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The safety-in-use of 10%
carbamide peroxide (Opalescence)
for bleaching teeth under the
supervision of a dentist

M. G. D. Kelleher,! and F. J. C. Roe,?2

Fears that the dentist-supervised use of a product that contains
carbamide peroxide and that emits hydrogen peroxide may not
be safe from the viewpoints of toxicity and cancer risk were
engendered by unrealistic animal tests. These fears prompted
the UK Government Departments of Trade and Industry (DTI) and
of Health (DOH) to try to prohibit the marketing of Opalescence
(manufactured by Ultradent Inc.). Faced with the fact that
Opalescence had already been awarded a CE mark under the EC
Medical Devices Directive, the DTI and DOH attempted fo bring
about its prohibition by reclassifying Opalescence as falling
under the EC Cosmetics Directive, according to which the
marketing of products containing more than 0.1% hydrogen

peroxide is not permitted.

The rationality and legality of this
manoeuvre were tested in the UK Courts
in 1998 and the classification of Opales-
cence as falling under the Medical
Devices Directive was upheld. The DTI
and DOH appealed against the decision.
In'1999 the original judgement was over-
turned by the Court of Appeal. The mat-
ter has now been referred to the House of
Lords in the UK.

In this short review we discuss why
Opalescence should be classified as a med-
ical device, why exposure to the small
amounts of hydrogen peroxide which it
emits poses no concern on the grounds of
potential general toxicity or carcinogenic-
ity, the evidence for its efficacy and the evi-
dence of its freedom from adverse effects
on teeth and the soft tissues of the mouth.
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Introduction
Noticeable discoloration of teeth can be a
physical handicap that impacts on a
person’s  self-image, self-confidence,
physical attractiveness and employability.
It can not therefore be dismissed as sim-
ply of cosmetic importance.

Dentists have sought to improve the
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appearance of discoloured teeth by a
variety of methods for centuries. Dis-
coloured teeth have been bleached by
dentists for at least 100 years.! Many of
these methods involved the use of
hydrogen peroxide in varying concentra-
tions using a variety of techniques.

Haywood and Heymann? described a
method of bleaching vital teeth  which
involved the application of carbamide
peroxide in the form of a viscous gel held -
within a customised mouthguard (some-
times referred to as a tray). The gel was
10% carbamide peroxide which released
hydrogen peroxide. The carbamide per-
oxide gel was thickened by the addition of
carbopol. The gel, held within the mouth-
guard, was applied to the discoloured
teeth at night while the patient slept. This
was termed ‘nightguard vital bleaching’
This method was extensively tested and
proved to be very successful without pro-
ducing significant side effects.’

Opalescence is a product manufactured
by Ultradent Inc. based on the method
developed by Haywood and Heymann.? It
is a device with several components. The
device and its use, which are described in
Annex A, were introduced into the UK
market by Optident Ltd. However, in 1993
the DTI advised that the product was (1)
regulated under the EC Cosmetics Direc-
tive and (2) not permitted for dental
bleaching because it contained more than
0.1% hydrogen peroxide (equivalent), a
concentration in excess of the limitations
of the Cosmetics Directive.

In 1995 Opalescence was granted a CE
mark as a medical device under the Med-
ical Devices Directive (MDD) ~ a new EC
regulatory regime first implemented at
this time. The consequences of a product
getting a CE mark is that it may be mar-
keted in all countries throughout the EC
without any further authorisation. This
right must be respected by member states.
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The UK Government agencies, ie the
Medical Devices Agency (MDA), the
DTI, and the DOH, took the view that
bleaching agents intended to be placed in
contact with the teeth are cosmetic prod-
ucts within the meaning of the Cosmetics
Products (Safety) (Amendments) Regu-
lations 1993 through which the EC Cos-
metics Directive was implemented. For
this reason, products intended for
bleaching teeth were prohibited from sale
in the UK if they contained, or released,
more than 0.1% hydrogen peroxide.

It seems that the DTI, the MDA and
DOH had been advised that the use of
products containing more than 0.1%
hydrogen peroxide was dangerous
because of the mutagenic and carcino-
genic potential of hydrogen peroxide. In
spite of numerous requests by the BDA,
dentists and others to the DTI, the MDA
and the DOH, no evidence to substanti-
ate these claims was offered. Further-
more, the DTT advised that any dentist
using such a product would be liable to a
fine of £5000, a prison sentence of 6
months or both. Needless to say, this
effectively dissuaded most dentists in the
UK from using such products.

In ‘due course, the manufacturers,
Ultradent Inc., and the UK distributors,
Optident Ltd., sued the DTI and the
DOH in the High Court, claiming that
they had placed illegal obstacles to the
marketing of Opalescence in the UK. The
legal position with regard to the use of
Opalescence was tested in a High Court
Case which ended in August 1998. The
outcome of this case was that:

*  Opalescence was and is a medical
device and not as a cosmetic product;

+  the CE mark as a medical device was
and is appropriate; and

*  the DTTand DOH had placed obsta-
cles to its being placed on the market
in the UK and this they had not been
entitled to do.

The DTI and DOH appealed against the
decision. In 1999 the original judgement
was overturned by the Court of Appeal.
The matter has now been referred to the
House of Lords. Dental practitioners may
still feel a need to be reassured about the
safety of carbamide peroxide-based prod-
ucts. The following sections address these
concerns.

It is noteworthy that, despite the fact
that the FDA and other bodiés in the
USA apply very stringent licensing regu-
lations, especially in the matter of safety,
the American Dental Association’s seal
of approval was granted to Opalescence.

Questions concerning general
toxicity, possible mutagenicity and
possible cancer risk

Is there any risk of local or systemic toxi-
city to patients from the use of car-
bamide peroxide by dentists?

Unless the dose is taken into account,
there is nothing to which humans are
exposed that can be said to be entirely
free of the risk of toxicity. Thus, there is
an expression that is well known to toxi-
cologists, “The dose makes the poison’*

Carbamide peroxide is formed from
urea and hydrogen peroxide. Urea is a
normal body constituent and in the doses
of carbamide peroxide administered by
dentists in the course of nightguard vital
bleaching involving the use of Opales-
cence, the urea moiety of the molecule is
of no toxicological consequence.

After the application of carbamide per-
oxide to teeth, hydrogen peroxide is
slowly emitted and it is this that is
absorbed into teeth and results in their
being bleached. The question arises there-
fore, is there any risk of local or general
toxicity from the hydrogen peroxide that
is emitted from the carbamide peroxide?

The toxicology of hydrogen peroxide
(H,0,) was thoroughly reviewed in 1993
by the European Centre for Ecotoxicology
and Toxicology of Chemicals (ECETOC?)
and later by Li.® The main points made in
the ECETOC review are shown in figure 1.

As pointed out below, the process of the
conversion of normal foodstuffs to the
energy required for the growth, move-
ment and survival of animals, including

"humans, involves the production of oxy-

gen free-radicals, including H,0,. Conse-
quently, H,0, can be found in all body
cells as an' endogenous metabolite.

e Humans are exposed to.HaOs'in food Up fo 8000 g/t-

~ haye been‘found in some vegetables”

- # “H,0, is produced during normal aerobic cell metabo
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Boveris’ calculated that the human liver -
the principal site of metabolism — pro-
duces 270 mg of H,O, per hour. An
important reason why there are no bad
consequences of this generation of H,0,
is the effective way in which H,0, is
decomposed by enzymes, particularly
catalase and various peroxidases. All body
cells contain these enzymes, but the high-
est levels are found in the duodenum,
liver, spleen, kidney, blood and mucous
membranes. In the blood, most of the
catalase is found in red blood cells and
within just a few minutes the erythrocytes
can degrade gram quantities of H,0,.

Is there a risk of mutagenesis from
exposure to hydrogen peroxide?

No such risk is supported by the best avail-
able scientific evidence. A balanced and
thorough review of the scientific evidence
indicates that clinically useful concentra-
tions and applications of hydrogen perox-
ide do not entail a risk of mutagenesis in
humans. Original questions about the role
of hydrogen peroxide in mutagenesis were
raised on the basis of certain in vitro test-
ing results, which have not been repro-
duced under in vivo testing conditions.*10

Is there any risk of carcinogenesis as a
consequence of the exposure of patients
to carbamide peroxide during dentistry?
Major advances in knowledge concern-
ing mechanisms involved in carcinogene-
sis have occurred during the last 10-15
years.!l Ames!? pointed out that the
human diet contains a wide variety of
natural mutagens and carcinogens, and
also many ingredients which, when
metabolized, generate potentially muta-
genic oxygen radicals. Endogenous

Fig 1. The main points
made in the ECETOC
review,

- :lism. Tt involves a number of enzymchc reactions, espe—

7 cidlly superox1de dismutase.

-& H;0,is decomposed to oxygen and water by enzymes’
* such as catalase, peroxidases and seleniumi lependent

glutathione peroxiddses:

" e Human dedths have resulted from acadentol ingestion of
-Unknown quantities of 30-40% solutions. Toxic effects
*were generally relofed to fhe corrosive action on the gas- - )

- frointestinal fract

*_ Dermaltoxicity is |ow H, O ‘solutions of less than 35%
- arenot classified as |mranHo the rabbit skin; solutions of

*'50% and-higher are corrosive:

¢ ‘Mouth washes with up to 3% neutrahsed H202 did not_

cause mucosal irritation in humans’

*  Systeric toxicity after exposure to exdgenous H O, is
difficult to detect and measure because HyO, is so
quickly and so efficiently decomposed to oxygen and

water at'the exposure site
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mutagens so formed cause massive DNA
damage (ie by the formation of oxidative
and other adducts) that can be converted
to stable mutations during cell divi-
sion.> These investigators estimated
that, on average, the DNA of each cell in
the human body suffers 10,000 hits per
day from endogenous oxidants. Almost
all of this damage is quickly and effec-
tively repaired. However, there is a brief
stage in the process of cell-division when
the normally double-stranded DNA is
only single stranded. During this stage
DNA-repair is impeded. It follows that
agents (egirritants, hormones) that stim-
ulate cell division (ie mitosis) increase the
risk that DNA damage will be transferred
to daughter cells. Ames and Gold!3
coined the expression “Mitosis increases
mutagenesis” to describe this phenome-
non. In the light of this it becomes easy to
see how non-mutagenic agents that stim-
ulate cell division might increase the risk
of cancer development.

Animal studies conducted in Japan by
Ito et al. 14716 described the occurrence of
benign and malignant tumours of the
duodenum in mice exposed continu-
ously to 0.1% or 0.4% H,O, in their
drinking water for up to 100 weeks. In
the JARC monograph?® it was noted that
the pathology of the tumours that were
said to have arisen in the case of the 1984
paper ‘was not well documented’ This
was probably also true for the earlier two
papers, although this is not clear from
the contents of the 1985 IARC mono-
graph. In their 1984 paper Ito et al.,'
reported that the level of catalase in the
duodenum in mice of four strains ranged
from 76 to 1000 times lower than that in
the duodenum of one strain of rat. As
catalase is a potent destroyer of H,0O,, it
is likely that duodenal deficiency of cata-
lase could increase the risk of damage,
and possibly also of neoplasia, in such
strains of mice. In this regard, Dawson et
al'7 found that catalase levels in the
duodenum of humans were 2-27 times
higher than in any of the mouse strains
that they studied. Clearly, the reported
production of corrosive changes and
duodenal tumours in mice exposed con-
tinuously to H,O, in the drinking water
is not an appropriate model for assessing
the possible risks of duodenal irritation
or tumorigenesis in man.

Tto et al.!8 exposed rats on 6 days/week
for 12 weeks by gavage to 168.7 mg/kg
bodyweight H,O, (the equivalent of a
human swallowing over 10 g of H,0,).
They saw no histopathological abnor-
malities in any tissue. Later, Ishikawa and

Takayama!® studied the effects on the
duodenum of Fischer 344 rats that were
exposed to 0.3% or 0.6% H,O, in the
drinking water for 26 weeks and then
observed for a further 52 weeks. They
observed no duodenal tumours in this
study. In contrast, in the light of the
results of another study in rats, Dahl and
Becher?? concluded that hydrogen per-
oxide in dental whiteners might be haz-
ardous for humans. These investigators
exposed rats to doses of either 15 or 50
mg/kg body weight carbamide peroxide
or to 150 or 500 mg/kg Opalescence by
stomach tube, after overnight starvation.
In rats so treated they saw erosion of the
gastric mucosa of dose-dependent sever-
ity after 1 hour and after 24 hours. How-
ever, their findings are difficult to
interpret in relation to the use of car-
bamide peroxide for tooth whitening.
Firstly, the method of administration
served to maximise exposure of the gas-
tric mucosa by avoiding dilution by saliva
or food. Secondly, as the investigators
themselves commented, the irritant
effects they saw were only very transient.

Common sense dictates that it is the
concentration of H,O, that comes into
contact with particular tissues and not
the total dose on a mg/kg body weight
basis that determines manifestations of
local toxicity.

In our opinion the experiment of Dahl
and Becher?? is not relevant in relation to
the safety evaluation of the overnight use
of Opalescence by dentists. It is well
known that high concentrations of H,0,
are corrosive to any tissue that comes into
contact with them, and this is all that
Dahl and Becher showed in their study in
rats. The use of Opalescence does not
entail the exposure of tissues other than
the teeth to toxicologically significant

- concentrations of H,0,,.

Questions of safety of particular
relevance to dentists
Does exposure to carbamide peroxide
increase resorption?
Resorption frequently occurs as a result
of trauma to teeth. The severity of resorp-
tion is related inter alia to the type of
injury the tooth has sustained, the force
involved and whether the tooth is dis-
lodged from its socket. Thus, resorption
can and does occur without any exposure
to internal bleaching involving H,O,.
Invasive cervical resorption is seen very

‘occasionally in bleached root-filled teeth,

and has been attributed to a combination
of trauma to the tooth followed by the use
of heat and very high concentrations of

hydrogen peroxide, eg 30%.2! Heithersay
et al?? studied the radiographs and
records of 204 teeth in 158 patients,
whose bleaching treatment had been car-
ried out in a specialist endodontic prac-
tice over periods of 1-19 years. In 78%
there was a history of traumatic injury.
All teeth had been treated with a combi-
nation of thermo-catalytic (heat-acti-
vated 30% H,0,) and ‘walking bleach’
procedures. It was found that a total of
four teeth from the sample group (2%)
had developed invasive cervical resorp-
tion during the review period. All of these
teeth had a history of traumatic injury
and the level of root filling was at the
cemento-enamel junction.

Resorption appears to be more a func-
tion of the application of heat and of high
concentrations of H,O,. There appears
to be no evidence in the scientific litera-
ture implicating the use of H,O, in
resorption when heat is not used or when
only low concentrations of H,O, (ie 3%)
are used. In other words, it is only when a
combination of high concentration of
H,0, and heat are used on teeth with a
history of trauma that resorption very
occasionally results. Incidentaily, there
are no reported cases of resorption with
the use of Opalescence used for either
internal or external bleaching.

Does increased tooth sensitivity associ-
ated with the use of carbamide peroxide
constitute a serious problem?

Schulte and Morrisette?? reported a clini-
cal study involving home bleaching with
10% carbamide peroxide. There were 28
people in the study. Four of these discon-
tinued the procedure because of thermal
sensitivity. For the remaining people,
there was no difference between the pul-
pal readings recorded before the use of the
gel and those at any point during the
study. During a 3-week trial by Sterrett et
al.,2* it was reported that mild transient
sensitivity was common to all partici-
pants. The consensus view from these and
other trials was that this mild sensitivity
ceased on stopping treatment. Further
details are available from the papers pre-
sented at a state-of-the-art symposium on
non-restorative treatment of discoloured
teeth in September 1996 at the School of
Dentistry, North Carolina, Chapel Hill
These papers were subsequently pub-
lished in the Journal of the American
Dental Association Supplement.

From these recent studies and
from comparisons of bleaching by tra-
ditional methods with bleaching using
Opalescence, it is clear that increased
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sensitivity is mainly associated with the
use of heat and high concentrations of
H,0,.2727 Neither heat nor high con-
centrations of H,O, are involved in the
use of Opalescence.

Does bleaching adversely affect the
hardness of teeth?

Lewinstein and Hirschfeld?® claimed that
hydrogen peroxide might reduce the
hardness of enamel and dentine. How-
ever, their study was flawed because they
used H,O, at pH3. This would, in effect,
acid etch the enamel surface of teeth. In
this context Opalescence has a pH of 6.5
and would not give rise to acid etching. In
any case, the apparent small decreases in
microhardness were only on the border-
line of statistical significance. If, indeed,
there are any changes in tooth hardness
after bleaching they are certainly likely to
be far less than those resulting from the
removal of the enamel before the applica-
tion of veneers or changes associated with
micro abrasion.29-31

Can carbamide peroxide be safely used
for the internal bleaching of teeth?
Prior to the1998 court hearing referred to
in the introduction, the DTI and the
DOH were seemingly labouring under
the false belief that the bleaching of teeth
by Opalescence resulted from an effect
solely on the surface of teeth. In fact this is
simply not true as shown by the response
of tetracycline-stained teeth to Opales-
cence treatment. The vyellow or
brown/grey staining attributable to tetra-
cycline is located deep in the dentine that
is to say, at some distance from the enamal
surface of the tooth. Hydrogen peroxide
emitted from carbamide peroxide applied
to the surface of teeth has to penetrate the
enamel and dentine for the bleaching of
tetracycline-stained teeth to be effective.

Thus, even when carbamide peroxide is
simply applied to the exterior.of a dis-
coloured tooth, the benefit it achieves
may be wholly or partly brought about by
bleaching stains or other compounds
within the substance of the tooth as dis-
tinct from mere surface discoloration.

However, it is also possible in the case
of a non-vital tooth, for the: dentist to
drill through the wall of the tooth into the
tooth pulp chamber and introduce a
bleaching agent into the centre of the
tooth. This is the usual meaning of the
term ‘internal bleaching’?2

Another variation of bleaching
treatment has been described by Set-
tembrini et al?>? This is known as
‘inside/ - outside non-vital tooth
bleaching’ and involves the application

of the bleaching agent both internally
and externally at the same time. Very
successful results have been claimed
for this technique but problems of
microleakage need to be weighed
against improvement in appearance.

In any event, it is clear that carbamide
peroxide can be safely used for the inter-
nal bleaching of teeth provided that care
is taken to avoid the introduction of bac-
teria into the root canal.

Does damage to the soft tissues of the
mouth occur during overnight bleaching
with Opalescence?

The American Dental Association’s
Guidelines for the acceptance of perox-
ide products published in 19943
require inter alia an evaluation of the
effects of treatment with Opalescence
on the soft tissues of the mouth, includ-
ing the gingivae, tongue, lips and
palate. Relevant studies are by Sterrett
et al.,>* Curtis et al3* and Russell et
al.® In none of these has soft tissue
damage of concern been observed. Fur-
thermore, where transient damage to
gingivae was seen, it appeared to be
related to poorly fitting trays rather
than to the carbamide peroxide gel
which they contained.

Is tooth-bleaching with Opalescence

effective and long- lasting?

The JADA guidelines®}, which are very

strict, require companies to show both the

safety-in-use of products and their efficacy.
In relation to efficacy the data required

included:

*  two double blind trials, involving the
comparison of the test material with
anon-active control material;

» the assessment of the effects of treat-
ment over periods of from 2 to 6
weeks;

+ . the measurement of tooth colour at
the start and at the end of treatment
using two different systems of colour
measurement, and

* 3-6 month colour duration mea-
surements to assess whether colour
improvement is maintained.

After extensive evaluation, three products,
including Opalescence, were given the
American Dental Association’s (ADA)
Seal of Approval in 1997 (ref 3) This shows
that the ADA was satisfied that efficacy
had been convincingly demonstrated.

Other reviews of the safety and efficacy
of tooth-bleaching by carbamide perox-
ide have been provided by Haywood et
al.*% and by Goldstein.3” '
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Conclusions

Noticeable discoloration of teeth can
amount to a physical handicap which
impacts on a person’s self-image, self-
confidence, attractiveness and employa-
bility. It should not therefore be
dismissed as a matter of no more than
cosmetic importance.

Hydrogen peroxide liberated from car-
bamide peroxide is effective in bleaching
teeth because it penetrates through the
enamel and into the dentine. Thus bleach-
ing is not achieved solely by a surface effect.

In our opinion Opalescence, when
used under the supervision of dentists, is
completely safe from the viewpoint of
general toxicity, risk of mutation and risk
of carcinogenesis.

The efficacy of Opalescence in the
bleaching of teeth is established.

When properly used, there are no more
than minimal adverse effects on the soft
tissues of the mouth and these are very
transitory.

Mr Justice Laws in the 1998 High Court
action referred to above stated: °...it is
common ground that the UK Authorities
have not sought to invoke Article 8 and
18 of the Medical Devices Directive (ie
the clauses concerned with product
safety)’ :

The outcome of the appeal to the
House of Lords is awaited and dentists
have been advised against using hydro-
gen peroxide in any concentrations
greater than 0.1%. In other words, all
forms of bleaching regardless of the
methods employed i.e. internal or exter-
nal have been proscribed. This will place
many dentists in a very difficult ethical
and moral position as to the appropriate
treatment for their patients with dis-
coloured teeth. This article addresses the
safety and efficacy issues of dental
bleeching

Both the authors of this paper served as expert
witnesses in the High Court case referred to in the
introduction
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