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The aim of the present clinical double-blind crossover study was to investigate the effect of two different
toothpaste detergents, sodium lauryl sulfate (SLS) and cocoamidopropyl betaine (CAPB), as compared
with a detergent-free paste, on 30 patients with frequent occurrences of recurrent aphthous ulcers. The
study consisted of three 6-week periods during which the patients brushed twice daily with the different test
toothpastes. The localization and number of new ulcers were assessed. A significantly higher frequency of
aphthous ulcers was demonstrated when the patients brushed with an SLS- than with a CAPB-containing
or a detergent-free placebo paste. An SLS-free toothpaste may thus be recommended for patients with
recurrent aphthous ulcers. [ Dentifrices; oral mucosa; stomatitis, aphthous; toothbrushing
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The etiology of recurrent aphthous ulcers (RAU) 1s
unknown, and no therapeutic methods are available for
permanent cure of this disease. Etiologic considerations
based on local and systemic factors have been reported
(1). Inheritance (2), nutritional and hematinic deficien-
cies (3, 4), hypersensitivity reactions (5), menstrual cycle
{6}, psychologic stress (7), and trauma of the oral tissues
{8) are factors that have been associated with RAU.
Attempts to manage RAU, with its apparently multi-
factorial etiology, serves only to ameliorate the pain
from the ulcers. The symptoms can be reduced, but
there 1s still no reliable and safe means of preventing
recurrences (9). Topical or systemic steroids seem to
provide the best long-term management for patients
with RAU (10).

In a preliminary study (11) it was shown that patients
with RAU obtained a 60% reduced frequency of new
ulcers when brushing with a detergent-free toothpaste
compared with a standard 1.2% sodium lauryl sulfate
(SLS)-containing toothpaste. The anionic lauryl sulfate
is a widely used toothpaste detergent, and it is a strong
denaturing agent (12).

Fiores de Jacoby et al. (13) reported a reduction of
the keratinization of human oral epithelium caused by
a 7.9% anionic toothpaste detergent, probably due
to rupture of intercellular junctions. However, the
authors concluded that there was no cytotoxic effect
of anionic detergents at concentrations between 1.0%
and 1.5%.

Riethe (14) also indicated that the harmful effect of
anionic detergents depends on their concentration and,
therefore, concluded that a general precaution against
the use of these detergents was not necessary.

Siegel & Gordon (15) observed an increased perme-

ability in rat oral mucosa to both oil-soluble and water-
soluble molecules when 0.1% or 1.0% SLS was present.
They observed a widening of the stratum corneum due
to separation and loss of surface epithelial layers.

In a study by Koch (16) an amelioration in 90% of
the participants was observed when 207 RAU patients
brushed with an enzyme-containing toothpaste (Zen-
dium). A marked reduction in number of aphthous
ulcers and a relieving effect were reported. It was
suggested that the enzymes amyloglucosidase and
glucose oxidase activate the lactoperoxidase-thiocyanate
system in saliva, and, by suppressing streptococci, the
toothpaste may give relief to patients with RAU. A
control group was not used, and the observations could
well have been a placebo effect. Another possibility is
that the enzyme toothpaste described above contains a
non-ionic detergent, stearylethoxylate, instead of SLS.
Donatsky (17) et al. used the same toothpaste (Zendium)
and included a true placebo without the enzymes in
patients with RAU; they reported no effect on disease
severity by these enzymes. Henricsson & Axéll (18) also
reported no significant difference between the use of
Zendium and a placebo toothpaste without the
enzymes.

Cocoamidopropyl betaine (CAPB), a zwitterionic
detergent with a C12 alkyl chain, has recentdy been
included in toothpastes recommended for children.
Alkyloamidobetaines, such as CAPB, are considered to
be less irritating to skin and mucous membranes than
anionic detergents, such as SLS (19).

The aim of the present double-blind, crossover study
was to investigate the effect of toothpastes containing
these two detergents in patients with RAU. A detergent-
free toothpaste was used as a placebo.
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Table 1. Test toothpaste ingredients

Amorphous silica
Sorbitol syrup
Xanthan gum
Polyethylene glycol
Saccharine
Flavor
Titanium dioxide
Sodium monofluorophosphate
Sodium lauryl sulfate or
cocoamidopropyl betaine or neither detergent

Patients and methods

Thirty patients with RAU (mean age, 38 years; range,
12-67 years), 22 females and 8 males, participated in
this double-blind, crossover study. The disease had been
present in all participants for periods of 5 to 55 years
(mean, 24 years), and all patients had frequent
occurrences of ulcers. The test panel was selected from
volunteers who responded to a newspaper advertise-
ment requesting patients with RAU. Volunteers with
systemic diseases, with use of drugs affecting the oral
mucosa, or with other chronic oral diseases were not
admitted. Detailed information on the study plan was
given, and informed consent was obtained from each
participant. They were requested not to take any other
treatment for oral ulcers during the entire study period.
The protocol was reviewed and approved by the Local
Ethics Committee for medical research. Diagnosis was
made on the basis of the clinical appearance and the
patient history, using the criteria suggested by Gayford
& Haskell {20). Only patients with at least one aphthous
ulcer during a 6-week period were accepted. During this
period, all the patients brushed their teeth with a 1.5%
SLS-containing toothpaste, which was comparable to
toothpastes on the market. An wulcer registration
calibration was performed during the 6-week period
by both the patients and the examiner.

Hematologic examinations were performed on each
patient to rule out any hematinic deficiency which may
influence their aphthous status and included the
following estimations: hemoglobin, hematocrit, leuko-
cyte differential, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), s-iron, total
iron-binding capacity (TIBC), vitamnin By, s-folate, and
e-folate. More than half of the patients (53 %) reported a
history of atopic disease, like asthma, rhinitis, or
dermatitis. A positive correlation between atopy and
RAU has previously been reported (21). Twenty-one
participants (70%) had a positive family history of RAU.
This corresponds to a study by Pongissawaranun &
Laohapand (22) recorded in a population of dental
patients.

Three toothpaste formulations, differing only in the
nature of the detergent, were used in the study (Table
1). The toothpastes contained either an equimolar
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concentration of SLS (1.5%) or CAPB (1.9%) or were
detergent-free. After the 6-week calibration period, a
detergent-free toothpaste was used for 1 week. The
participants were allocated at random to one of six
possible usage sequences. The study consisted of three
test periods of 6 weeks’ duration, during which the
patients used the three different test toothpastes.
Between the tests a 1-week brushing with a detergent-
free paste was included. All toothpastes were tested on
each patient, and each participant served as his/her
own control. The test panel brushed their teeth with
each toothpaste twice daily and refrained from using
other dental hygiene products, rinses, or drugs that
could alleviate symptoms from the aphthous ulcers
throughout the trial period. However, dental floss was
permitted. The patients were informed not to change
diet, lifestyle, or smoking habits during the trial. Data
acquisition throughout the study included combined
clinical scoring with detailed patient diaries. Clinical
examination was conducted at least every other week by
the same clinical examiner. The incidence of illnesses or
drugs used, the number and localization of ulcers, and
the condition of the oral mucosa were assessed at each
examination. Instruction and guidance in the use of
diaries were given, and the participants practiced this
during the initial calibration period. The patient diary
contained ‘a map’ of the mouth; this facilitated daily
recording of localization and number of new ulcers and
made it easier to differentiate between old and new
ulcers. The diaries were collected and replaced by new
ones at weekly or biweekly clinic visits throughout the
whole trial. The variable for assessing differences
between the toothpastes was the number of new ulcers
occurring during a test period.

Statistical analysis

Friedman’s non-parametric test was applied to assess
evidence of overall differences in the number of new
ulcers between the three groups, followed by the non-
parametric Wilcoxon matched-pairs signed-ranks test
for differences between any pair of experimental

groups.

Results

Blood screening showed no abnormal values requiring
hematologic adjustments.

Five of the 30 patients in the study were excluded. Of
the five patients, one became pregnant during the trial,
two initiated systemic prednisone therapy to alleviate
painful oral ulcers, one subsequently was diagnosed as
having Behget’s syndrome, and the last had too many
ulcers to count (>40 on one examination, herpetiform
type). None of exclusions were associated with usage of
any specific toothpaste.

The mean numbers of aphthous ulcers during the
three different experimental test periods are shown in
Fig. 1. Brushing with the 1.5% SLS-containing tooth-
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Fig. 1. Mean number of aphthous ulcers with standard error of the means (SEM) during three different 6-
week test periods during which the patients brushed their teeth with toothpastes containing either of the
two detergents sodium lauryl sulfate (SLS) or cocoamidopropyl betaine (CAPB) compared with a

detergent-free placebo toothpaste.

paste gave the highest number of occurrences, with a
total of 334 ulcers during this 6-week period. The range
of new ulcers varied; 3 patients had only a few (3-5) m
all 3 test periods, and 9 had at least 10 in each period.
Yet, irrespective of the ulcer prevalence, the ranking
order of the products within each patent was generally
consistent with the overall result. The ulcers were
localized to non-attached oral mucosa. Both detergent-
free and 1.9% CAPB-containing toothpaste reduced the
frequency of ulcers significantly by 46% and 32%,
respectively, compared with the SLS-containing paste
{p < 0.0002). The detergent-free toothpaste caused
significantly fewer (p < 0.002) ulcers than the 1.9%
CAPB, which in turn caused significantly fewer
{p < 0.0002) ulcers than the 1.5% SLS toothpaste.
Twenty-four (96%) and 18 (72%) patients benefited
from using detergent-free toothpaste compared with
SLS-containing or CAPB-containing pastes, respec-
tively. Nineteen subjects (76%) benefited from using
CAPB-containing toothpaste compared with SLS-con-
taining paste. Three patients were ulcer-free, two
during the surfactant-free period and one during the
CAPB period.

During the SLS period seven participants (28%) also
showed 2 marked oral epithelial desquamation (Fig. 2).

Dascussion

In the present study the effect of an SLS-containing, a
CAPB-containing, and a placebo toothpaste on the
frequency of RAU was examined in a double-blind,
crossover trial involving 30 patients. The recurrence of
aphthous ulcers was significandy higher when the

patients brushed their teeth with an SLS-containing
than with a CAPB-containing toothpaste or a detergent-
free control paste. This was probably due to the
difference in toothpaste detergents. These findings
confirmed those of a previous preliminary study (11)
involving 10 patients, in which a detergent-free tooth-
paste significantly reduced the mean number of
aphthous ulcers compared with an SLS-containing
paste.

In a previous double-blind crossover study (23),
epithelial desquamation of the oral mucosa was shown
in 6 of 10 subjects who were exposed to SLS-containing
toothpaste. In that trial a cap splint was used to apply
toothpaste to the mucosal tissues. In the present study
patients with RAU brushed their teeth with toothpaste
In an ordinary manner. Despite this, marked oral
epithelial desquamation was observed in the present

Ry &

Fig. 2. Oral epithelial desquamation and an aphthous ulcer in a
patient with recurrent aphthous ulcers (RAU) during the sodium
lauryl sulfate test period. Small arrows point at epithelial desquama-
tion. Big arrow shows the aphthous ulcer.
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study in seven patients using SLS-containing toothpaste,
and this desquamation was clinically similar to the
desquamation observed in the previous study (23)
(Fig. 2).

Flores de Jacoby et al. (13) and Riethe (14) concluded
in their studies that concentrations of anionic detergents
between 1.0% and 1.5% were without harmful effects
on the oral mucosa. However, the present study
demonstrated a clinically adverse effect of a 1.5%
SLS-containing toothpaste on RAU. This concentration
is within the most widely used concentrations of SLS in
commercially available toothpastes (ranging from 0.5%
to 2.0%). Siegel & Gordon (15) observed a widening of
the stratum corneum due to separation and loss of
surface epithelial layers after treatment of rat oral
mucosa with 0.1% and 1.0% SLS. This may explain the
findings of the present study, because trauma of the oral
mucosa is known to be a predisposing factor in the
pathogenesis of RAU (8). SLS may also damage the
mucin layer, which protects the oral epithelium, by
denaturing its glycoproteins. The oral mucosal barrier
function may thus be impaired, and the epithelium may
be more exposed to irritating agents or allergens. This
may, in susceptible individuals, result in an increased
incidence of aphthous ulcers. It seems logical to reduce
the local irritating effect on the cral mucosa of patients
with RAU. The difference in effect of the two detergents
on RAU patients may be related to differences in
physical properties of the detergent molecules. Surface-
active betaines, like CAPB, do not have the strong
protein-denaturing effects of anionic detergents, like
SLS (24). A difference in critical micellar concentrations
(CMQ) of SLS (8 mM) and CAPB (2 mM) in aqueous
solutions may play a role. The monomer concentration
of a detergent is thought to be important with regard to
the irritating effect of detergents on skin and on mucous
membranes (25). Thus, the zwitterion CAPB is less
irritating to the oral mucosa than SLS. This could
explain the findings both in the present study and in a
previous study in which 28 subjects using a CAPB-
containing toothpaste presented only 3 desquamative
reactions of the oral mucosa, as opposed to 42 with an
SLS-containing paste (26). The detergent-free tooth-
paste did not cause desquamation either in a previous
study (23) or in the present one. It seems justified to
recommend an SLS-free toothpaste to patients with
RAU.
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