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Abstract
Background: Recurrent aphthous stomatitis (RAS) is one of the most common painful oral lesions of which
there is no certain treatment.
Objective: The aim of this study was to determine the effect of Chitosan mouthwash 0.5% on RAS.
Methods: This randomized double-blind crossover clinical trial was conducted at a dental school in Babol, Iran,
from 2015 to 2016. Twenty patients with a history of minor aphthous stomatitis were entered into this study. All
patients were initially monitored in the first episode without treatment, and then were randomly treated in three
other episodes with Chitosan, Triamcinolone or Biogel mouthwashes. The ulcer size and pain intensity by using
visual analogous score (VAS) were recorded in each episode. Data were analyzed by ANOVA and Tukey test.
We used SPSS version 20 to analyze data.
Results: The mean ulcer size on the fifth day (p=0.026, p=0.042, respectively) and VAS on the third and fifth
days (p=0.011, p=0.013, respectively) were significantly less in Triamcinolone and Chitosan groups than Biogel
and the no treatment episode. There were no significant differences between Chitosan and Triamcinolone groups
in the average ulcer size and pain intensity in all the examination days.
Conclusions: Chitosan mouthwash is effective on pain relief and reducing ulcer size of minor aphthous stomatitis
and this effect is almost the same as Triamcinolone mouthwash.
Clinical trial registration: The study was registered and approved by Iranian Registry of Clinical Trials
(http://www.irct.ir) with IRCT ID: IRCT2015030718753N2.
Funding: The study was funded by Deputy of Research and Technology of Babol University of Medical
Sciences (ref. no.: 9133625).
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1. Introduction
Recurrent aphthous stomatitis (RAS) is one of the most common painful oral conditions, which manifests as small,
multiple, recurrent, round or ovoid circumscribed ulcers with yellow or gray color (1). The prevalence of RAS
varies from 5 to 66%. Although the lesion is self-limiting, it causes pain and interferes with eating, speaking and
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swallowing so an efficient therapeutic strategy is required (2). There is no certain treatment for the recurrent
aphthous stomatitis, but topical and systemic medications can be used in its management (3). Topical agents include
anti-inflammatories, analgesics, antibiotics and corticosteroids. Triamcinolone acetonide is used in the form of
ointment in solitary ulcers and as mouthwash in multiple lesions (4). As corticosteroids are known to get absorbed
systemically even on topical application, they can lead to certain adverse reactions. So nowadays, herbal medicines
are gaining more attention due to their decreased side effects. Chitosan is a natural polysaccharide prepared from
deacetylation of chitin. Chitin is naturally found in the shell of crustaceans such as shrimp and crab (5). Chitosan has
many biological properties such as biocompatibility, biodegradability, lack of allergenicity (6), non-toxic (5),
renewable, film-forming ability and moisturizing (7). Chitin and Chitosan is said to have potent analgesic effects (8).
One of the main properties of polymer is its antimicrobial activity which acts against a variety of microorganisms
including viruses (7), fungi, bacteria and algae (9). There are many studies which show that Chitosan has analgesic
(8, 10) and wound healing (11, 12) effects. Since Chitosan has analgesic, wound-healing, non-toxic,
biocompatibility and biodegradable properties, the aim of this study was to evaluate the effect of Chitosan on oral
recurrent aphthous stomatitis and compare its effect with Triamcinolone.

2. Material and Methods
2.1. Research design and ethics
This randomized double-blind crossover clinical trial was conducted at a dental school in Babol, Iran, from 2015 to
2016. The trial was approved by the Ethics Committee of Research at Babol University of Medical Sciences (ref.
no.: MUBABOL.REC.1393.17, February 03, 2015), and registered at the Iranian Registry of Clinical Trials with the
IRCTID: IRCT2015030718753N2. All participants signed the written informed consent before entering the study.

2.2. Participants and selection criteria
Twenty patients (8 men and 12 women) aged 18-50 years were selected among the patients referred to the
Department of Oral Medicine School. They all had a history of minor recurrent aphthous stomatitis in labial or
buccal mucosa at least four episodes per year. Exclusion criteria consisted of the following: a) patients with the
history of any systemic disease causing oral ulcers, gastrointestinal disorders (Crohn's disease, ulcerative colitis),
Behcet's syndrome, Reiter's syndrome, hematologic disorders, malnutrition, allergic conditions, b) receiving
chemotherapy, immunosuppressive drugs or corticosteroids in the last year c) patients with other mucosal lesions, d)
pregnant and lactating women, and e) patients whose normal healing of aphthous ulcers was usually in less than 5
days. Figure 1 shows the study flow diagram based on the CONSORT 2010.

Figure1. CONSORT flow diagram of the trial
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2.3. Mouthwash Preparation
For the preparation of Biogel, 95 cc of distilled water was transferred to a 500cc beaker, and placed on a hot plate
stirrer. Then the required carbopol was added to water and heated. After that, the methyl paraben and propyl paraben
were dissolved in 95% alcohol and the solution was added to the beaker, too. Finally, the required amount of
glycerin was added to the sample. Then 0.5 grams of effective ingredients of Chitosan (Germany, Sigma-Aldrich,
LMW: wt 50000-190000) or triamcinolone (Iran) emulsion were added to this base gel per 100 ml of gel for
preparing the Chitosan and triamcinolone mouthwashes. Finally, 0.5% mouthwash with PH=5.5 was prepared.

2.4. The study protocol
The records, which include individual information and characteristics of ulcers (pain, ulcer area, duration of healing
and effective index EI) were filled out for each patient. Oral examinations were conducted by one examiner in the
Department of Oral Medicine. The patients were asked to refer 24 hours after appearance of aphthous ulcers. All
patients were studied during 4 periods of aphthous ulcer. In the first period, they were only monitored without the
use of mouthwash or any other treatment. Pain intensity, ulcer area and healing time were recorded in any visits. In
the other three episodes, one of Chitosan, Triamcinolone or Biogel mouthwashes was randomly given to the
patients. Randomization was performed in the first session of examination in the first period, using random cards for
each patient. All bottles of mouthwash were coded by a pharmacologist so that the examiner and the patients were
unaware of the contents of drugs (double-blind). The patients were instructed to keep 5 cc mouthwash for 4 minutes
in the mouth and then spit it out 3 times a day after each meal. All patients in 4 periods were examined on the first,
third, fifth and seventh day by the examiner. Moreover, if the ulcer healed at any time prior to the examinations,
further examinations would not be performed and if no improvement was achieved on the seventh day, use of the
mouthwash would continue, and the patient was examined again on the tenth day. Ulcer diameter and pain level
were measured in the first and all subsequent examination days. Ulcer diameter was measured using Iwanson gauge
(ARTMAN Brand Wise Linkers USA) with 0.1 mm accuracy in the maximum and minimum diameters, and the
wound area was calculated using a mathematical formula based on the wound shape (circle or oval). Pain was
numerically valued from 0 to 10 using visual analog scale (VAS). For patients, the number 0 and 10 were considered
as no pain and the worst pain, respectively. Sugar-free orange juice (Takdaneh Iran) was used as the stimulus of
pain. The healing time based on pain relief (VAS=0) and wound healing and absence of pseudo membranous layer
were recorded as the number of days in all 4 periods for each patient. The effectiveness index (EI) for ulcer size and
pain relief was calculated through the following formula:
EI = [(V1 - V3 or V5 or V7 or V10) / V1] × 100;
Where: V1 means the value of the baseline and V3, V5, V7 and V10 means the values of the 1st, 3rd, 5th, 7th and 10th

days. Effectiveness indices were ranked as follows: 1) Healed: EI≥95%, 2) Marked improvement: 70>EI<95%, 3)
Moderate improvement: 30%<EI<70%, 4) No improvement: EI < 30% (13). Adverse effects of drugs based on the
complaints of patient and clinical examination were recorded. At the end of each episode of using mouthwash, the
patient's satisfaction with the treatment regimen were recorded with the question of "Overall, how satisfied are you
with your treatment?" and their selection of one of the items such as very good, good, moderate, poor and very poor.

2.5. Data Analysis
Data were analyzed by SPSS version 17 (SPSS Inc., Chicago, Illinois, USA), using ANOVA and Tukey test.

3. Results
Twenty patients (8 men and 12 women) with the mean age of 35.15±9.8 and with history of minor aphthous
stomatitis were entered into the study. In addition, all patients were evaluated during 4 periods of aphthous ulcers.

3.1. Ulcer size
As shown in Figure 2, there was no significant difference in mean ulcer size between Chitosan and Triamcinolone
groups on any day of the examination (p=0.09). On the first day of the examination, no significant difference
(p=0.8) was observed in mean ulcer size among the groups. On the third day, the Triamcinolone group indicated
smaller ulcer size than the episode of no treatment (p=0.011) and no significant differences were observed in other
groups. On the fifth day, Triamcinolone and Chitosan groups had less ulcer size compared to no treatment episode
(p<0.0001) and also to the Biogel group (p=0.026, p=0.042, respectively). On the seventh day, the Triamcinolone
and Chitosan groups had less ulcer size than the other two groups, but this difference was not significant compared
to the Biogel group. On the tenth day, all three groups compared to the no treatment episode showed a significant
decrease in ulcer size (p=0.04).
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Figure 2. The mean of ulcer size of three mouthwash groups and no treatment episode.

3.2. Pain intensity (VAS)
According to Figure 3, the mean of VAS in Chitosan and Triamcinolone groups were not significantly different on
all examination days. On the first day, the difference of VAS between the groups was not significant (p=0.35). On
the third and fifth day, the VASs were lower in Triamcinolone and Chitosan groups than in the no treatment episode
and Biogel group (p=0.01). On the seventh day, all three groups compared to the no treatment episode had
significant pain relief (p=0.02).

Figure 3. Mean of VAS in mouthwash groups and no treatment episode.

3.3. Healing time and patient satisfaction
The mean of healing time for Chitosan, Triamcinolone and Biogel groups were (6.2±1.82), (5.15±1.42) and
(8.3±1.62) days, respectively. The means of healing time for Chitosan and Triamcinolone groups were almost the
same (p=0.310) while they were significantly lower than the Biogel group (p=0.005 and p<0.0001, respectively).
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The mean rates of satisfaction were (3.05±0.6), (3.45±0.6) and (2.05±0.76) for Chitosan, Triamcinolone and Biogel
groups, respectively (Figure 4). The mean satisfaction rate of Biogel was significantly lower than Chitosan and
Triamcinolone (p<0.0001) and satisfaction rate of Chitosan and Triamcinolone were almost the same (p=0.144).

3.4. Effectiveness index (EI)
To assess the improvement, EI was individually calculated for ulcer size and VAS and eventually, the mean of both
EIs was calculated and named overall EI. As shown in Figure 4, mean EI of ulcer size on the third day was negative
only for Triamcinolone, Chitosan and Biogel mouthwash. Mean EI of ulcer size on the seventh and tenth days were
“healed” for Triamcinolone and Chitosan, and was “moderate improvement” for Biogel on the tenth day. In
addition, EI was calculated for VAS as illustrated in Figure 5. Similarly, mean EI on the third day was negative for
Chitosan and Biogel groups. Mean EI on the seventh day was “healed” for Triamcinolone and Chitosan, and for all
groups on the tenth day. The mean of overall EI presented in Figure 6, had similar results too.

3.5. Adverse effects
No serious adverse effects such as increased sensitivity, pain, infection, or any mucosal lesion were reported by
patients following the use of mouthwash. However, one patient (5%) felt mild throat sore after applying Chitosan
mouthwash and bad taste 20 minutes after using the Biogel mouthwash but it did not cause excluding the patient
from the study.

Figure 4. Comparison of the mean of pain EI of three mouthwashes

Figure 5. The mean EI of ulcer size of three mouthwashes
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Figure 6. The mean of overall EI of three mouthwashes

4. Discussion
The results of this clinical trial showed that Chitosan mouthwash 0.5% compared to a no treatment episode and
Biogel mouthwash led to a reduction in the ulcer size and pain relief and showed similar effects with Triamcinolone
(5%) mouthwash. These findings confirm the results of previous studies which suggested the analgesic and wound
healing properties of Chitosan. Although recurrent aphthous stomatitis is self-limiting lesions, it causes pain and
difficulty in eating, speaking and swallowing, so an efficient therapeutic strategy is required (2). The aim of all
available topical or systemic treatments is relieving the pain, reducing the dysfunction and inhibiting the acute
inflammatory reaction (14). The first choice of treatment is topical agents (15). Thus, several studies have been
conducted to find the topical agents with high impact and low side effects. Chitosan is a polymer with antimicrobial
activity, and many researchers have reported its wide range of antimicrobial activity against fungi, aerobic and
anaerobic bacteria with high biocompatibility and low toxicity (6). Bae et al. showed that Chitosan inhibits the
growth of microorganisms associated with oral disease and biofilm formation (16). Costa et al. reported in vitro and
in vivo lower toxicity and higher antimicrobial activity of Chitosan mouthwash than commercial mouthwashes (6,
17). Bacteria and their metabolites which were often identified in aphthous ulcers can aggravate the ulcers. The
effect of antibacterial therapy in the treatment of recurrent aphthous stomatitis has been proven (14). In the current
study, the reduction of ulcer size in the Chitosan group may be due to the effective antibacterial properties of
Chitosan and its acceleration in ulcer improvement. The pain of aphthous ulcer is created by the high inflammatory
stimulation of afferent nerve endings at the junction of epithelial and subepithelial. Thus, the anti-inflammatory
agents are considered as the first-line to control the symptoms of recurrent aphthous stomatitis (14). In the current
study, we observe the analgesic effect of Chitosan. Huang et al. (10) and Y. Okamoto et al. (8) also suggested the
analgesic properties of Chitosan. Huang represented that the concentration of bradykinin (a physiologic mediator of
pain) in carboxymethyl chitosan-treated group was significantly lower than the control group and this indicates the
analgesic and anti-inflammatory effect of carboxymethyl chitosan (10). Chitosan mouthwash showed better effect in
reducing ulcer size than the Biogel group which confirms wound healing effect. Chitosan activates the inflammatory
and immune cells such as polymorphonuclears, macrophages, fibroblasts and the angioendothelial cells and promote
the wound healing process (11). All results of using Triamcinolone mouthwash which is a corticosteroid with
moderate to strong effect (18) including pain relief, reduction of ulcer size and the mean of healing time were better
than those of using two other mouthwashes, and patients reported the most satisfaction with this mouthwash, which
supports the fact that corticosteroids are one of the main treatment strategies of recurrent aphthous stomatitis (18).
However, the difference in ulcer size reduction, pain relief, healing time and satisfaction rate was not significant
between Triamcinolone and Chitosan mouthwashes, and based on this study, it can be concluded that the effect of
Chitosan is similar to that of Triamcinolone in management of recurrent aphthous stomatitis. EI was lower in
Chitosan mouthwash than Triamcinolone in the early days, while it increased later and it would be almost similar to
the Triamcinolone group. So, the effects of Chitosan would appear later than Triamcinolone.

5. Conclusions
The present study demonstrated that Chitosan has the analgesic effects and promotes the wound healing process, and
its mouthwash is safe and effective for management of recurrent aphthous stomatitis. This effect is almost similar to
that of Triamcinolone which is recognized as the treatment of recurrent aphthous stomatitis.
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