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Is there a role of toot
hpastes in the development of
recurrent aphthous stomatitis? A prospective controlled

clinical trial with skin patch testing

Hatice Kaya Ozden, MD,a and Ayse Adin Selcuk, MDb
Objectives. The oral mucosa is exposed to a large number of antigenic agents contained in toothpastes. These agents are reported

to stimulate recurrent aphthous stomatitis (RAS) pathogenesis, and toothpastes that do not contain probable allergenic substances

reduced the number and frequency of aphthous ulcers. We aimed to determine whether the skin patch test (SPT) can be used to

determine if toothpaste allergens play a role in the etiology of RAS.

Study Design. Sixty-three patients with RAS and 47 healthy volunteers were skin patch tested with sodium lauryl sulfate, cocami-

dopropyl betaine, propylene glycol, aluminum chloride hexahydrate, menthol, triclosan, and titanium dioxide, which are present

in most of the toothpastes. Fisher’s exact test and the Yates chi-square test were used to compare categorical variables and patch

test results between 2 groups.

Results. The SPT was positive in 8 (22.2%) patients with RAS and 11 (23.4%) control subjects, and the difference between the

groups was not statistically significant (P< .05). Sodium lauryl sulfate, titanium dioxide, and menthol were the most common pos-

itive allergens in both groups.

Conclusions. Allergens in toothpastes did not appear to stimulate the formation of RAS. However, in order to determine a clearer

relationship, a study in a larger patient series employing intraoral patch testing with more toothpaste ingredients is suggested.

(Oral Surg Oral Med Oral Pathol Oral Radiol 2021;131:43�48)
Recurrent aphthous stomatitis (RAS) is a frequently

seen disorder of the oral mucosa, characterized by

chronic ulcerations. It affects approximately 20% of

the population.1 RAS clinically presents with oval

ulcers of different sizes, consisting of a yellowish white

central fibrinous exudate surrounded by an erythema-

tous halo. There are 3 clinical subtypes of RAS accord-

ing to their size; approximately 85% of all cases of

RAS have minor (<1 cm diameter), 10%-15% have

major ulcers (>10 mm), and 5%-10% have herpetiform

ulcers (1-2 mm, multiple ulcers) RAS. The ulcers are

usually located in nonkeratinized regions, such as the

buccal mucosa.2 The etiopathogenesis is not clear.

Researchers have reported genetic, hormonal, psycho-

genic, traumatic, infectious, autoimmune, and gastroin-

testinal conditions (celiac disease, Behçet disease);

dietary factors; and hypersensitivity.2,3

The oral mucosa is exposed to a wide variety of anti-

gens.4 A number of studies have investigated the role of

various agents, including food additives, benzoic acid,4,5

sodium lauryl sulfate (SLS), cocamidopropyl betaine

(CAPB),6-8 nickel,9 potassium dichromate,10 fragrance

mix 1, cinnamic alcohol,11 triclosan, and propylene gly-

col12 in the etiopathogenesis of aphthous lesions.4-15 Sev-

eral histopathological studies demonstrated the role of type
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IV hypersensitivity reactions in RAS related to exogenous

antigens. These studies reported that cytotoxic CD8 T lym-

phocytes were increased in number in oral ulcers and

injured oral epithelium by the release of various cytokines,

and this was demonstrated with skin patch tests (SPTs).5,10

The SPT is the gold standard diagnostic method employed

to detect the responsible exogenous antigens contacting

skin and causing allergic skin reactions.10

Toothpastes are the most frequently consumed oral

hygiene products by people in all age groups. They

contain a number of chemicals, including abrasives,

detergents, humectants, antibacterials, fluoride salts,

coloring agents, flavors, and thickeners. SLS,6 CAPB,

titanium dioxide, propylene glycol, aluminum chloride

hexahydrate (ACH), menthol, and triclosan are the sus-

pected allergens found in the toothpastes.12-15 No stud-

ies to date have investigated the role of toothpastes in

the etiology of RAS using a wide SPT panel, after opti-

mum elimination of the other potential factors in the

etiology of the disorder. To our knowledge, our present

study is the first in the literature to investigate the role

of toothpaste allergens in RAS etiology employing

SPT. In our study, to provide a homogeneous group,

only patients with minor RAS were examined.
Statement of Clinical Relevance

The role of toothpaste allergens in recurrent aph-

thous stomatitis etiology has been observed using a

skin patch test, and haptens in the toothpastes do not

play a role in type IV hypersensitivity reactions in

the development of aphthous stomatitis.
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Table I. Haptens found in toothpastes, their functions,

and their vehicles

Hapten Function % Vehicle

SLS Cleanser: Antiplaque;

it foams, making it

difficult for the den-

tal plaque and other

accumulated sub-

stances to attach to

the tooth surface,

and in this way it

dissolves them.

0.25 Water

CAPB Detergent: cleanser 1 Water

Titanium dioxide White, opaque color-

ing agent

10 Petrolatum

Propylene glycol Provides viscosity 5 Water

Aluminum chloride

hexahydrate

Corrosive, antitartar

property or polisher

2 Petrolatum

Menthol Flavoring 2 Petrolatum

Triclosan Antiseptic agent 2 Petrolatum

Abbreviations: CAPB, cocamidopropyl betaine; SLS, sodium lauryl

sulfate.
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MATERIALS ANDMETHODS
This study was conducted in 63 patients with minor

RAS admitted to a dermatology clinic between January

2015 and March 2018 and 47 healthy volunteers. The

patients with RAS included in the study were older

than 18 years of age; had more than 3 RAS attacks/

year; did not have any positive family history or any

chronic disorder that may lead to oral ulcerations such

as Behçet disease or inflammatory bowel disease; did

not have anemia due to iron, vitamin B12, or folate defi-

ciency; and were not pregnant or breastfeeding or diag-

nosed with allergic contact dermatitis or an atopic

diathesis. SPT was performed in all patients and con-

trol subjects. The exclusion criteria were the presence

of the factors that exacerbated patients’ complaints (eg,

stress, menstruation, food, use of medications, mucosal

trauma), smoking, and dental treatment (tooth filling,

implant) in the previous year. The control group con-

sisted of 47 healthy volunteers older than 18 years of

age and without any history of RAS, systemic disor-

ders, or atopic diathesis. Sixteen patients who had

active dermatitis and were using systemic antihist-

amines, nonsteroidal anti-inflammatory drugs, topical

corticosteroids, systemic corticosteroids, or immuno-

suppressive agents for various reasons were not been

tested were excluded from the study. The remaining 47

patients were included in the study. Nine were

excluded due to the displacement of allergen patches

owing to water contact, friction, or other reasons, and 2

patients were excluded because we learned that they

were receiving antihistamines. The study was com-

pleted with 36 patients and 47 control subjects, and

their results were included in the statistical analysis.

The study protocol was approved by the Cosmetic

Ethics Committee (MU, 2018/8). Informed consent

was obtained from all participants before beginning the

study. The study was funded by the Scientific Research

Project Fund of the University of Health Sciences.

The demographic data and the clinical findings (fre-

quency, duration, number and localization of oral aph-

thous ulcers, and recovery time) of the patients diagnosed

with RAS were recorded. Complete blood count; serum

iron level; iron-binding capacity; and ferritin, zinc, folate,

and vitamin B12 levels were obtained. The ingredients of

the toothpastes used by the participants were recorded.

The SPT allergens covered all of the substances investi-

gated in the toothpaste formulations.

Application of SPT
In our study, a total of 7 allergen haptens were used in

SPTs (Chemotechnique MB Diagnostics AB, Vellinge,

Sweden). They were SLS, CAPB, propylene glycol,

ACH, menthol, triclosan, and titanium dioxide, which are

the most common ingredients of toothpastes16 with high

allergenic potential. The selected hapten concentrations
minimized the possible irritant reactions. The properties,

concentrations, and functions of each hapten in tooth-

pastes are presented in Table I. The haptens were placed

on 1 cm2 blotting paper, or the blotting paper was impreg-

nated with the hapten with the help of a plastic syringe,

and the paper was adhered to the participant’s back using

a hypoallergenic, watertight plaster (IQ Ultimate; Chemo-

technique MB Diagnostics). The second author evaluated

the SPT results 48 hours after the application in a single-

blind way in accordance with the scheme proposed by

the International Contact Dermatitis Research Group 30

minutes, 72 hours, and 96 hours after removal of the skin

patches (Table II).17 All negative (�) and suspicious posi-

tive (?, +) reactions were regarded as negative, whereas

all reactions with erythema and induration (+, ++, +++)

were regarded as positive. The reactions that started at

the 48th hour and regressed at the 72nd hour were consid-

ered as irritant reactions, and the reactions that remained

the same or became more severe at the 72nd hour were

considered as positive.
Statistical analysis
Statistical analysis was conducted using IBM SPSS

version 20.0 software (IBM Corp., Armonk, NY,

USA). The minimum sample size was determined as

42 control subjects and 42 patients for the power analy-

sis (a error = 0.05; effect size = 0.8; power = 0.95). The

normality of the data distribution was analyzed with

the Shapiro-Wilk test. Nonparametric continuous vari-

ables were presented as medians (25th-75th percen-

tiles). Categorical variables were presented as

frequency and percent. The difference between the

groups was analyzed with the Mann-Whitney U test for



Table II. Grading of patch test results according to

International Contact Dermatitis Research

Group recommendations17

Symbol Morphology Evaluation

� No reaction Negative reaction

?, + Faint erythema only Doubtful reaction

+ Erythema, infiltration,

possibly papules

Weak positive reaction

++ Erythema, infiltration,

papules, vesicles

Strong positive reaction

Table IV. Patch test results of the participants

Haptens used in

patch testing

Patients, n (%) Control subjects,

n (%)

P value

8 (22.2) 11 (23.4) 0.899

SLS 2 (5.6) 4 (8.5) 0.606

CAPB 2 (5.6) 2 (4.3) 0.784

Titanium dioxide 2 (5.6) 4 (8.5) 0.606

Propylene glycol 1 (2.8) 2 (4.3) 0.721

Aluminum chlo-

ride hexahydrate

1 (2.8) 0 0.250

Menthol 2 (5.6) 4 (8.5) 0.606

Triclosan 2 (5.6) 2 (4.3) 0.784

Abbreviations: CAPB, cocamidopropyl betaine; SLS, sodium lauryl

sulfate.
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numerical variables that do not have a normal distribu-

tion. Fisher’s exact text and the Yates chi-square test

were used to compare categorical variables and SPT

results between 2 groups. Statistical significance was

set at P < .05.
RESULTS
We included 36 patients with RAS (8 males, 28

females) and 47 healthy control subjects (18 males, 29

females). The mean ages of the patient and control

groups were 26.6 § 7.59 (18-43) and 24 § 4.67 (18-

35) years, respectively. The gender distributions of the

study and control groups were 77.8% females/22.2%

males and 61.7% females/38.3% males, respectively.

Both groups showed homogeneous distributions in

terms of age and gender (P > .05). The frequency and

localization of aphthous ulcers and age of onset are

presented in Table III. The study and control groups

did not show any significant differences in terms of

serum iron, total iron-binding capacity, ferritin, folic

acid, or vitamin B12 levels (P > .05).
Table III. Demographic characteristics and laboratory result

Patients

Number (N = 83) (%) 36 (43.4)

Gender 8 M/28 F

Age, years, mean § SD 26.6 § 7.5

Frequency of aphthous lesions, n (%)

3-6 times/year 15 (41.7)

>6/year 21 (58.3)

Healing time, days, median (25th-75th percentiles) 8 (7-11.5)

Location Lower lip

Buccal mu

Tongue, 8

At least 2

Age of onset, years, median (25th-75th percentiles) 17.5 (15-2

Duration since onset, years, median (25th-75th percentiles) 6 (3-10)

Serum iron level, median (25th-75th percentiles) 75 (50-98

TIBC, median (25th-75th percentiles) 330 (307-

Ferritin, median (25th-75th percentiles) 31 (9-49.8

Folic acid, median (25th-75th percentiles) 8.6 (5.3-9

Vitamin B12, median (25th-75th percentiles) 342 (292-

Abbreviations: N, number of the participants, M male, F female, TIBC: Tota
The results of SPT were positive in 8 (22.2%)

patients with RAS and 11 (23.4%) control subjects,

and the difference between the groups was not statisti-

cally significant (P > .05). The SPT results of the par-

ticipants are summarized in Table IV. An irritant

reaction was not detected in any of the participants.

Of the 19 participants with positive SPT results, 11

(57.9%) were males and 8 (42.1%) were females, and

there was a statistically significant difference between the

genders (P = .01). When aphthous ulcer frequency was

grouped as 3-6 and >6 per year, no difference was found

between the 2 groups in terms of patch test results (P >

.05). SLS, titanium dioxide, and menthol were the most

common positive allergens in both groups.
DISCUSSION
Toothpastes are the most frequently used oral hygiene

products in all age groups. They contain a number of

chemicals, including abrasives, detergents, humectants,
s of the participants

Control subjects P value

47 (56.6)

18 M/29 F 0.11

9 24 § 4.67 0.10

, 22.2%

cosa, 13.9%

.3%

different locations, 55.8%

2)

.7) mg/dL 85 (57-108) mg/dL 0.23

376) mg/dL 350 (304-380) mg/dL 0.57

) ng/mL 30.4 (10-52) ng/mL 0.46

.9) ng/mL 7.7 (6-9.9) ng/mL 0.92

424) pg/mL 356 (307-429) pg/mL 0.57

l iron binding capacity.
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antibacterials, flavors, and thickeners.6,7 Those sub-

stances, which are frequently used in daily life, may

cause allergic sensitization. Histopathological studies

revealing the role of type IV allergic reactions against

exogenous antigens in RAS etiology reported that cyto-

toxic CD8 T lymphocytes were increased in ulcerated

lesions, and these lymphocytes injured the oral epithe-

lium, as demonstrated with SPT.5,10,14 However, only a

few evidence-based studies reported that some substan-

ces in toothpastes stimulated RAS pathogenesis, and

toothpastes that do not contain probable allergenic sub-

stances reduced the number and/or frequency of aph-

thous ulcers.18

Some vitamins and hematological parameters have

important roles in epithelial keratinization and collagen

synthesis, and the relationship between RAS and their

deficiencies is well known. Sun et al19 found signifi-

cantly lower folic acid, vitamin B12, iron, and hemo-

globin levels in patients with RAS than in healthy

individuals. Porter et al20 reported that 40% of patients

with RAS had low levels of serum ferritin; the cause in

half of them was not investigated, and those patients

were not directed to the relevant specialist(s). It was

also stated that vitamin B12 and ferritin levels should

be checked routinely in patients with RAS.20 There-

fore, to evaluate the effect of toothpastes on RAS in

our study, the study and control groups were analyzed

in terms of all aforementioned hematological parame-

ters. Levels of these parameters were within the normal

limits, and they were distributed homogeneously.

In a study in which 85 allergens were examined with

SPTs in 331 patients with multiple oral mucosal disor-

ders, including RAS, the most common allergens

reported were preservatives, metals, and fragrances.14

Zirwas et al11 examined 80 toothpaste formulations

and reported that the most noticeable allergens were

menthol among the fragrances; CAPB used as a surfac-

tant and antimicrobial; and triclosan, SLS, and propyl-

ene glycol used as preservative agents. SLS is an

anionic detergent that has been used as an antibacterial

surfactant for many years, providing easy dispersion of

toothpaste in the mouth. However, it may lead to the

development of ulcers by disrupting the intercellular

junctions in the oral mucosa, decreasing the keratiniza-

tion index, or disrupting the protective mucin barrier

with glycoprotein denaturation when used in high con-

centrations and repetitively.6 Shim et al6 compared

toothpastes containing 1.5% SLS and no SLS and

reported that those without SLS significantly reduced

ulcer duration and pain score; however, they did not

affect the number and frequency of the ulcers. Healy

et al15 performed a double-blind cross-sectional study

and reported that use of toothpastes without SLS did

not result in any significant change in ulcer patterns,

including frequency, duration, and pain. A review
published in 2019 reported that there were not enough

data to determine whether SLS-free toothpastes

reduced ulcer duration, frequency (episode), pain, or

number.18 In our study, no statistically significant dif-

ference was found between the RAS and control groups

in terms of positive skin patch reactions for SLS (P >

.05). The difference of our study from previous studies

is that it is the first study to investigate allergen sensi-

tivity at a standardized SPT concentration of SLS

0.25% in patients with RAS.

Lawrence et al13 and Zirwas et al11 have emphasized

the importance of antibacterial and antiplaque effects

of triclosan, SLS, and propylene glycol in the tartar-

protective toothpastes, and they reported that those

substances might cause ulceration in the mucosa with a

type IV hypersensitization. Skaare et al21 examined 19

healthy individuals, applied a toothpaste containing tri-

closan/SLS and zinc and another one containing triclo-

san/SLS and propylene glycol directly to the skin with

occlusion, and reported that the latter was a greater irri-

tant. In our study, no statistically significant difference

was found between the RAS and control groups in

terms of SPT results of propylene glycol and triclosan

(P > .05). This may be due to differences in test meth-

ods and different concentrations of allergens among

studies. In other studies, irritant effects were caused by

the application of toothpastes to the skin with direct

occlusion. However, the type IV hypersensitivity reac-

tion that seemed to occur with the application of stan-

dardized allergens at certain concentrations in the form

of SPT was evaluated in our study.

CAPB is an amphoteric synthetic detergent, and it is

one of the most commonly used agents in toothpastes

owing to its antimicrobial and foaming effects and low

potency for irritation.11 However, in recent years, it has

been reported that it results in contact hypersensitivity

causing a delayed T-cell�mediated type IV hypersensi-

tivity reaction.8,11 Herlofson and Barkvoll7 investigated

the effect of 3 different toothpastes without SLS, CAPB,

and detergent on aphthous ulcers in 30 patients with

RAS. A much higher aphthous ulcer development fre-

quency was reported in patients using toothpaste contain-

ing SLS than in the other 2 groups. In our study, a

positive skin reaction for CAPB was found in only 4.8%

of the participants, and there was no significant difference

between the 2 groups. (P> .05).

Menthol is the most commonly used flavoring sub-

stance in toothpastes, and it has a potential for causing

allergy.11 Prasad et al22 reported that gums containing

menthol resulted in cytotoxicity and cell membrane

damage in the oral mucosa. Sainio et al23 reported that

among 48 allergens found in toothpaste formulations,

menthol and cinnamic aldehyde caused hypersensitiv-

ity reactions most frequently. We did not find any sta-

tistically significant difference between the study and
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control groups in terms of menthol hypersensitivity;

however, menthol positivity detected by SPT was

higher in the control group (5.6% vs 8.5%, respec-

tively). A number of studies reported that some con-

tents of toothpastes with whitening and antitartar

properties, such as peroxide, pyrophosphate, titanium

dioxide, and ACH, were highly associated with oral

mucosal irritation.24,25 Inasmuch as those antitartar

agents give a bitter taste to toothpastes, flavoring

agents such as menthol are added at higher concentra-

tions, and therefore these allergens are thought to have

an increased irritant effect together.26 The relationship

between RAS and toothpaste allergens was investi-

gated in our study with a much lower concentration,

where the irritant potential was minimalized. There

was no difference between 2 groups in terms of tita-

nium dioxide and ACH positivity on the basis of SPT

results, and no individuals in the control group had pos-

itive reactions for ACH.

Our study suggested that the type IV hypersensitivity

reaction to allergens in toothpastes does not play a role

in RAS pathogenesis. Various studies reported that

intraoral patch tests yielded significant results regard-

ing the relationship of oral mucosal diseases with orally

exposed nickel or food additives.5,27 However, the oral

mucosal patch test is not a standard method, and it has

limited use due to difficulties in its application. It has

been stated that it can be employed particularly in cases

of allergic contact stomatitis when the SPT result is

negative.28 Therefore, in order to determine a clearer

relationship, a study on a larger population employing

an intraoral patch test including other components of

the toothpastes is suggested. The allergens that are fre-

quently used in toothpastes were studied as much as

our budget allowed in this study. Some other important

potential allergens, such as stannous fluoride, L-car-

vone, balsam of Peru, cinnamic aldehyde, and benzoic

acid, were not assessed in the study. The absence of

these allergens in the study may be a limitation of our

study. We think that if the study had been conducted

with a larger panel, we would have been able to find

more meaningful values. In addition, rather than estab-

lishing a one-way relationship, individuals with posi-

tive SPT results may be followed up for clinical

improvement for 1 year after recommending an aller-

gen-free toothpaste.

CONCLUSION
RAS is a multifactorial condition, and it is an oral

mucosal disease that occurs due to a combination of

many factors. The relationship between RAS and

toothpaste allergens was evaluated in our study using

SPT, but it suggested that the type IV hypersensitivity

reaction to allergens in toothpastes does not play a role

in RAS pathogenesis.
The limitations of our study may be the inability to

exclude some causative factors (eg, food allergy, infec-

tious factors), although we tried our best to exclude

major factors in the etiology of RAS. The diagnosis of

RAS was established on the basis of clinical findings,

and autoimmune or infectious causes were not investi-

gated. In addition, we did not compare the aphthous

ulcer subtypes (major, minor, and herpetiform), did not

take the severity of SPT reactions into consideration,

and performed the study on patients with minor aph-

thous ulcers. Future studies should consider those limi-

tations in order to further enlighten the factors playing

a role in RAS etiology.
ACKNOWLEDGMENT
We thank Professor Dr. M€uge Ozcan, for diligent lan-

guage editing of the manuscript.
FUNDING
The study was funded by the Scientific Research Proj-

ect Fund of the University of Health Sciences (2018/

042).
REFERENCES
1. Scully C, Gorsky M, Lozada-Nur F. The diagnosis and manage-

ment of recurrent aphthous stomatitis: a consensus approach. J

Am Dent Assoc. 2003;134:200-207.

2. Schemel-Suarez M, Lopez-Lopez J, Chimenos-Kustner E. Oral

ulcers: differential diagnosis and treatment. Med Clin (Barc).

2015;145:499-503.

3. Saikaly SK, Saikaly TS, Saikaly LE. Recurrent aphthous ulcera-

tion: a review of potential causes and novel treatments. J Derma-

tolog Treat. 2018;29:542-552.

4. Wray D, Rees SR, Gibson J, Forsyth A. The role of allergy in

oral mucosal diseases. QJM. 2000;93:507-511.

5. G€ulseren D, Hapa A, Ersoy-Evans S, Elçin G, Karaduman A. Is
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