
1

Vol.:(0123456789)

Scientific Reports |        (2020) 10:21181  | https://doi.org/10.1038/s41598-020-78281-7

www.nature.com/scientificreports

The efficacy of probiotics 
in management of recurrent 
aphthous stomatitis: a systematic 
review and meta‑analysis
Bin Cheng1,2, Xinyi Zeng1,2, Shaoyuan Liu1,2, Jing Zou1 & Yan Wang1*

There is currently a lack of effective drugs to cure recurrent aphthous stomatitis. This study aimed 
to evaluate the efficacy of probiotics alone or as an adjunct in recurrent aphthous stomatitis (RAS) 
patients. Seven randomized controlled trials (RCTs) were included, of which three were included in 
quantitative analysis. Of five studies evaluating the efficacy of probiotics alone compared with placebo 
or Oracure gel, two reported no significant difference in relieving oral pain, while probiotics exhibited 
a higher capacity for decreasing oral pain in the other three. A significant decrease in ulcer severity was 
found in one, while no significant difference was found in the other four. The remaining two studies 
demonstrated that probiotics, as an adjunct to steroids or anaesthetic antiseptic gel, significantly 
reduced the ulcer severity and oral pain. The meta-analysis showed a significant decrease in oral 
pain (− 1.72, P = 0.0001) with probiotics compared with placebo. In conclusion, probiotics alone were 
capable of relieving oral pain but not effective in reducing ulcer severity. A combination of probiotics 
and steroids or anaesthetic antiseptic gel was more effective than steroids or anaesthetic antiseptic 
gel alone in RAS patients. Probiotics are promising for the treatment of recurrent aphthous stomatitis.

Recurrent aphthous stomatitis (RAS) is the most common self-limited oral mucosal disease worldwide, with a 
prevalence ranging from 5 to 66% in different countries1,2. RAS is characterized by recurrent round or elliptical 
ulcers that can occur anywhere in the oral cavity and are common in the non-keratinized epithelium, such as the 
lingual margin and buccal and labial mucosa3. Before the condition breaks out, the ulcer site often has a burning 
sensation for 2–48 h4. Lesions are often single but are sometimes multiple. The ulcer site is often covered with 
a yellow or gray pseudomembrane, with hyperemia in the surrounding mucosa5–7. RAS could cause severe oral 
pain and affect swallowing and chewing, adversely affecting the quality of life (QoL).

Although the etiology of RAS is still unclear, many studies have demonstrated that innate immunity and 
adaptive immunity have an essential role in the development of RAS. L-type bacteria isolated from the aphthous 
ulcerations might play a role in the occurrence of oral ulcerations8. Abnormal growth of the oral microbial flora 
might be the cause of RAS, and several microorganisms related to the ulcers have been identified9. Besides, 
microbiological factors were also reported to modify the immune response and cause RAS10.

Current treatment for RAS is primarily symptomatic, aiming at alleviating pain, promoting ulcer healing, 
and trying to prevent a recurrence. However, no therapy can guarantee a definitive cure. Topical treatment and 
systemic therapy are the most common treatment methods. Interventional methods recommended for topical 
treatment include glucocorticoids, anti-inflammatory drugs, analgesics, antibiotics, antiseptics, and low-level 
lasers11. Therapeutic agents proposed for systemic use include immunosuppressants, immunomodulators, and 
immunopotentiators12. However, traditional treatments have many limitations. For example, when the ulcer 
is deep and large, the efficacy of topical treatment is reduced. The long-term application of steroids, the most 
common drug in the treatment of RAS, might give rise to serious adverse events, including oral mucosa atrophy 
and immunity deficiency13. The side effects of systematic glucocorticoids are too severe for many people to bear. 
Therefore, it is necessary to develop new therapies with higher efficiency and lower side effects.

Probiotics, a healthy component of the normal oral microbial community, are capable of promoting the 
growth of other beneficial microorganisms and modulating host immune responses3,14. The “probiotics” concept 
was first introduced in 1965 as an antonym for antibiotics by Lilly and Stillwell. Probiotics would benefit the host 
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if administered in sufficient amounts15. Probiotics play an essential role in systemic health, affecting the immune 
system and the host’s intestinal epithelium to regulate the function of corresponding organs16. Furthermore, pro-
biotics (mainly Lactobacilli and Bifidobacteria) have also been introduced to oral medicine in recent years. Many 
studies have already assessed the efficacy of probiotics in preventing caries, gingivitis, cancer therapy-induced 
oral mucositis, periodontitis, and peri-implant diseases, which are related to bacterial biofilm and host immune 
response. The results support the potential use of probiotics in managing gingivitis, cancer therapy-induced oral 
mucositis, and periodontitis17–20.

As the RAS is associated with bacterial factors and host immune reactions, probiotics have been suggested 
to have the potential to treat RAS. In 2012, RAS was successfully managed by Lactobacillus brevis CD2 in an 
immunocompromised hemophilic patient after the failed attempt to use antiviral agents and topical steroids; the 
condition did not recur for 6 months19. And probiotics were proposed as a treatment for oral aphthous stomatitis 
in patients with inflammatory bowel disease21.

In recent years, some clinical studies have explored the efficacy of probiotics in decreasing ulcer severity and 
alleviating oral pain in RAS patients. However, due to the conflicting results, the efficacy of probiotics is still 
controversial. Thus, this systematic review and meta-analysis aimed to investigate the effects of probiotics alone 
or as an adjunctive treatment on RAS patients.

Results
Literature search.  Figure 1 presents the search strategy outline in a flow diagram. In the initial search, 147 
articles were retrieved from the databases, 87 of which remained after eliminating duplicates. After two inde-
pendent authors (L.S.Y. and C.B.) read the titles and abstracts, eleven studies remained, which were read in full 
text. six of the eleven studies fulfilled the criteria in the review and were subjected to data extraction. One addi-
tional study was found by conducting a manual search of the reference lists. Finally, seven studies were included 
in the systematic review for qualitative analysis, of which three studies were included in the quantitative analysis.

Description of the included studies.  Table 1 summarizes the characteristics of all the included studies. 
Seven studies were published between 2011 and 2020, of which two studies published in 2020 and two in 2017, 
and the other three were published in 2011, 2014, and 2019 respectively. All the seven included studies were 
randomized controlled trials. The sample size ranged from 19 to 80 participants. Four studies22–25 described the 
age range of the patients, ranging from 8 to 60 years, two studies26,27 recorded the mean age that was 55.9, 28.2 
in the test group and 36.4, 29.38 in the control group respectively, while the one28 did not mention. Aswath et al. 
(2014)28 did not report the gender distribution of the subjects. Three studies23,25,26 reported the drop-out num-
bers as 1, 4, and 15, respectively, but there were none in the four other studies22,24,27,28.

Nirmala et al. (2017)24 assigned patients to the AU and BU groups for recurrent aphthous ulcers. Patients 
were treated with oral probiotics as an adjunct to triamcinolone in the AU group and with a triamcinolone paste 
in the AC group. Aswath et al. (2014)28 advised patients in test group take anaesthetic antiseptic gel along with 
bifilac lozenge composed of probiotics while patients in control group take anaesthetic antiseptic gel only. In 
the five other studies, the intervention in the experimental group consisted of probiotics only, while the control 
group subjects received a placebo22,24–27. Patients in studies by Mimura et al. (2017)23 and Aswath et al. (2014)28 
underwent a symbiotic treatment combined with four probiotics, and Pedersen et al. (2019)25 gave patients a 
combination of two. Some other studies adopted a single probiotic treatment22,24,26,27. Concerning the outcome 
measures, the evaluation assessment for the severity of ulcers are diverse and will be described in detail later. 
Three studies23,25,26 using the visual analog (pain) scale (VAS) for the evaluation of oral pain were included in 
the meta-analysis; four studies22,24,27,28 were qualitatively described.

Quality of the included studies.  The Cochrane Collaboration’s tools for assessing the risk of bias and 
study quality were used to assess the quality of research. Figure 2 presents the detailed results of the assessment. 
All the seven studies were unclear. The method for generating random sequences in three studies was unclear 
(Nirmala et al., 2017; Pederson et al., 2019; Trinchieri et al., 2011)22,24,25. Three studies (Nirmala et al., 2017; Agg-
our et al., 2020; Aswath et al., 2014) did not explain the method of allocation concealment24,27,28. When it comes 
to the blinding of participants and personnel, Mimura et al. 2017 was low and the other six unclear. Moreover, 
only Aggour et al. (2020)27 mentioned that the study outcome was assessed using blinding methods27. Mimura 
et al. (2017)23 and Pederson et al. (2019)25 did not present complete outcomes. The risks of selective reporting 
and other risks were low in all studies. Of all the studies, Nirmala et al. (2017)24 and Pederson et al. (2019)25 had 
four unclear points, and Trinchieri et al. (2011)22 and Aggour et al. (2020)27 had three unclear points, and the 
remaining three studies had two unclear points23,26,28.

Study outcomes.  Effect on ulcer severity.  Table 2 presents detailed results on ulcer severity. All the in-
cluded studies evaluated the severity of ulcers before and after treatment, but the specific content and methods 
of the assessment were not the same. Dugourd et al. (2020)26 determined the average decrease in canker sore 
counts, and the results were not significantly different between the two groups after 90 and 180 days. Mimura 
et al. (2017)23 determined the ulcer severity with the number of lesions and outbreaks, average healing time, and 
maximum lesion size. Whereas, probiotic treatment was not more effective in decreasing ulcer severity with 120 
and 180 day follow-ups. Pedersen et al. (2019)25 estimated the ulcer severity score (USS) after 3 months, in which 
six characteristics (number, size, duration, ulcer-free period, site, and pain) were calculated to generate an ulcer 
score. Aggour et al. (2020) calculated the effectiveness indices (EI) of the ulcer size improvement. But in the two 
studies above, the difference was statistically insignificant between two groups. Trinchieri et al. (2011)22 calcu-
lated the total intensity score for all the patients in each group before and after treatment, reporting that Lacto-



3

Vol.:(0123456789)

Scientific Reports |        (2020) 10:21181  | https://doi.org/10.1038/s41598-020-78281-7

www.nature.com/scientificreports/

bacillus brevis CD2 lozenges were more effective in reducing ulcer severity compared with the placebo group. 
Different from studies above, Nirmala et al. (2017)24 and Aswath et al. (2014)28 applied probiotic as an adjunct 
and the results exhibiting more efficacy in reducing ulcer severity. It was impossible to perform a meta-analysis 

Figure 1.   Study selection flowchart for the systematic review.
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regarding the ulcer counts because of significantly different baseline characteristics, different interventions, and 
high heterogeneity.

Effect on oral pain.  Table 3 presents detailed results on oral pain. Six of the included studies used the effect 
on oral pain as an outcome indicator, but different assessment methods and follow-up periods were adopted. 
Three studies23,25,26 using VAS to evaluate oral pain related to the RAU were included in the meta-analysis, but 
all were described qualitatively below. Aggour et al. (2020) calculated the effectiveness indices (EI) of the pain 
improvement27. Nirmala et al. (2017) and Aggour et al. (2020)24,27 reported that probiotics, as a local adjunct, 
could significantly decrease oral pain compared with control group in the follow-up. With regard to the effi-
cacy, four studies22–24,27 reported that probiotics exhibited a stronger capacity for reducing pain, while the other 
two25,26 found no significant differences between probiotics group and placebo group. A meta-analysis regarding 
oral pain was conducted. The inter-study heterogeneity regarding the oral pain related to RAU was low (χ2 = 0.83, 
P = 0.0001, I2 = 0%) and a fixed-effect model was selected. A higher decrease in oral pain was obtained in favor of 
probiotics treatment (MD = − 1.72, 95% CI [− 2.59; − 0.85], P = 0.07) (Fig. 3).

Quality of oral health.  In addition to oral pain and the severity of the ulcer, Dugourd et al. (2020)26 assessed 
patients’ QoL in two groups before treatment and after 90 and 180 days with OHIP-14. The results showed no 
significant differences (P = 0.827).

Table 1.   Characteristics of included studies. No. number, M man, F female, SD standard deviation, RCT​ 
randomized controlled trial, NR not reported, T test group, C control group, CFU Colony Forming Units, VAS 
Visual Analogue Pain Scale, USS Ulcer Severity Score, OHIP-14 Oral Health Impact Profile 14 questionnaire. 
a1 refused to continue and treatment never started, 1 screen failure and treatment never started, 1 lost to 
follow-up, 1 refused to continue. bData from day 90 is missing in 1 patient in the test group. cThe author didn’t 
mention the reason that why those participants dropped out.

Study ID Study design No. (M/F) Mean age (SD, range) Participants Interventions Comparison Drop-out

Dugourd 202026 RCT​ T:10 (4/6)
C:9 (4/5)

T:55.9 (17.5, NR)
C:36.4 (12.4, NR) RAS

T (N = 10): probiotic (1.5 bil-
lion Lactobacillus rhamnosus 
Lcr35) four times daily for 
90 days

C (N = 9):placebo 4a

Trinchieri 201122 RCT​ T:15 (7/8)
C:15 (8/7)

T:NR (NR, 8–36)
C:NR (NR, 10–35) RAS

T (N = 15): 1 lozenges con-
taining Lactobacillus brevis 
CD2 (at least 1 billion live 
bacteria per lozenge) 4 times 
daily for 7 days

C (N = 15):placebo 0

Pedersen 201925 RCT​ T:10 (2/8)
C:10 (5/5)

T:22.7 (NR, 18–28)
C:24.8 (NR, 22–30) RAS

T (N = 10): 1 lozenges (Lac-
tobacillus reuteri DSM17938 
and ATCC PTA5289, with at 
least 0.5 billion live bacteria 
of each strain per lozenge) 
twice daily for 90 days

C (N = 10): placebo 1b

Nirmala 201724 RCT​ 80 (49/31) 33.7 (1.74, 20–60) T1&C1: RAS
T2&C2: oral candidiasis

T1 (N = 20) & T2 (N = 20): 
Bacillus Clausii probi-
otic + triamicinolone paste 
twice daily for 1 week

C1 (N = 20) and C2 (N = 20): 
triamicinolone paste twice 
daily for 1 week

0

Mimura 201723 RCT​
T:22 (14/8)
C1:23 (15/8)
C2:30 (14/16)

T:36.6 (NR, 19–57)
C1:38.3 (NR, 23–58)
C2:37.4 (NR, 23–58)

T&C1: RAS
C2: healthy individuals

T (N = 30): one sachet (1–10 
billion CFU Lactobacillus 
paracasei Lpc-37 SD 5275, 
1–10 billion CFU Lactobacil-
lus rhamnosus HN001 SD 
5675, 1–10 billion CFU 
Lactobacillus acidophilus 
NCFM SD 5221, 1–10 billion 
CFU Bifidobacterium lactis 
HN019 SD 5674) twice a day 
for 120 days

C1 (N = 30): placebo
C2 (N = 30):without any 
treatment

15c

Aggour 202027 RCT​ T:30 (11/19)
C:30 (10/20)

T:28.2 (8.14)
C:29.38 (9.06) Minor RAS

T (N = 30):1 lozenge(L. 
acidophilus 1.5 billion cfu, 
Bifidobacterium lactis 1.5 
billion cfu) twice daily for 
5 days

C (N = 30): Oracure gel twice 
daily for 5 days 0

Aswath 201428 RCT​ T:25 (NR)
C:25 (NR) NR Minor RAS

T (N = 25): anaesthetic anti-
septic gel i.e., mucopain gel 
and cap. Becosules once a day 
along with bifilac lozenge(30 
million Streptococcus faecalis 
T-110, 2 million Clostridium 
butyricum TO-A, 1 million 
Bacillus mesentericus TO-A, 
50 million Lactobacillus 
sporogenes) 3 times a day

C (N = 25): anaesthetic 
antiseptic gel i.e., mucopain 
gel and cap. Becosules once 
a day

0
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Adverse effect.  Mimura et al. (2017)23 observed flatulence and loose bowels during the symbiotic treatment, 
while no side effects were found in three studies (Trinchieri et al., 2011; Pederson et al., 2019; Dugourd et al., 

Figure 2.   Risk of bias summary: review authors’ judgment about each risk of bias item for each included study.
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2020)22,25,26. The remaining study did not report any side effects.

Discussion
The present study assessed the efficacy of probiotics alone or as an adjunct to other drugs for recurrent aphthous 
stomatitis (RAS) patients compared with placebo or other drugs alone in terms of the severity of ulcers and 
oral pain. Only RCTs were included. The overall risk of bias in all the included studies was unclear based on the 
Cochrane risk-of-bias tool. Due to the high heterogeneity regarding the ulcer severity, a meta-analysis was not 
performed. The severity of ulcers was qualitatively analyzed, and a meta-analysis was carried out concerning oral 
pain. Generally, applying probiotics alone was effective in relieving oral pain but not effective in reducing ulcer 
severity. The results of the meta-analysis showed that higher oral pain relief was obtained in favor of probiotics 
treatment. Probiotics, as a local adjunct to steroids or anaesthetic antiseptic gel, could significantly reduce the 
ulcer severity and relieve oral pain. Overall, probiotics have a particular effect on RAS. However, there are still 
some points worth debate concerning (1) the dose and the application of mono versus mixed species probiotics 

Table 2.   Outcomes related to ulcer severity in all the included studies. T test group, C control group, VAS 
Visual Analogue Pain Scale, USS Ulcer Severity Score, OHIP-14 Oral Health Impact Profile 14 questionnaire, 
NS not significant, NA not available, NR not reported.

Study ID Evaluation index Follow-up periods

Main outcome
Mean (SD)

P value (T vs C) ConclusionT C (C1)

Dugourd 202026 Number of canker sores

Baseline 5.62 (2.61) 11.68 (8.66) 0.063
Not more effective compared with 
placebo group90 days 2.67 (2) 10.63 (14.68) 0.127

180 days 2.67 (1.87) 7.75 (7.87) 0.079

Trinchieri 201122

Intensity of Burning
Baseline 34 35 0.9

Significantly more effective compared 
with placebo group

7 days 1 16 0.03

Intensity of Perilesional erythema
Baseline 34 34 NA

7 days 1 18 0.02

Sum of diameters of the greater 
individual ulcer

Baseline 112 121 NA

7 days 3 54 < 0.01

Pedersen 201925 USS
Baseline 30.1 (4.8) 25.1 (5.3) NS Not more effective compared with 

placebo group90 days 21.4 (7.7) 21.4 (8.1) NS

Nirmala 201724

No. of ulcer

Baseline 1.6 (0.68) 1.65 (0.67) 0.816

Probiotic, as a local adjuvant to 
steroids, significantly reduces the 
ulcer severity compared with simple 
steroids group

5 days 1.05 (0.88) 1.05 (0.94) 1

10 days 0.15 (0.37) 0.25 (0.44) 0.4422

Size of ulcer

Baseline 1.7 (0.86) 1.7 (0.8) 1

5 days 1.1 (0.71) 1.3 (0.8) 0.41

10 days 0.15 (0.37) 0.35 (0.59) 0.204

Erythema

Baseline 1.25 (0.44) 1.3 (0.8) 0.808

5 days 0.25 (0.44) 0.75 (0.44) 0.001

10 days 0 (0) 0.15 (0.37) 0.0749

Mimura 201723

Total number of lesions

Baseline 7.8 (7) 7.3 (4.5)

0.864

Not more effective compared with 
placebo group

120 days 4.3 (4.7) 3.6 (3.6)

180 days 1.9 (1.8) 2.6 (2.1)

Average healing time (days)

Baseline 10.8 (5.9) 9.8 (3.9)

0.256120 days 5.0 (3.1) 6.0 (5.5)

180 days 4.4 (3.6) 5.2 (3.4)

Maximum lesion size (mm)

Baseline 5.7 (3.4) 5.6 (1.6)

0.155120 days 3.6 (2.7) 3.7 (2.9)

180 days 2.7 (2.1) 3.7 (2.4)

Number of outbreaks

Baseline 2.7 (1.7) 3.0 (1.5)

0.43120 days 2.0 (1.5) 1.8 (1.6)

180 days 1.4 (1.6) 1.6 (1.6)

Aggour 202027 Effectiveness index (EI)
3 days 44.55% (20.79%) 31.66% (24.86%) 0.2149 Not more effective compared with 

Oracure gel group5 days 70.029% (15.17%) 62.76% (18.24%) 0.0891

Aswath 201428

No. of ulcers
Baseline 2.08 (1.89) 1.64 (1.08) 0.317

Significantly more effective compared 
with control group

NR 0.46 (1.2) 0.48 (0.88) 0.904

Ulcer size
Baseline 4.80 (2.89) 5.44 (4.34) 0.542

NR 1.08 (2.42) 2.17 (4.49) 0.018
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therapy; (2) the outcome assessment measures and follow-up period; (3) the biosafety of probiotics; and (4) the 
quality of the included literature.

The ingredients and dosage of probiotics were not the same in the seven included studies. The probiotics 
ingredients in studies by Dugourd et al. (2020)26, Trinchieri et al. (2011)22, and Nirmala et al. (2017)24 consisted 
of Lactobacillus rhamnosus Lcr35, Lactobacillus brevis CD2, and Bacillus clausii, respectively. However, there 
were two probiotics (Lactobacillus reuteri DSM17938 and ATCC PTA5289) in Pedersen et al.’s study (2019)25 
and four probiotics (Lactobacillus paracasei LPC-37 SD 5275, Lactobacillus rhamnosus HN001 SD 5675, Lacto-
bacillus acidophilus NCFM SD 5221, Bifidobacterium lactis HN019 SD 5674) in Mimura et al.’s study (2017)23. 
Reham Lotfy Aggour et al.’s study (2020)28 contains Lactobacillus acidophilus and Bifidobacterium lactis and 
Nalini Aswath et al.’s study (2014)27 contains Streptococcus faecalis T-110, Clostridium butyricum TO-A, Bacillus 
mesentericus TO-A, Lactobacillus sporogenes. Four studies included in the present review used lozenges to admin-
ister probiotics in the treatment of aphthous ulcers22,25,27,28. Due to the availability of multiple probiotic strains 
that can be combined in different proportions, differences in probiotic ingredients and dosage between studies 
are currently inevitable. Six studies selected Lactobacillus for treatment22,23,25–28. Previous studies with dietary 
supplements containing L. reuteri have shown downregulation of proinflammatory cytokines and higher sIgA 
levels in the oral environment29. Dong et al. (2012)30 investigated the comparative effects of six probiotic strains 
on immune function in vitro and observed that all Lactobacillus strains induced the production of Th1 cytokines. 
Lactobacillus seems to be the ideal probiotic for the treatment of RAS. Nirmala et al. (2017)24 confirmed that 
the probiotic (Bacillus clausii) used as a local adjunct to steroids could significantly reduce the ulcer severity, 
which provided a new strategy for treating RAS. Moreover, in studies by Trinchieri et al. (2011)23 and Nirmala 
et al. (2017)25, Lactobacillus brevis CD2 and Bacillus clausii exhibited an excellent capacity for promoting ulcer 
healing and reducing oral pain. Different therapeutic effects might be related to different ingredients of probiot-
ics. Future studies should further explore whether Lactobacillus brevis CD2 and Bacillus clausii can outperform 
other probiotics in treating RAS. The effects of different doses on therapeutic efficacy should also be explored.

As a useful tool for evaluating oral pain, VAS has exhibited high reliability and validity and is more objective 
than other evaluation methods included in the study. Various methods are available for evaluating the severity of 

Table 3.   Outcomes related to oral pain in all the included studies. T test group, C control group, VAS Visual 
Analogue Pain Scale, USS Ulcer Severity Score, OHIP-14 Oral Health Impact Profile 14 questionnaire, NS not 
significant, NA not available.

Study ID Evaluation index Follow-up periods

Main outcome
Mean (SD) P value

(T vs C) ConclusionT C

Dugourd 202026 VAS

Baseline 52.33 (29.4) 48.88 (18.13) 0.778
Not more effective compared with placebo 
group180 days 41.71 (35.36) 38.88 (19.72) 0.848

180 days 14 (12.1) 12.38 (7.41) 0.756

Trinchieri 201122

The intensity of spontaneous pain
Baseline 33 34 NA

Significantly more effective compared with 
placebo group

7 days 1 18 0.02

The intensity of caused pain
Baseline 39 40 NA

7 days 1 20 0.02

Pedersen 201925 VAS
Baseline 31.0 (13.9) 36.4 (26.8) NS Not more effective compared with placebo 

group90 days 13.8 (16.5) 13.6 (27.4) NS

Nirmala 201724 Degree of pain

Baseline 2.95 (0.82) 2.65 (0.81) 0.253 Probiotic, as a local adjuvant to steroids, 
significantly reduces oral pain compared with 
simple steroids group

5 days 0.95 (0.75) 2.0 (0.64) 0.0001

10 days 0 (0) 0.05 (0.22) 0.3236

Mimura 201723 VAS

Baseline 6.2 (1.1) 5.9 (1.9)

0.006 Significantly more effective compared with 
placebo group120 days 2.6 (2.1) 3.6 (3.2)

180 days 1.6 (1.5) 3.3 (2.7)

Aggour 202027 Effectiveness index (EI)
3 days 50.3% (18.85%) 40.67% (25.815%) 0.0455 Significantly more effective compared with 

Oracure gel group5 days 55.77% (26.131%) 44.51% (26.03%) 0.0093

Figure 3.   Forest plot for VAS scores regarding oral pain between probiotics and placebo.
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ulcers. At this point, it was difficult to interpret and compare outcomes. Thus, a more standardized scoring system 
is required to assess the ulcer severity in RAS patients. Future studies also should aim to report on outcomes 
using a universally accepted evaluation index. The present study showed that the effect of probiotic treatment is 
closely related to the follow-up time. The follow-up periods of the studies by Trinchieri et al. (2011)22 and Nirmala 
et al. (2017)24 were 7 and 10 days, and the study carried by Aswath et al. (2014)28 and Aggour et al. (2020)27 last 
for 14 days and 5 days. The effects of probiotic therapy were more effective than the control group. However, for 
the other three studies, the follow-up periods were more than 90 days23,25,26. The results showed that they were 
not more effective in reducing ulcer severity and oral pain than the control group. In other fields, the duration 
of probiotic therapy and follow-up has been reported to be a confounder31. It can be speculated that probiotics 
are effective in treating aphthous ulcers in the short term, but the long-term effects are still to be elucidated, 
necessitating more high-quality studies.

No significant side effects were reported in the included studies. Besides, probiotics have exhibited biological 
safety in treating other diseases, and the safety of probiotic preparations is generally satisfactory. To date, the 
adverse effects of these probiotic drugs have been considered few, and reports on their harmful effects in the 
host are rare, except for some people with underlying medical conditions32. Currently, Lactobacillus and Bifido-
bacterium are effectively used to treat some intestinal diseases, such as diarrhea, which are almost the same as 
drugs used to treat some oral diseases33,34. Most probiotic products are marketed as food and given a designation 
called GRAS (generally regarded as safe)35. However, there may still be a systemic infection caused by bacterial 
translocation, excessive immune response, gastrointestinal adverse reactions, and other side effects36,37. Probi-
otic drugs used in patients with immune deficiency, severe diseases, and gastrointestinal epithelial injury are 
prone to systemic bacteremia and infection38. Probiotics might increase mortality in patients with severe acute 
pancreatitis39. Lactobacillus preparation might cause lactic acidosis and increase the risk of sepsis, meningitis, 
and other diseases40. Therefore, the application of probiotic preparations should be carefully observed to prevent 
disease progression. More studies are needed to elucidate the potential adverse effects of probiotic treatment.

All the included studies were RCTs, which ensured the credibility of the results. Also, we focused on apply-
ing probiotics in the treatment of oral ulcers, which might provide new ideas for treating oral ulcers in clinical 
practice. To the best of our knowledge, this article is the first systematic review to focus on the effect of probiotic 
drugs in RAS. However, this study had some drawbacks. Firstly, two studies (Dugourd et al., 2020, and Pedersen 
et al., 2019)25,26 only accounted for 0.1% of the weight in the meta-analysis, which should be attributed to the 
different sample size of the included study. Secondly, seven included studies all claimed double-blind use but six 
of the studies didn’t mention the technical details except Aggour et al. (2020)27, and only Mimura et al. (2017)23 
mentioned that they used double-blind in participants and personnels. Thirdly, we still need more samples 
and studies to confirm the credibility of the results. Fourthly, patients’ oral hygiene status and microecological 
environment were not recorded, and whether the microbial distribution is correlated with the treatment effect 
is worth further exploration.

Due to the limited evidence of current studies, more high-quality studies with a better methodology are 
necessary before the final clinical application. A crossover design is considered more suitable for clinical trials 
on RAS, which is a recurrent, stable and agnogenic disease, than a parallel design. With this study design, on the 
one hand, every participant is compared to themselves, thus eliminating the influence of nonprocessing factors on 
the results, including sex, age, oral hygiene habits, oral health, general health, and smoking. If a parallel design is 
adopted, there should be no significant difference in these nonprocessing factors between the experimental and 
control groups. On the other hand, a smaller sample size is required to reach sufficient statistical power compared 
with parallel trials. A better study design is comprised of larger sample size, more reasonable randomization, 
more rigorous blinding, fewer missing outcome data, and more reasonable evaluation intervals, including short-
term and long-term intervals. Currently, some clinical studies are underway, with only a few of them compar-
ing the efficacy of probiotics with other therapeutic methods. Thus, future research should compare the effects 
of probiotics with mainstream drugs, such as steroids. Probiotics exhibited high efficacy in patients with low 
immunity 41. Clinical trials in such patients might have important implications. Finally, the relationship between 
RAS activity and critical bacteria should be investigated concerning the development and improvement of RAS.

Methods
Focused question.  This systematic review was carried out following the Cochrane Handbook for the Sys-
tematic Reviews of Interventions and the preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines42.

The focused PICO question was: Are probiotics alone or as an adjunct to other drugs more effective than 
placebo or other drugs alone in decreasing ulcer severity and oral pain in RAS patients?

The PICO principle was applied during the assessment.
Population/patient: Patients with recurrent aphthous ulcers (RAU).
Intervention: Treatment with probiotics, either alone or combined with other drugs.
Comparison: Treatment with placebo or other drugs alone.
Outcome: The severity of ulcer or oral pain.

Selection criteria.  The inclusion criteria consisted of (1) randomized controlled trials (RCT); (2) assessing 
the treatment of patients with recurrent aphthous ulcers; (3) comparing probiotics alone versus placebo or pro-
biotics combined with other drugs versus other drugs alone.

The exclusion criteria consisted of (1) in vitro or animal studies, case reports, and case series, review articles, 
or opinion articles; (2) participants with any systematic disease or if they were duplicated or ancillary studies; (3) 
studies that did not include outcomes required in this review; and (4) studies that were still in process.
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Literature search.  An electronic literature search was conducted in PubMed, EMBASE via OVID, the 
Cochrane Library (CENTRAL), and Web of Science scientific databases before September 2020 to identify rel-
evant studies. Detailed search strategies in the four databases were shown in supplementary information.

After eliminating duplicates, two independent authors (L.S.Y. and C.B.) read the titles and abstracts derived 
from the electronic search to identify potentially eligible articles. If they conformed to the proposed theme, they 
were assessed in the full text and further evaluated for inclusion criteria. The references of all the included articles 
or relevant reviews were also considered to avoid missing any eligible studies. Any discrepancies between the 
authors were resolved by discussion.

Data extraction.  Three sheets were designed to extract the characteristics and numerical data of the 
included studies. Two researchers (L.S.Y. and C.B.) separately extracted the data, which included the follow-
ing: study author, study design, the number of patients, mean age, the diagnosis of the patients, interventions, 
comparison, the number of patients who dropped out, evaluation index, evaluation interval, follow-up periods, 
primary outcomes, and conclusions. The evaluation parameters for the severity of ulcer and oral pain were 
reported using means standard deviations (SD), and P‐values. If data in the original articles were absent, the cor-
responding author was contacted for missing information. Any disagreement between researchers was resolved 
by discussion. If no agreement could be reached, a third researcher (Z.X.Y.) joined the discussion.

Assessment of risk of bias and studies’ quality.  The risk of bias was assessed according to the Cochrane 
Collaboration’s tools43. Two independent researchers conducted evaluations without interference. The main cri-
teria for evaluation were the generation of random sequences, whether the assignment was hidden, whether the 
researchers and subjects were double-blinded, whether the study outcomes were blindly assessed, whether the 
results were complete, and whether the results were selectively reported. We also designed an additional risk of 
bias tables to assess other biases, such as whether the article-publishing organization was associated with medi-
cation manufacturers or not. Revman manager 5.3 was used for data visualization. If the two researchers’ assess-
ments were not consistent, a third researcher reassessed the disputed results or conducted a team discussion.

Statistical analyses.  The level of heterogeneity was assessed by the Cochrane χ2 and I2 test. P-value of χ2 
test < 0.1 or I2 > 50% was considered an indicator of high heterogeneity. I2 > 0.7 was considered too high to con-
duct a meta-analysis. The fixed-effect model was selected if P > 0.1 or I2 < 50%, while the random-effect model 
was selected if P < 0.1 or I2 > 50%. Mean difference (MD) and standard deviation (SD) were used to perform the 
meta-analysis. Weighted mean difference (WMD) and 95% confidence interval (CI) were selected as measure 
estimates of differences between the probiotic and placebo groups. All the statistical analyses were conducted 
using Review Manager 5.3.

Conclusion
Probiotics alone were effective in relieving oral pain but not effective in reducing ulcer severity. The combination 
of probiotics and steroids or anaesthetic antiseptic gel was more effective than steroids or anaesthetic antiseptic 
gel alone in decreasing ulcer severity and oral pain for RAS patients. Probiotics are promising for the treatment 
of recurrent aphthous stomatitis. However, due to the limited data and study quality, more well-designed clinical 
studies are necessary.

Data availability
All the data were included in the paper and supplementary information.
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