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Extrinsic discoloration of teeth has frequently been observed in connection with the use of
chemical plaque-preventive agents. Preliminary investigations have indicated that oxidizing
peroxymonosulfate may effectively reduce this discoloration without interfering with the
plaque-preventive capacity of chlorhexidine. In the present experiment a 0.2% chlorhexidine
and a 1% peroxymonosulfate solution were used for oral rinsing in a group of 50 military
recruits. A double-blind experimental design was followed. The plaque-preventive capacity
of chlorhexidine was maintained, and a marked reduction in extrinsic tooth discoloration
could be observed. O Chlorhexidine; human teeth; plaque prevention
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Extrinsic discoloration of teeth is an
unwanted side effect in connection with the
use of chemical plaque-preventive agents
such as chlorhexidine (for survey, see Ref.
4). Individual differences in discoloration
tendency have, however, been observed. In
a previous study, three typical ‘stainers’ and
three ‘non-stainers’ were selected from a
group of dental students (16). Various rins-
ing regimes were tested in vivo to study the
nature and possible ways of preventing such
discolorations. The most promising results
were obtained with an oxidizing agent based
on the use of peroxymonosulfate as a second
mouth rise in addition to a 0.2% chlorhexi-
dine solution. These agents have also been
tested in various in vitro discoloration studies
(10, 11) and in rabbits (2). The results from
these experiments support the results from
the preliminary in vivo investigation (16).

To test the validity of this concept for
prevention of extrinsic chlorhexidine-
induced discolorations under less selective
conditions, military recruits were chosen as
test subjects.

Materials and methods

Fifty military recruits volunteered to par-
ticipate and signed a written consent giving

information about the investigation. The
experiment was planned as a double-blind,
cross-over design (Fig. 1).

Before start of the experiment the plaque
and discoloration situation was recorded and
a clinical color picture of their teeth taken
in frontal view with x2/3 before a thorough,
professional tooth cleaning was performed.
The participants were then arbitrarily allo-
cated to one of two groups of 25 participants
each. Two coded bottles of rinsing solutions
were distributed to each participant. One
contained a 0.2% chlorhexidine acetate sol-
ution (CH) (Hibitane®, ICI, Macclesfield,
England), and the other contained either
1% peroxymonosulfate (PMS) (Caroat®,
Degussa, Frankfurt, FRG) stabilized in a
succinic acid-sodium hydroxide buffer
adjusted to pH 5.0, or distilled water (Aq.
dest.). Group one started with the CH-PMS
rinsing procedure and group two with CH~
Aq.dest., both used for 1 min consecutively.
This rinsing was performed twice daily as
their only oral hygiene measure.

After 14 days the plaque and discoloration
situation was recorded and a x2/3 clinical
photo taken. Thorough professional oral
hygiene was then performed and a 1-week
rest period allowed to prevent any carry-over
effect.

Tooth cleaning was then performed before
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new coded bottles were distributed, chang-
ing the groups in accordance with the
cross-over design. After another 2 weeks a
final plaque and discoloration recording was
performed, photos taken, and the teeth
given a final prophylaxis (Fig. 1).

Plaque was scored by the same investi-
gator (HME) all through the investigation
in accordance with the PL.I. defined by Sil-
ness & Lge (15). The discoloration situation
was registered according to a staining index
ranking the visual impression of stain from
0-3 for increasing severity and was also
determined from coded color photos of the
participants (3). The Wilcoxon signed ranks
test for matched pairs (14) has been applied
for statistical testing of the discoloration
scores.

Results

The pre-experimental recording of plaque
and extrinsic discoloration revealed that the
mean values of the plaque index scores were
1.3 and 1.4, respectively. No extrinsic tooth
discoloration was registered among any of
the participants (Fig. 2, Table 1).

0.2% CHLORHEXIDINE
1% PEROXYMONO-
SULPHATE

Fig. 1. The design of
the study. Fifty military
recruits, 19-24 years
old, were arbitrarily
allocated to one of two
experimental groups of
25 persons each. A
double-blind cross-over
design was followed.
0.2% chlorhexidine
and 1%
peroxymonosuifate
(oxidizing agent) were

used as test solutions
and 0.2%
chlorhexidine and
distilled water as
control.

After the first rinsing series, only 6 par-
ticipants from group 1 (CH-PMS) showed
any discoloration at all (Table 1), whereas
in group 2 (CH-Aq.dest.) 12 participants
developed cosmetically disturbing discolor-
ations on their teeth (scores 2 or 3) (Table
1). Their mean plaque index values were
almost identical, 0.4 versus 0.5. One par-
ticipant withdrew from group 2 during this
rinsing period owing to mononucleosis.

After a rest period of 1 week and a
cross-over change of the rinsing regimes the
following results were obtained.

In group 1, now rinsing with CH-Aq.
dest., nine persons presented staining index
score 2 or 3, and only seven were totally free
from extrinsic tooth discolorations. In group
2, rinsing with CH-PMS, only one subject
developed an esthetically disturbing dis-
coloration (score 2). The accumulation of
plaque was again almost identical, indicated
by mean plaque index values of 0.5 for both
groups. Fig. 2 gives an overall impression of
the consistently low plaque index values in
both groups, varying between 0.4 and 0.5,
and the effectiveness of PMS in reducing
staining. The information given in Fig. 2 is
based on mean index values. Statistical test-
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Fig. 2. Staining and plaque index values for the experi-
mental groups. Mean staining index values are given
above and plaque index values below the x-axis. The
pre-experimental situation is indicated to the left. In
the first series group 1 used 0.2% chlorhexidine and 1%
peroxymonosulfate, and group 2 used 0.2% chlorhexi-
dine and distilled water rinsing twice daily for 14 days.
In the second series the procedures were interchanged
between the two groups.

Table 1. Staining and plaque index values
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ing of the results revealed a significant dif-
ference in extrinsic discoloration induced by
the two rinsing procedures (p <0.01).

On the basis of the discoloration situation
after rinsing with CH-Aq.dest., ‘stainers’
and ‘non-stainers’ were grouped for com-
parison of plaque accumulation. Mean
plaque index values were lower among
‘stainers’ than ‘non-stainers’ after both
rinsing series.

A questionnaire revealed that smoking
and tea-drinking were more frequent among
‘stainers’ than ‘non-stainers’. No differences
could be found with regard to food habits
or the consumption of coffee or red wine
(Table 2).

Discussion

In a previous preliminary study of selected
dental students, an oxidizing peroxymono-
sulfate compound was the most promising
agent tested for prevention of extrinsic tooth
discoloration (16). This ability to reduce the
discoloration tendency with maintenance of
the plaque-preventive effect of chlorhexi-
dine has been confirmed in the present more
extensive field study.

The results show a statistically significant
difference in discoloration scores when com-
paring the results for chlorhexidine with or
without an additional peroxymonosulfate
rinse. Peroxymonosulfate does not seem to

Mean PL.I. values

Staining (St.I. 0-3) scores

Group 1 Group 2 Group 1 Group 2
Mean SD Mean SD 0 1 2 3 0 1 2 3
Pre-experimental 1.4 0.4 1.3 0.6 25 0 0 0 25 0 0 0
1st series 0.4 0.2 0.5 0.3 19 3 3 0 6 6 9 3
2nd series 0.5 0.3 0.5 0.3 7 9 7 2 17 6 1 0

Mean plaque index values with standard deviation (SD) and the distribution of staining index scores
are given for both groups. In the first series group 1 rinsed with 0.2% chlorhexidine and 1%
peroxymonosulfate while group 2 acted as control (0.2% chlorhexidine and distilled water). In the
second series the rinsing regimes were interchanged between the two groups. The difference in
discoloration tendency is statistically significant (p <0.01, Wilcoxon signed rank test for matched pairs).
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Table 2. Discoloration and oral intake of various substances

Staining index 2-3,

Staining index 0-1,

no. =21 no. =26
Smokers 9 3
Tea drinkers 10 3
Coffee drinkers 8 7
Red-wine drinkers 0 0

Drinking and smoking habits are correlated with the discoloration status.
Persons with staining index values 2 and 3 (no. = 21) and 0 and 1 (no. = 26)
were grouped together. Two participants did not answer the questionnaire.

influence the plaque-preventive capacity of
chlorhexidine.

The scores presented here (Table 1, Fig.
2) are based on the clinical examination.
The discoloration was also evaluated on the
basis of coded color photographs. A com-
parison of the results revealed only minor
differences (3).

The investigation shows that only five per-
sons developed severe staining (score 3),
whereas about half of the participants dem-
onstrated cosmetically disturbing discolor-
ations during the investigation. This supports
the results of previous chlorhexidine inves-
tigations. Only one participant developed
more discoloration in connection with the
use of peroxymonosulfate (score 1 to 2),
whereas this oxidizing compound reduced
the discoloration tendency in 29 participants.
No difference was registered among the
remaining 19.

The mean plaque scores for the two groups
were almost identical after completion of the
two different rinsing regimes, varying
between 0.4 and 0.5. The level of plaque
prevention is in accordance with results from
other chlorhexidine rinsing experiments (4).
The lower plaque index values detected
among ‘stainers’ indicate that staining may
be associated with the plaque-preventive
effect of chlorhexidine.

The etiology of these extrinsic tooth dis-
colorations are not fully understood, but sev-
eral theories have been suggested. It has
been shown that chlorhexidine may retain
organic dyes (7) and react with various
organic substances, forming strongly colored
products (9). Chlorhexidine may also cata-
lyze organic browning reactions, which are

likely to occur in the oral cavity (10).
Although chlorhexidine retention may take
place directly to hydroxyapatite (7), inves-
tigations have indicated that pretreatment
with saliva enhances the accumulation of
extrinsic discolorations (12). Clinically,
these discolorations are located along the
gingival margins, in interproximal regions,
and lingually on the mandibular incisors—
protected areas where organic integuments
tend to accumulate undisturbed. It is further
observed that these discolorations tend to
develop in connection with various chemical
agents preventing plaque formation and that
they disappear by introducing agents reduc-
ing their plaque-preventive capacity (16).
These observations point to the acquired
pellicle as a major site for extrinsic tooth
discolorations.

Denaturation of a protein will increase its
stainability (6). Both chlorhexidine and
other chemical plaque-preventive agents are
strong denaturants. Beverages such as tea
and red wine, frequently associated with
tooth discoloration (1), contain substantial
amounts of tannins, which also are protein
denaturants. Denaturation causes disorgan-
ization of a protein by splitting up S-H
groups. This makes sulfate available as a
reactant. Heyden (5) suggested a close cor-
relation between the discoloration tendency
and the presence of sulfate groups.

It has further been shown that discolored
pellicle contains high amounts of iron (11),
and this is also detected from brownish-black
integuments naturally occurring in the den-
tition (13).

Many iron salts are heavily colored, but
both ferric sulfate and ferric phosphate
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(phosphate ions are readily available on the
tooth surfaces) are white or grayish-white
(8). This may explain why an oxidizing agent
such as peroxymonosulfate acts as a bleach-
ing agent: both ferric sulfate and ferric
phosphate represent oxidized states of these
elements. The general bleaching capacity of
oxidizing substances is also well known.

The peroxymonosulfate used is a potent
oxidizing compound used for various bleach-
ing purposes. The toxicity of the compound
is stated as low, but at present the biological
testing is not extensive enough to obtain
general acceptance for it as a therapeutic
agent for oral use.

On the basis of the questionnaire, smoking
and tea consumption seem to be more fre-
quent among subjects developing extrinsic
tooth discolorations. However, many devel-
oped these discolorations without smoking
or drinking tea, and, on the other hand,
some participants with these habits did not
present with discolorations. It is therefore
concluded that smoking and tea consump-
tion are predisposing factors but that no
absolute relationship exists between these
habits and extrinsic discoloration of teeth.
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