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he use of dentist-supervised, T patient-applied oxygenating 
agents for lightening vital teeth has 
recently become popular in the 
United States.14 This technique for 
bleaching teeth is often called 
nightguard vital b l e a ~ h i n g . ’ ~ ~ ~ ~  In 
this technique, the 10% carbamide 
peroxide bleaching agent is placed 
in a soft, custom-made tray and 
worn by the patient at night for 
approximately 8 hours. The overall 
course of treatment may be a few 
days or a few weeks, as determined 
by severity of stain. The technique 
has been used successfully for both 
enamel and dentin discoloration.2 
For mild staining the course of 
treatment is usually 2 weeks or 
less. For severe staining, such as 
that seen with tetracycline inges- 
tion during tooth development, 
bleaching treatment may be neces- 
sary for extended periods.s 

In August 1994, the American 
Dental Association (ADA) report, 
“Guidelines for the Acceptance of 
Peroxide-Containing Oral Hygiene 
Products,” established standards 

for the evaluation of bleaching 
agents.6 The report listed guidelines 
for both safety and efficacy. The 
safety guidelines concern adverse 
effects on the oral mucosa, dental 
hard tissue, and dental pulp. The 
efficacy guidelines concern accept- 
able clinical study designs, selection 
of subjects, measurement of tooth 
color, length of follow-up, and 
criteria for claims of success. The 
efficacy guidelines applicable to a 
single study are given in Figure 1. 

The efficacy and safety of 10% 
carbamide peroxide treatment have 
been reported separately or together 
in laboratory, animal, and clinical 

ment concerning the short-term 
lightening effect of dentist- 
supervised, patient-applied 
treatment. Gegauff et a1 reported sig- 
nificant color changes immediately 
following treatment in a cohort of 
dental students as measured by col- 
orimetry.ll However, in this small 
sample of students, the color change 
after 1 week was no longer signifi- 
cant. Haywood et a1,2 using patient 

There is little disagree- 

report as an indicator of lightening, 
reported that 62% of subjects sur- 
veyed 3 years after treatment 
perceived their teeth to be as light as 
immechately after treatment. Adverse 
effects have not been serious.’-13 

The purpose of this component of 
a double-blind, randomized study 
was to compare the effect of 10% 
carbamide peroxide gel to that of 
a placebo gel over the course of 
2 weeks of dentist-supervised, 
patient-applied treatment and 
extending to 6 months of follow- 
up. Safety was also a component 
of the study, and those results are 
being reported elsewhere. 

MATERIALS AND METHODS 

This study was conducted with 
approval by the Human Assurance 
Committee (HAC) of the Medical 
College of Georgia in compliance 
with federal standards. Subjects 
were recruited from the Medical 
Center and the metropolitan area. 
Subjects were required to be at 
least 18 years of age. Each subject 
was informed of risks and benefits 
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and signed an HAC approved 
informed consent document prior 
to enrollment. Each subject com- 
pleted a medical history, with 
follow-up by a clinician. Persons 
with significant medical problems 
or needing antibiotic premedication 
were excluded. Pregnant or nursing 
women also were excluded. A 
dental examination was completed 
after the medical history was deter- 
mined to be acceptable. Persons 
with active dental caries, moderate 
to severe gingivitis, or periodontiti: 
were excluded. Persons with a his- 
tory of vital bleaching, large 
anterior restorations, tetracycline 
staining, or undergoing orthodontit 
treatment also were excluded. 

After scaling and polishing, a 
polyvinylsiloxane impression was 
made of the maxillary teeth. Models 
were cast in dental stone (Ortho 
PlasterTM, Bayer Inc., South Bend, 
Indiana). On the models, the facial 
surface of each maxillary tooth was 
coated with light-cured block-out 
material in a 0.5-mm layer extend- 
ing to within about 1 mm of the 
line-angles and gingival margin (LC 
Block-out ResinTM, Ultradent 
Products Inc., South Jordan, Utah). 
The bleachng trays were vacuum- 
formed from 0.035” (0.89 mm) soft 
material ( Sof-TrayTM, Ultradent 
Products Inc.) creating a thin reser- 
voir for the gel in the areas blocked 
out. The trays were trimmed to 
approximate the facial and palatal 
margins of the gingiva without 
touching the gingiva or disturbing 
the reservoir. 

ADA Guidelines for Acceptance of 
Peroxide-Containing Oral Hygiene Products6 

Study Design 
Double blind 
Random assignment of treatment to subjects 
Equal sizes of treatment and control groups 
Treatment and control groups should be balanced on: 

Age 
Gender 
Oral health status 

Adequate number of patients to determine a difference 

Control Group 
Should be treated with the same delivery system as the experimental 

group 
Should be treated with the same vehicle agent as the experimental 

group (product without oxygenating system) 

Shade Measurement 
By two of the following methods: 

Shade guide 
Photography 
Colorimetry 
Computer digitization 

Four anterior teeth: lateral and central incisors 

How often should shade be measured? 
Baseline, then periodically, including 3 and 6 months after treatment 

How much of a difference needs to be shown? 
Two value-oriented shade increments 
A perceptible change should remain for 50% of subjects at 6 months 

Figure 1 .  Summary of requirements for a single study of efficacy. 

The active treatment gel in this 
study was a 10% carbamide per- 
oxide product currently marketed 
to dentists as OpalescenceTM 
(Ultradent Products Inc.). The 
placebo treatment gel was the same 
as the active gel except the car- 
bamide peroxide was omitted. 
Both gels were provided by the 

manufacturer in small kits contain- 
ing syringes for single application. 
A randomization table containing 
subject identification numbers and 
group assignment was prepared by 
the lead statistician (MHJ). The 
subject identification number was 
affixed to each dental chart, sub- 
ject kit, and individual syringe. 
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Each subject was instructed to 
place the assigned gel into the 
facial reservoirs of the tray and 
place the tray over the maxillary 
teeth for 8 hours daily, usually 
while sleeping. The treatment 
lasted for 2 weeks with examina- 
tions at  baseline, after 1 week, and 
after 2 weeks of treatment. Follow- 
up examinations were at 6 weeks, 
3 months, and 6 months after 
treatment was completed. 

The measure of interest was the 
shade of the middle third of the 
maxillary incisors for each subject. 
The Vita shade guide was used for 
shade matching (Lumino Vacuum 
Shade Guide, Vita Zahnfabrik, H. 

Rauter GmbH & Co. KG, 
Sackingen, Germany). In addition, 
35-mm color photographic slides 
were made with the selected shade 
tab adjacent to each maxillary 
incisor and with maxillary and 
mandibular incisors in an edge-to- 
edge position. Color assessment by 
Vita shade with photographic doc- 
umentation was done at baseline, 
after 1 week and 2 weeks of treat- 
ment, then 6 weeks, 3 months, and 
6 months after treatment for each 
maxillary incisor of each subject. 
Shade matching was done by con- 
sensus of two evaluators. Before 
the study began, a session was held 
to review shade matching using the 
Vita system. 

The value or lightness of the teeth 
was the variable of interest for 
statistical analysis. The rank of 
the value of each shade tab, as 
proposed by the manufacturer, 
was used as a response variable 
for repeated measures analysis of 
variance (ANOVA). The order of 
increasing lightness of the shade 
tabs is given in the leftmost column 
of Tables 1 to 6 with C4 being 
darkest (rank 1) and B1 being light- 
est (rank 16). Fisher's exact test and 
the z-test were used to analyze 
count and percentage data. Data 
management and statistical analysis 
were done using SAS (SAS Institute, 
Cary, North C a r ~ l i n a ) . ' ~ . ~ ~  
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R E S U L T S  

The randomization of subjects to 
treatments was successful in evenly 
distributing subjects by age, gender, 
and tooth shades at baseline. In 
the placebo group, there were 20 
women and 6 men. In the active 
group, there were 13 women and 
11 men. The mean age in the 
placebo group was 44.4 years 
(median, 41.5; minimum, 22; 
maximum, 79). The mean age in 
the active group was 41.5 years 
(median, 39.0; minimum, 24; maxi- 
mum, 68). In the rightmost column 
of Tables 1 and 2, the distributions 
of baseline shades are shown for 
the placebo and active treatment 
groups, respectively. There were no 
significant differences between the 
groups in age, gender, or tooth 
shade at baseline (t-test p = 5 0 ,  
Fisher’s exact test p = .14, p = .27, 
respectively). 

A representative series of photo- 
graphs for a subject in the active 
treatment group is given in Figure 
2, A to F. This series shows a 
change in shade after 2 weeks of 
treatment from A3 at baseline to 

A1 (seven value units). The A1 
shade remained stable through 
6 months of follow-up. 

A single shade matched the middle 
third of all four incisors for most 
subjects and time points. Whether 
the teeth were left or right, lateral 
or central incisor added almost no 
information about shade. Thus, the 
repeated measures ANOVA could 
be simplified to include only group 
(active, placebo), time (baseline, 1 
week, 2 weeks, 3 months, 6 
months), and the interaction of 
group and time. The test of inter- 
action was significant ( p  = .0001) 
indicating strongly that the time- 
course of the rank of shade was 
not the same in the active and 
placebo groups. The tests of group 
and time were also significant 
(each p = .0001). 

The results of this study are sum- 
marized by the cross-tabulation of 
the baseline shade with the 1-week 
and 2-week treatment shades in 
Tables 1 to 4 and the cross- 
tabulation of 2-week treatment 
with 6-month follow-up shades in 

Tables 5 and 6 .  In each table, 
counts in the shaded diagonal cells 
represent subjects whose tooth 
shade did not change. Cell counts 
above the diagonal indicate sub- 
jects experiencing lightening of 
tooth shade. Counts below the 
diagonal indicate subjects experi- 
encing darkening of tooth shade. 
For example, as indicated in Table 
1, six subjects in the placebo group 
had tooth shade D3 at baseline and 
at 1 week of treatment. 

Eighteen (the sum along the diago- 
nal) of the 26 subjects in the 
placebo group experienced no shift 
in tooth shade from baseline after 1 
week of treatment (see Table 1). In 
Table 2 a different pattern is shown 
in that 21 of the 24 subjects in the 
active group experienced a lighten- 
ing effect, as shown by the counts 
above the diagonal. For example, 
of the five subjects whose tooth 
shade at baseline was A3, two 
became A2, one became B2, one 
became A l ,  and one became B1. In 
the placebo group, the results at 2 
weeks of treatment were similar to 
those seen at 1 week, as shown by 
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Figure 2.  
follow-up: matching shade tab A l ;  D, baseline: incisors showing equal shades; E, after 2 weeks o f  treatment: showing lighter 
maxillary incisors; E after 6 months of follow-up: showing lighter maxillary incisors. 

A, Baseline: matching shade tab A3; B, after 2 weeks of treatment: matching shade tab A l ;  C, after 6 months o f  

the similarity of Tables 1 and 3.  
Similar results are shown for the 
active group at 1 and 2 weeks of 
treatment, as seen in Tables 2 and 
4. Slight differences are noted 
between Tables 2 and 4, for exam- 
ple, after 2 weeks of treatment, 
there are eight subjects with shade 

B1 (the lightest shade) compared to 
three subjects with shade B1 after 
only 1 week of treatment. 

Tables 5 and 6 demonstrate the sta- 
bility of tooth shade from the 
immediate end of 2 weeks of treat- 
ment to 6 months after treatment 

ended. Table 5 shows that 23 of 26 
placebo subjects maintained the 
same shade over the 6 months of 
follow-up. Table 6 shows that 16 
of the 24 subjects in the active 
treatment group maintained the 
same shade or developed a lighter 
shade over the 6-month follow-up 
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1ABLE 7 .  SHADE CHANGES OF SUBJECTS AT EACH RECALL TIME. 

Shades Relative to Baseline. Percentage 
Darker Same Lighter Lighter 

One week of treatment’ 
Placebo 
Active 

Placebo 
Active 

Placebo 
Active 

Placebo 
Active 

Placebo 
Active 

Two weeks of treatment+ 

Six weeks of follow-upt 

Three months of follow-upt 

Six months of follow-upt 

1 20 5 
0 4 20 

1 21 4 
0 3 21 

1 21 4 
0 2 22 

2 21 3 
0 3 21 

2 20 4 
0 3 21 

19.2 
83.3 

15.4 
87.5 

15.4 
91.7 

11.5 
87.5 

15.4 
87.5 

*Darker: at least two value units darker than baseline; same: within one value unit of baseline; 
lighter: at least two value units lighter than baseline. 
‘Each 2 X 3 contingency table was significant with a p-value less than .0001 (2-tailed Fisher’s 
exact test) 

period. Table 6 also shows that 21 
of the 24 subjects in the active 
treatment group maintained the 
2-week treated shade within one 
value unit or developed a lighter 
shade over the 6-month period. 
Table 7 shows the percentage of 
subjects experiencing no change or 
lighter or darker teeth by at least 
two value units from baseline for 
each recall time in the active and 
placebo groups. At each time-point, 
the distribution of darker/same/ 
lighter was significantly different 
in the active and placebo groups 
(Fisher’s exact test, p < .001). The 
placebo group experienced lighten- 
ing of shade with frequency 
between 11.5% and 19.0%. The 
active treatment group experienced 
lightening of shade with frequency 
between 83.3% and 91.7%. Each 
of the percentages lighter in the 

active group was significantly 
greater than 50% (2-test, IT = 0.5, 
p < .01). 

C O N C L U S I O N S  

The 10% carbamide peroxide 
product and treatment regimen for 
vital bleaching used in this study 
have been shown to produce a sig- 
nificant lightening effect im- 
mediately after treatment consis- 
tent with other studies. In addition, 
this study shows that the lightening 
effect lasts at least 6 months for the 
majority of subjects. 
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