Tray delivery of potassium nitrate—fluoride

to reduce bleaching sensitivity
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Obijective: Tooth sensitivity is a common side effect associated with tooth whitening. The purpose of this
study was to determine if bleaching tray delivery of potassium nitrate—fluoride reduces bleaching sensitiv-
ity enough to allow continuation of whitening treatment. Method and materials: Thirty patients were
enrolled in a university-approved clinical study and had their teeth bleached at night with 10% carbamide
peroxide in a custom-fitted tray. The bleaching tray was a rigid experimental design for which sensitivity
was expected. If tooth sensitivity was experienced, the patient applied a gel containing 5% potassium
nitrate and 1,000 ppm sodium fluoride in the bleaching tray for various time periods. Log forms were col-
lected upon completion of bleaching, and patient interviews were used to compare effects of the gel before
and after sensitivity treatment. Results: Sixteen out of 30 patients experienced tooth sensitivity. Of those
16 patients, 12 used the gel, and 11 of the 12 reported a reduction in sensitivity. Treatment times ranged
from 10 minutes before bleaching to 30 minutes before and after, The number of applications ranged from
one to continuous use. Some patients were able to continue bleaching after one gel application with no
subsequent sensitivity. Other patients were unable to continue bleaching unless they continued using the
gel. The incidence of tooth sensitivity (53%) reported in this study is consistent with sensitivity reported in
studies using semi-rigid custom-fitted trays made from stone casts with a nonscalloped, nonreservoir
design. Conclusion: The use of a 5% potassium nitraie—fluoride gel applied in the tray as needed for
tooth sensiti—vity associated with nightguard vital bleaching can reduce sensitivity in a majority of patients
and allow most patients to continue bleaching to completion. (Quintessence Int 2001;32:105-109)
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CLINICAL RELEVANCE: The use of bleaching trays to
deliver potassium nitrate-fluoride can reduce bleaching
sensitivity and allow continuation of bleaching treatment
for most patients.

Nightguard vital bleaching with 10% carbamide per-
oxide has enjoyed great success since it was first
introduced to the dental profession in 1989." This per-
oxide bleaching material is usually applied to the teeth
in a custom fitted tray.? Treatment is ideally accom-
plished while wearing the bleaching tray overnight, but
comparable results can be achieved by bleaching any-
time during the day for several consecutive hours.3+
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The most common side effect associated with car-
bamide peroxide bleaching is tooth sensitivity.> This
sensitivity is thought to be due to the finding that the
byproducts of 10% carbamide peroxide (3% hydrogen
peroxide and 7% urea) readily pass through the enamel
and dentin into the pulp in a matter of minutes.® Sen-
sitivity is in the form of a reversible pulpitis caused
from the dentinal fluid flow and pulpal contact of the
material without apparent harm to the pulp.” These
chemicals may change the osmolarity of the fluids in
the pulp and dentin, producing a reversible pulpitis.

Claims have been made that some nightguard
bleaching products do not cause sensitivity. However,
double-blind clinical studies have shown that sensitiv-
ity occurs in 55% to 75% of treatment groups.®'® The
placebo groups also experienced between 20% and
30% sensitivity. One study even reported tooth sensi-
tivity of about 15% in subjects wearing only the
bleaching tray. Therefore, it appears that sensitivity is
a multifactorial event that cannot be totally avoided,
because it is not exclusively related to the peroxide
whitening material.
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One option for addressing the sensitivity associated
with tooth bleaching is to try to predict which patients
will become sensitive. However, the only significant
predictors determined thus far are a previous history
of sensitive teeth and/or a regimen of more than one
application of the bleaching solution per day. No
other indicators are apparent at this time.?

Since tooth sensitivity during bleaching is so com-
mon, yet unpredictable, it must be addressed clinically
when it occurs. Often the sensitivity experienced is
“mild,” little more than an occasional annoyance to
the patient requiring no alteration in the treatment
protocol. Some patients experience sensitivity that
cannot be ignored and in these cases, the dentist may
have to instruct the patient to decrease the frequency
and duration of treatments.?! Typical advice in these
cases would be to have the patient bleach every other
day or for less time. When this protocol fails, some
practitioners advocate the use of topical fluorides in
conjunction with the bleaching treatments. In severe
cases of sensitivity, some patients may have to stop
bleaching either completely or for a few weeks.

In 1995, Jerome published a case study describing a
technique for treating tooth sensitivity in post-perio-
dontal surgery patients.?? Instead of having the patient
brush with a dentifrice containing potassium nitrate,
he placed the potassium nitrate dentifrice in a custom-
made soft tray. The use of the tray delivery system
increased the efficacy of the potassium nitrate denti-
frice, because the medicament-tooth contact time was
increased as compared to toothbrushing.

The purpose of this paper is to present the results of
a clinical study that evaluated the use of a tray-deliv-
ered potassium nitrate and fluoride solution to treat
sensitivity occurring during nightguard tooth whiten-
ing procedures.

METHOD AND MATERIALS

Thirty patients were enrolled in a university-approved
clinical study to evaluate tooth whitening using an
experimental, directly fabricated bleaching tray.
Patients included in this study had both normally dis-
colored teeth and tetracycline-stained teeth., An ADA
approved 10% carbamide peroxide,” Colgate Plati-
num (original formula, Colgate Oral Pharmaceuticals),
was used as the whitening agent. Patients were fitted
with a custom-fabricated experimental design tray that
has been previously described.* The tray extended
onto the gingival tissue in a nonscalloped fashion and
contained no reservoirs or spacers.

Because of previous whitening studies using car-
bamide peroxide, as well as experience with a rigid
tray, sensitivity was expected. All patients were given a
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syringe with an experimental gel containing 5% potas-
sium nitrate and 1,000 ppm sodium fluoride. Each
patient scored pre-treatment (baseline) sensitivity
from 1 to 10 on an analog scale. Patients were
instructed to record on an identical analog scale any
episodes of sensitivity that occurred during whitening
treatment. If sensitivity occurred, the patients were
instructed to apply the experimental gel in their
bleaching tray for 10 minutes following bleaching
treatment. After this treatment period, they were
required to rescore their sensitivity level on another
analog scale. If a 10-minute application time of the
desensitizing gel following bleaching treatment proved
unsuccessful in reducing sensitivity, the patient was
instructed to increase the gel application time to 20
minutes. If this protocol was unsuccessful, the time
was increased to 30 minutes. If sensitivity persisted,
the patients were instructed to apply the sensitivity gel
before and after bleaching for 10 minutes, and then
increasing to 20 and then 30 minutes if necessary.
After each application, patients were asked to record
their sensitivity scores.

The patients were recalled monthly until the
bleaching treatment was complete. At completion,
patients were interviewed and their sensitivity-scoring
forms were collected.

RESULTS

The outcomes of the clinical whitening trial were as
follows. Sixteen of 30 patients (53%) experienced
some sensitivity. Of the 16 experiencing sensitivity,
12 used the gel to continue bleaching. Of the 12
using the gel, 11 reported a reduction in sensitivity
and the ability to continue bleaching to a successful
outcome. Patient 12 was also able to continue, but
lost the data sheets, so they were not counted in the
results. The other 4 patients who had sensitivity were
able to continue treatment to completion without the
use of gel.

Sensitivity varied greatly in this trial, so the gel
application times were very different. The results are
presented in Table 1. One patient only needed a single
gel application during treatment to be able to continue
successfully, while 5 patients needed 2 to 5 applica-
tions for success. Four patients used 5 to 10 applica-
tions over the course of their bleaching treatment,
while one patient had to continually apply the gel to
successfully complete the whitening process.

For the 11 patients who reported sensitivity, the
incidence of sensitive days relative to the length of the
bleaching treatment is reported in Table 2. The fre-
quency ranged from 1% to 100% of the days of bleach-
ing treatment.
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DISCUSSION

Total treatment time for whitening teeth with night-
guard bleaching techniques cannot be predicted.
Treatment typically continues until the teeth are as
white as the patient desires, or they have ceased
changing color with continuous treatment. Because
there were a variety of discolorations treated, from
mild discoloration to tetracycline staining, there were
a variety of treatment times used for successful
whitening. The number of treatment times ranged
from 12 (mild discoloration} to 330 (tetracycline stain-
ing) consecutive nights of applications in the group of
patients using the gel to treat sensitivity. If the number
of days of sensitivity, which were not always continu-
ous days, are expressed as a percentage of the total
number of treatment days, a better indication of the
amount of sensitivity experienced can be obtained.
The percentage of sensitive days relative to treatment
days are presented in Table 2 and ranged from 1% to
100%, with an average of 17% of days of sensitivity.
This data seems to indicate that the sensitivity was not
related to bleaching duration.

When the frequency of treatment times were ana-
lyzed, the 10-minute application time after completion
of the whitening treatment was used 35 times by 8
patients. The 20-minute application time after whiten-
ing was used 20 times by 5 patients. One patient used
a nonprescribed treatment time of 15 minutes, which
was included in the 20-minute data. The next most
frequent application time was 20 minutes before
bleaching.

The gel used to treat sensitivity was a combination
of potassium nitrate and fluoride. Both are ingredients
with a history of success in treating tooth sensitivity,
but the two materials have very different mechanisms
of action. Like carbamide peroxide, potassium nitrate
also passes easily through the enamel and dentin to
the pulp in a matter of minutes.?>2¢ It has an apparent
analgesic or anesthetic effect on nerve fibers by not
allowing them to re-polarize after the initial depolar-
ization in the pain signal. On the other hand, fluoride
treats sensitivity peripherally by occluding the dentinal
tubules and reducing the fluid flow to the pulp.?

Potassium nitrate has been used in desensitizing
toothpastes for many years and is approved by the
Food and Drug Administration at & maximum concen-
tration of 5%.%® Most toothpastes contain 5% potassium
nitrate and fluoride. Examples include all 6 varieties of
Sensodyne toothpaste (Block Drug), Crest Desensitize
(the original Dequel used in the Jerome article), Colgate
Desensitize, and many others. Toothpaste application
generally takes 2 to 3 weeks to become effective.?
Professionally-supplied potassium nitrate and fluoride
products specifically designed for tray application
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TABLE 1 Frequency of gel application for

bleaching sensitivity -

No. of applications

1 1
2-5 (not continuous) 5
5-10 (not continuous) 4
Continuous 1

No. of patients

TABLE 2 . Relative frequency for patients

experiencing sensitivity

Length of bleaching  Incidence of sensitivity ~ Frequency
treatment (days) (days) (%)
330 5 1
150 6 4
20 1 5
80 4 5
140 7 5
144 9 6
30 4 13
22 3 14
30 6 20
29 6 21
12 12 100
Average frequency of sensitivity in total treatment: 17%.

include Relief (Discus Dental), Desensitize (DenMat),
and UltraRZ (Ultradent Products). Some whitening sys-
tems also use potassium nitrate in the bleaching gel.
Nitrate is a normal component of the human diet.
A typical daily intake by an adult in the United States
is about 75 mg/day.>® Mean daily intake of potassium
nitrate and sodium nitrite from total diet was calcu-
lated at 215 mg and 7.7 mg, respectively.’! Of the
dietary intake of nitrate, over 85% comes from the
natural nitrate content of vegetables such as beets, cel-
ery, lettuce, and spinach. While concern exists for
nitrosamines, known carcinogens in experimental sys-
tems that may form nitrite and certain amines, there
does not appear to be a significant problem with the
use of potassium nitrate in this manner. Based on esti-
mates of the amount of material that may be ingested
during bleaching,’?> the normal daily dietary intake of
nitrates is approximately 40 to 70 times the amount
potentially ingested by this application technique
(Yiming Li, personal communication, June 2000).
Also, a reduction reaction is needed in order to con-
vert nitrate (NO.) to nitrite (NO,), which may then
interact with certain amines to form nitrosamines.
Peroxides in bleaching gels are strong oxidizers, and
bleaching is generally considered an oxidation reac-
tion (Yiming Li, personal communication, June 2000).
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The use of potassium nitrate in desensitizing tooth-
pastes for many years has also demonstrated long-
term clinical safety in human usage.

One shortcoming of at-home bleaching is that treat-
ment requires patient compliance to be successful.
This at-home compliance requirement also proved to
be a frustration in collecting data in this study.
Although the potassium nitrate-fluoride gel was help-
ful in allowing patients to continue whitening, the
data acquisition was not as successful as originally
planned. Patients lost forms or completed them incor-
rectly. Illness and travel schedules interrupted conti-
nuity, and varied treatment times made comparisons
difficult. Since sensitivity is seldom a continuous
event, strict adherence to protocol was unattainable.

On the other hand, this treatment design afforded
the patient control of when and how to treat their sen-
sitivity. They were given an active role in managing
their discomfort with a technique that was simple and
effective. This study indicates that 10- to 30-minute
applications of the desensitizing material, used as
needed when sensitivity occurs, can be very helpful.
This desensitizing application may have to be continu-
ous or alternated with bleaching treatments.

CONCLUSION

The use of a 5% potassium nitrate-fluoride gel applied
in the bleaching tray as needed for tooth sensitivity
from nightguard bleaching reduced tooth sensitivity in
a majority of patients. This reduction in sensitivity
allowed mofst patients to continue whitening to a suc-
cessful completion, including those patients undergo-
ing long-term treatment for tetracycline staining.
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