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he ever-increasing patient demand for “invisible” orthodontic appliances

has led to major growth in the clear aligner industry.! Not only do align-

ers have a minimal esthetic impact, but they are also an efficacious
means of moving teeth into the positions prescribed during setup.z4

The first worldwide commercial aligner sys-
tem was made by Align Technology using a
single-layer rigid polyurethane. Align’s current
material is SmartTrack,* a thermoplastic poly-
urethane with an integrated elastomer specifically
engineered for the Invisalign* system.’

The recently introduced F22** aligner, de-
signed by researchers at the University of Ferrara,
Italy, is made of a single layer of .7Smm-thick,
chemically inert polyurethane that has several ben-
eficial properties. First, the flexible material main-
tains a constant and light stress relaxation over
time,® despite the significant stress decay that all
aligners experience during a 24-hour period. In
addition, because of the F22’s straight-line gingival
margin along the gingival zenith, the aligner has
demonstrated stronger retention forces (25N).7 Es-
thetically, the F22 is highly transparent due to an
absence of structural defects, allowing as much as
20% more light to pass through than with other
aligners.®

Along with dental alignment, tooth shade is
a major factor in the perception of smile esthetics.’
Whitening is being requested more frequently, es-
pecially by orthodontic patients'?; in one study,
88% of orthodontic patients asked for whitening
during or after their treatment.!"! Krug and Green
found a significantly higher 90% satisfaction rate
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among patients when whitening was included with
orthodontic treatment, compared with orthodontic
treatment alone.?

This trend has prompted several investigators
to assess the efficacy of whitening agents applied
during multibracket appliance treatment.!3-'> Re-
sults have been mixed, however, and no combina-
tion of orthodontic treatment and tooth-whitening
strategy has proved entirely satisfactory.

Although conventional whitening trays in-
corporate reservoirs for the whitening agent, the
close fit of a clear aligner—while essential for con-
trol and predictability during treatment—leaves
little room for a whitening gel. We hypothesized
that a uniform distribution could be achieved by
spraying a liquid whitening agent directly onto the
interior surfaces of the aligner trays. The optimal
composition and concentration of an agent that
could whiten the teeth without causing deteriora-
tion in the microstructure or esthetic qualities of
the aligner material had yet to be determined.
Therefore, the present study was designed to eval-
uate different at-home whitening protocols during
orthodontic clear aligner treatment.

*Registered trademark of Align Technology, Inc., San Jose, CA;
www.aligntech.com.

**Sweden & Martina SpA, Due Carrare, Italy; www.f22aligner.
com.
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Materials and Methods

The efficacy of the whitening spray formula-
tion was tested on a sample of 38 volunteers who
were undergoing orthodontic treatment with F22
aligners at the University of Ferrara Orthodontic
Clinic. An adult over age 18 was included in the
study if he or she had six vital maxillary anterior
teeth, no need for attachments or divots on the labi-
al surfaces of the upper canines or incisors, no direct
or indirect reconstruction of the upper canines or
incisors, no history of dentin hypersensitivity, and
no history of professional bleaching during the pre-
vious three years. Before beginning the treatment,
each participant signed an informed-consent docu-
ment describing the assigned whitening treatment
and its potential adverse effects.

The participants were randomized as follows:
* Group 1 (eight patients): Application of 3%
hydrogen peroxide for nine hours per day on days
7-14 of aligner wear.

e Group 2 (eight patients): Application of 10%
carbamide peroxide for nine hours per day on days
7-14 of aligner wear.

e Group 3 (eight patients): Application of 16%

***Registered trademark of Vita North America, Yorba Linda, CA;
www.vitanorthamerica.com.

VOLUME LIl NUMBER 9

carbamide peroxide for nine hours per day on days
7-14 of aligner wear.
* Group 4 (14 patients): Application of 16% car-
bamide peroxide for nine hours per day on days
1-14 of aligner wear.

According to previous cone-beam computed
tomography analyses, the fit of the F22 aligner
provides less than 40um of space between the tray
and the anterior tooth surface.'® Realistically, the
thickness of the bleaching solution will never ex-
ceed this value. To qualitatively analyze the distri-
bution pattern of a liquid within the aligner, we
randomly selected four patients. A blue-dyed whit-
ening solution was applied using the same stan-
dardized protocol that would be followed during
the efficacy portion of the study. The blue liquid
was sprayed onto the internal labial surface of the
aligner, with one spray at the central incisors and
one spray in each of the canine regions. The upper
aligner was fitted in the patient’s upper arch as it
would normally be worn, and a frontal photograph
was taken to enable visual evaluation of the whit-
ening agent’s distribution pattern between the
aligner and the upper anterior teeth.

On the day the patient was provided with the
appropriate whitening spray (T1), a spectrophoto-
metric analysis was performed using a VITA Easy-
shade V*** compact, which was chosen for its
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proven accuracy and reliability.'”!® Three values were reorganized from highest (B1) to lowest (C4),
were read for each of the six maxillary anterior as recommended by the ADA,"” and each value
teeth—one each at the incisal, middle, and cervical was assigned a numerical equivalent (Table 2).
thirds of the labial surfaces (Table 1). The 16 Comparison of the median shades for each site in
shades of the VITA classical A1-D4*** color scale the upper anterior segment before whitening, using
TABLE 1
MEDIAN COLOR SHADES* BEFORE WHITENING
Group 1 Group 2 Group 3 Group 4**

Upper right canine

Cervical D3 B3 B3 B3

Middle D4 B3 B3 C2

Incisal C1 D4 D4 D4
Upper right lateral incisor

Cervical C2 B3 C1 A3

Middle C2 C2 A2 A2

Incisal Al B2 B2 D2
Upper right central incisor

Cervical A2 D3 A2 C2

Middle A1 A3 B2 B2

Incisal A1 D2 A2 A1
Upper left central incisor

Cervical D2 D3 A2 A2

Middle D2 D2 D2 A1

Incisal Al D2 Al Al
Upper left lateral incisor

Cervical A2 A3 C1 C2

Middle A2 A2 D2 D2

Incisal B2 D2 B2 Al
Upper left canine

Cervical C2 B3 B3 B3

Middle C2 B3 B3 B3

Incisal C1 C2 D3 A3

*VITA classical A1-D4 color scale, registered trademark of Vita North America, Yorba Linda, CA; www.vitanorthamerica.com.
**No significant differences among groups, according to Kruskal-Wallis H test.
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TABLE 2
REORGANIZED COLOR SCALE* WITH NUMERICAL EQUIVALENTS

BT A1 B2 D2 A2 C1 C2 D4

A3 D3

B3 A35 B4 C3 A4 C4

** 2 3 4 5 6 7 8

9 10 1 12 13 14 15 16

*VITA classical A1-D4 color scale, registered trademark of Vita North America, Yorba Linda, CA; www.vitanorthamerica.com.

**1 = highest; 16 = lowest.

the Kruskal-Wallis H test, found no statistically
significant differences among the four patient sam-
ples, making it possible to state that all four groups
belonged to the same population.

At the same appointment, the patient was
instructed to apply the whitening spray as de-
scribed above after dinner and toothbrushing, at
about 10-11 p.m., and to leave the aligner in place
for nine consecutive hours, until about 7-8 a.m.

Each patient returned three days later to be
checked for side effects. Because no gingival in-
flammation or changes in dental sensitivity were
detected in any patients, all participants continued
following the initial instructions. No changes in
the bleaching protocol or prescription of desensi-
tizing agents were required during the study. The
color analysis was repeated at the two-week follow-
up (T2), following the same protocol as before.

A scanning electron microscopet (SEM) was
used to conduct a qualitative analysis of the F22
aligners before and after application of the whit-
ening spray. We tested one unused aligner sample,
one aligner that had been worn for 14 days before
whitening (T1), and one from each of the four whit-
ening groups at T2. A section measuring Smm X
Smm was taken from the median third of the align-
er’s labial surface at the level of the upper right
central incisor. Each sample was gilded, and SEM
images were taken at magnifications 250x, 1,000x,
and 5,000x.

A double-beam spectrophotometer: with an
accuracy of 2nm was used to conduct a quantitative

**Sweden & Martina SpA, Due Carrare, Italy; www.f22aligner.com.
##+Registered trademark of Vita North America, Yorba Linda, CA;
www.vitanorthamerica.com.

fZeiss EVO 40, Carl Zeiss Microscopy, LLC, Thornwood, NY;
WWWw.zeiss.com.

#UV-Vis V-630PC, JASCO, Easton, MD; www.jascoinc.com.
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analysis of the F22 aligners in association with the
whitening spray. Nine randomly selected patients
each provided the last-used upper aligners from T1
and T2. The spectrophotometer was calibrated to
the white-light spectrum; following the protocol
of Lombardo and colleagues, we considered only
wavelengths in the visible 400-700nm spectrum.?
The lingual area of each aligner was first sectioned
from canine to canine to expose only the labial
surface to the spectrophotometer light source. Each
aligner was then positioned on a 35mm-high sup-
port, so that the labial surface of the upper left
central incisor region was vertical and in contact
with the spectrophotometer’s incident light collec-
tion window (Fig. 1). The light transmittance of
each sample was recorded automatically. Each
sample was analyzed three times, after slight mod-
ifications of the aligner inclinations, for a total of
54 transmittance measurements. Readings were

Fig. 1 Sample F22** aligner positioned inside
spectrophotometer.}
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analyzed with Spectra Manager II7{ software,
which plotted a mean curve for each aligner.

For each group, we used the mean as the
measure of central tendency and the relative stan-
dard deviation as the measure of variability. The
analysis of variance F test (p < .05) and Bonferroni
post hoc test (p < .05) were used to identify any
statistically significant differences among the
mean percentage variations in each group. Non-
parametric evaluations were chosen because the
data did not fit a normal distribution.

Fig. 2 Uniform distribution of blue-dyed whitening
agent within aligner.

Fig. 3 Representative patient from Group 1 before (A)
and after (B) combined clear aligner and whitening
treatment.
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A binomial z-test was performed, using the
mean values for each test group, to identify the
at-home whitening protocols that had resulted in
statistically significant improvements in white-
ness (p < .05). The percentage variation from T1
was then calculated for each site, with Bl as the
upper limit of 100%, to better delineate the de-
gree of whitening observed in each group. The
Kolmogorov-Smirnov goodness-of-fit test was
used to determine which variations did not dis-
play significantly different distributions from
normal (p < .05).

Results

In the qualitative analysis of whitening agent
distribution within the F22 aligners, the frontal
photographs indicated uniform distribution of the
blue-dyed whitening sprays across the upper ante-
rior tooth surfaces (Fig. 2).

A total of 144 sites for each of the first three
groups and 252 for the fourth group were evalu-
ated for the efficacy of whitening sprays by com-
paring the values obtained at T1 to those at T2

Fig. 4 Representative patient from Group 4 before (A)
and after (B) combined clear aligner and whitening
treatment.
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TABLE 3
RESULTS AFTER WHITENING
Group 1 Group 2 Group 3 Group 4
(144 sites) (144 sites) (144 sites) (252 sites)

Improved 51.0% 57.0% 60.4% 73.0%
Unchanged 46.3% 43.0% 39.3% 27.0%
Worsened 2.7% 0.0% 0.0% 0.0%

100% -

0% <

80%

70% +

60%

50% | |

]

A0 | 459%

30% < 5] o "

o | | 286% | o75% i

10% 4

0% -
Group 1 Group 2 Group 3 Group 4

Fig. 5 Mean shade variations after whitening treatment (T2), with VITA classical shade B1*** designated as 100%.

(Table 3). Whiteness improved in a majority of
sites in all four treatment groups, ranging from
51% in Group 1 (Fig. 3) to 73% in Group 4 (Fig.
4). Only Group 1 included any sites that worsened
in color after whitening treatment (2.7%). On the
other hand, only Groups 3 (p = .013) and 4 (p <
.0001) showed significantly greater numbers of
whiter sites relative to unchanged sites. Group 4

##+Registered trademark of Vita North America, Yorba Linda, CA;
www.vitanorthamerica.com.
fiTrademark of JASCO, Easton, MD; www.jascoinc.com.
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patients achieved a significantly greater shade
improvement (Fig. 5) than patients in Groups 1
(p=.02),2 (p=.01),0r 3 (p =.01).

In the SEM analysis of F22 aligners after
whitening agent application, the six samples
showed no appreciable microstructural differences
at magnifications 250x%, 1,000x%, or 5,000x%. In ev-
ery case, the filamentous appearance typical of the
aligner material (Fig. 6) was hidden by a continu-
ous layer of organic material, deposited during
normal wear. Crystalline deposits of mineral salts
were evident at higher magnifications (Fig. 7).
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In the spectrophotometric analysis of nine
aligners, the aligners maintained their transparen-
cy after 14 days of using either a hydrogen perox-
ide or carbamide peroxide whitening agent (Table
4). The amount of light passing through the align-
er was greater than 80% at T1 and remained high
at T2, as demonstrated by the mean transmittance

WOD=80mm EHT=2000kv Signal A= SE1

Fig. 6 F22 aligner material before use, as seen under
scanning electron microscopet at magnification
5,000x.

curves for the visible wavelength range of 400-
700nm (Fig. 8).

fZeiss EVO 40, Carl Zeiss Microscopy, LLC, Thornwood, NY;
WWW.zZeiss.com.

TABLE 4
ALIGNER TRANSMITTANCE RANGES*
Patient Before Whitening  After Whitening
1 83.1-87.2% 87.3-91.0%
2 86.5-87.0% 83.1-84.8%
3 90.2-91.7% 83.2-85.0%
4 84.1-87.1% 88.4-89.9%
5 91.8-91.9% 89.7-92.2%
6 81.9-83.2% 87.2-88.0%
7 78.9-81.6% 83.7-86.5%
8 84.4-85.4% 84.3-85.8%
9 79.8-82.2% 84.9-86.8%

*Measured within the 400-700nm visible wavelength range.

Fig. 7 Aligner material at magnifica-
tion 1,000x before application of whit-
| ening agent (A) and in Groups 1 (B), 2
(C), 3 (D), and 4 (E) after 14 days of
wear.
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Fig. 8 A. Mean transmittance curves of nine aligners at T1 (wavelength range 400-700nm). B. Mean transmittance
curves of nine aligners at T2 (wavelength range 400-700nm).

VOLUME LIII NUMBER 9 515



TOOTHWHITENING IN ASSOCIATION WITH CLEAR ALIGNER TREATMENT

Discussion

Simultaneous orthodontic and whitening
treatment is likely to be well received by patients,
since it combines two major factors involved in
smile esthetics.!!° This is particularly important
because patient compliance plays a decisive role
in the outcome of aligner treatment.

At-home whitening procedures can provide
excellent results, often better than with in-office
treatment.?? Moreover, whitening agents that can
be applied at home are associated with fewer ad-
verse effects, as they generally contain lower con-
centrations of the active peroxide ingredient.?!

After confirming that liquid whitening
agents could be evenly distributed within the small
space between F22 aligner trays and the teeth, we
tested the efficacy of various concentrations of
sprayed whitening agents. Our results confirmed
other reports that the concentration of whitening
agent and the length of time in contact with the
teeth are the key factors.?>?> We found that the
greatest percentage improvement in whiteness was
achieved with the application of 16% carbamide
peroxide for nine hours per day over 14 days
(Group 4).

SEM analysis indicated that the whitening
agents had no effect on the F22 aligner material,
because the microfilamentous structure was cov-
ered by a layer of organic material. Although some
surface irregularities were visible at high magni-
fications, these appear to have been caused by the
heat applied during the gilding process, rather than
by chemical degradation. Striations that probably
resulted from normal cleaning were also visible.

Following an established protocol,® we used
a high-performance spectrophotometer to compare
the light transmittance and absorbance of the
aligners before and after whitening. The F22 align-
ers maintained a high level of transparency—more
than 80% —even after 14 days of wear. The stereo-
lithographic manufacturing process has been
shown to produce thermoplastic polyurethane
aligners with very smooth surfaces®®; in our study,
neither whitening agent (hydrogen peroxide or car-
bamide peroxide) altered these characteristics.
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Our participants, similar to those assessed by
Krug and Green,'? reported a high degree of sat-
isfaction and were particularly pleased that the
whitening and alignment were performed simul-
taneously, without additional chairtime. Even
though the aligner tray provides no reservoir for
the bleaching agent, we did not observe any intol-
erable side effects from the use of peroxide.

This study presents some limitations. First,
it would have benefited from a larger and more
homogeneous sample. Another drawback was the
lack of a precise protocol for randomization and
selection of the sample size. While the number of
patients in each group was limited, however, the
total number of sites analyzed (144 each in Groups
1,2, and 3 and 252 in Group 4) was sufficient for
a reliable statistical analysis.

A disadvantage of the method itself is that
when whitening agents are used in conjunction
with aligners, no attachments can be bonded to the
labial surfaces of the anterior teeth. After careful
analysis by orthodontists, the F22 system was de-
signed to reduce visual impact by using anterior
attachments bonded to the lingual surfaces. If the
clinician’s planned movements require anterior
labial attachments, any tooth whitening should be
postponed to the end of treatment by using the
final aligner (the one that will serve as a removable
post-treatment retainer) as the reservoir for the
whitening solution.

Further studies should be conducted to com-
pare the efficacy of common at-home dental whit-
ening protocols in association with various types
of clear orthodontic aligners. Collateral effects
should also be investigated to determine whether
the incidence of dental sensitivity or gingival in-
flammation is comparable to that of other whiten-
ing protocols.?+2>
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