups I and II
showed vales for color change that were 1.5 times the threshold of clinical
detection. (AE=5.04 and AE=5.04 respectively). This interval mimics the
post-debonding behavior of resin remnants in the oral cavity. Trakyali et al®?
reported no significant difference in color change following debonding,
clean-up and photoaging. Hence, it was concluded that color changes of
orthodontic bonding systems induced by photo aging can not be clinically
observed. However, they criticized their findings that enamel discoloration
induced by absorption of colorants from the oral environment was not
investigated; which was executed in the current study. This explains the
reported differences.

Furthermore, despite that there was no statistically significant
difference in color change between Groups I and II for the measured
intervals, Group II showed higher AE values than Group I for all three
studied intervals. This is despite the fact that both groups underwent the
same clean-up procedures. This could suggest that the behavior of the
highly-filled, fluoride releasing enamel sealant might be different from
the conventional primer used in Group I in terms of color change.
A larger sample size may help demonstrate a statistically significant
difference.

Although the color change observed in the control group was below
the critical threshold of clinical detection, yet the increase in values may
be attributed to the storage in distilled water ®* or to the uptake of stains
by enamel components as suggested by Jahanbin et al “D_ Similar color
change in control groups was observed by Zaher et al®> and Jahanbin et al".

According to the findings of this study, Proseal can be used as an
enamel sealant under orthodontic brackets. It displayed similar color
change to a conventional adhesive besides the added benefit of reducing
demineralization reported in other studies. However its sole use would
have a remarkable effect on tooth color which might not be tolerated.

—T
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CONCLUSIONS

Based on the findings of this study:

1- The highly-filled, fluoride-releasing enamel sealant (Proseal) demonstrated

similar color change to the conventional adhesive (Transbond XT) when
the enamel surface was thoroughly finished and polished.

2- Proseal used alone on the enamel surface exhibited a remarkable color

change.
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