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Abstract 
 

Background: Recurrent aphthous stomatitis (RAS) is described as a painful, recurrent oral mucosal 

ulcerative condition in otherwise healthy individuals. Treatment objectives include pain 

relief/reduction, prevention of secondary infection, promoting healing and reducing recurrence. 

Conventional treatment modalities include topical or systemic corticosteroids, analgesics and 

antiseptic mouth rinses. Recent evidence suggests a therapeutic role for oral supplementation in the 

management of RAS. 

 

Objectives: To assess the efficacy of oral supplements such as, vitamin B12, zinc sulfate and omega-

3 to resolve and reduce the severity and recurrence of recurrent aphthous stomatitis.  

 

Methods: Three databases were thoroughly searched for all studies published up to October 2021. All 

randomised clinical trials that evaluated the efficacy of vitamin B12, zinc sulfate and omega-3 in the 

management of RAS were included. 

 

Results: The researchers meticulously screened clinical randomised control trials and eight clinical 

trials fulfilled the inclusion criteria. The follow up period ranged from two days to six months. Six 

studies displayed significantly better efficacy of oral supplements in reducing the pain, whereas four 

studies reported on decrease in ulcer diameter associated with RAS.  

 

Conclusion: Oral supplementation with vitamin B12, zinc sulfate and omega-3 seem to be beneficial 

in the management of RAS. However, additional research is required that includes standardised 

methodologies to validate the efficacy of the oral supplementations.



http://etd.uwc.ac.za/

Keywords:  1 

Vitamin B12 2 

Cobalamin 3 

Zinc sulfate 4 

Omega-3 5 

Oral diseases 6 

Randomized controlled trials 7 

Clinical trials,  8 

Quasi randomized clinical trials 9 

RAS 10 

Recurrent aphthous stomatitis 11 

Systematic review 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

1 

Table of Contents 24 

 25 

1.   BACKGROUND………………………………………………………………………………4 26 

1.1  Description of the condition………………………………………………………………….4 27 

1.1.1 Epidemiology…………………………………………………………………………………5 28 

1.1.2 Description of the intervention……………………………………………………………….5 29 

1.1.3 Why is it important to do this review?...................................................................................8 30 

1.1.4 The review question…………………………………………………………………………..9 31 

 32 

2.   AIM OF THE STUDY…………………………………………………………………………9 33 

 34 

3.   MATERIALS AND METHODS………………………………………………………………9 35 

 36 

3.1. Criteria for studies in this review……………………………………………………………..9 37 

3.1.1 Types of studies………………………………………………………………………………..9 38 

3.1.2 Types of participants …………………………………………………………………………10 39 

3.1.3 Types of intervention………………………………………………………………………….10 40 

3.1.4. Types of Control………………………………………………………………………...……11 41 

3.1.5 Types of outcome measures…………………………………………………………………..11 42 

3.1.6 Time Frame and Language……………………………………………………………………11 43 

3.2 INFORMATION SOURCES AND SEARCH STRATEGY…………………………...…..11 44 

3.3 STUDY PROCEDURE AND STATISTICAL METHODS……………………………………...…….13 45 

3.3.1 STUDY SELECTION AND DATA EXTRACTION……………………………………...…………..13 46 

3.3.2 ASSESSMENT OF METHODOLOGICAL QUALITY OF TRIALS AND RISK OF BIAS……...………...13 47 

3.3.3 INVESTIGATION OF HETEROGENEITY…………………………………………………...….…14 48 

3.3.4 SENSITIVITY ANALYSIS…………………………………………………...…………………..14 49 

3.3.5 SUBGROUP ANALYSIS…………………………………………………………...…………….14 50 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

2 

3.3.6 Assessment of Reporting Bias………………………………………………………………..14 51 

4. RESULTS……………………………………………………………………………………...15 52 

4.1 STUDY SELECTION…………………………………………………………………………...…15 53 

4.2 STUDY DESIGNS…………………………………………………………………………………17 54 

4.3 STUDY PARTICIPANTS (TABLE 2)………………………………………………………...……17 55 

4.4 TREATMENT PARAMETERS (TABLE 3)……………………………………………………......18 56 

4.4.1. NATURE OF THE INTERVENTION…………………………………………………………...…18 57 

4.4.2. INTERVENTION ARMS AND TREATMENT REGIMEN……………………………………...……19 58 

4.4.3. METHOD OF CLINICAL ASSESSMENT…………………………………………………...…….19 59 

4.5 OUTCOMES: CLINICAL ………………………………………………………………………..20 60 

4.5.1. Pain scores (Any system) ……………………………………………………......…20 61 

4.5.2. VAS-based outcomes………………………………………………………………..20 62 

4.5.3. Effectiveness of Omega-3 (VAS-based)……………………………………………21 63 

4.5.4. Effectiveness of Omega-3 (VAS-based)……………………………………………21 64 

4.5.5. Effectiveness of vitamin B12 (VAS;NRS-based)………………………………….21 65 

4.5.6. Effectiveness of zinc sulfate and omega-3 …………………………………………22 66 

4.5.7. Effectiveness of omega-3 ……………………………………………...…………...22 67 

4.5.8. Effectiveness of omega-3 ……………………………………………...…………...23 68 

4.6. PUBLICATION BIAS……………………………………………………………………………23 69 

4.7. QUALITY ASSESSMENT………………………………………………………………………..23 70 

5. DISCUSSION………………………………………………………………………………….25 71 

6. CONCLUSIONS………………………………………………………………………………29 72 

6.1. IMPLICATIONS FOR PRACTICE………………………………………………………………..29 73 

6.2. IMPLICATIONS FOR RESEARCH……………………………………………………………….29 74 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

3 

7. CONFLICT OF INTEREST…………………………………………………………………29 75 

8. REFERENCES………………………………………………………………………………..30 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

 87 

 88 

 89 

 90 

 91 

 92 

 93 

 94 

 95 

 96 

 97 

 98 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

4 

1. Background 99 

 100 

1.1 Description of the condition 101 

 102 

Recurrent Aphthous Stomatitis (RAS), colloquially referred to as canker sores, is considered 103 

amongst the most prevalent ulcerative oral mucosal inflammatory conditions globally. 104 

 105 

RAS represents a spectrum of painful oral mucosal ulcers characterised clinically as discrete, 106 

localised, painful, shallow, well-defined lesions, surrounded by an erythematous rim, with a 107 

yellow or greyish base (Porter et. al., 2000; Porter et. al., 1998; Ship et. al. 2000). Aphthous 108 

ulcers can arise anywhere within the oral cavity, such as the labial mucosa, buccal 109 

mucosa, floor of mouth, tip or ventral surface of the tongue, soft palate or tonsillar areas 110 

(Anne et. al., 2003). This painful, ulcerative, oral mucosal inflammatory condition 111 

often greatly influences every day activities such as, eating, swallowing, and speaking (Anne 112 

et. al., 2003; Miller et. al., 1977). The spectrum of RAS includes three main clinical variants 113 

- minor, major or herpetiform. Minor aphthous ulcers are the most prevalent subtype, have a 114 

diameter of 10 mm or less, are round, distinctly defined, symptomatic and heals within 10 to 115 

14 days without scarring (Field et. al., 1992). On the contrary, major aphthous ulcers are 116 

greater than 10 mm in diameter, heal within two to three weeks or even longer, often with 117 

resultant scarring (Wray et. al., 1975).   Herpetiform aphthous ulcers are less common and 118 

present as small (2-3 mm), pinpoint, multiple (1-100) irregular ulcers which often tend to 119 

coalesce. A female predominance is particularly seen in this type and the age of onset is 120 

greater (20-29 years) than in the previous two subtypes (Lehner, 1977; Scully et. al., 1989; 121 

Porter et. al., 1991). 122 

 123 
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1.1.1 Epidemiology                                                                            124 

Epidemiological analyses suggest that RAS affects between 2% to 50% of the global 125 

population (Scully et. al., 2008). Most evaluations fall within 5% to 25%, with three-month 126 

recurrence rates shown to be up to 50% (Scully et. al., 2008; Rees et. al., 1996; Ship, 1972). 127 

Epidemiological studies revealed that prevalence statistics of RAS is affected by the 128 

population studied, diagnostic criteria employed and the influence of various environmental 129 

factors (Chavan et. al., 2012). It generally is seen in otherwise healthy individuals and the 130 

exact cause essentially remains unknown. The prevalence of RAS was reported to be as high 131 

as 39 percent in children, influenced by the manifestation of RAS in one or both parents. 132 

Children with RAS-positive parents are 90% more likely to develop RAS and children with 133 

RAS-negative parents are 20% more likely to develop the condition. Relationship between 134 

RAS and advancing age is believed to be indirectly proportional, with the peak onset between 135 

10 and 19 years of age (Chavan et. al., 2012). 136 

Although the exact cause remains idiopathic for true RAS (Porter et. al., 2000), RAS-like 137 

oral mucosal ulcerations can have a multifactorial aetiology (systemic diseases, 138 

psychological stress, puberty, trauma, smoking cessation, food sensitivities, genetic 139 

predisposition, immunological disorders, immunosuppressive medications, Human 140 

Immunodeficiency Virus infection, etc.) (Porter et. al., 2000; Porter et. al. 1998), 141 

 142 

1.1.2 Description of the intervention 143 

Management strategies for RAS is largely palliative, aimed at reduction of pain, to shorten 144 

the duration of ulcers/reduce healing time and decrease recurrence. No available therapy is 145 

known to cause complete remission, though various topical and systemic therapies have been 146 
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employed. Standard of care includes the local or systemic use of corticosteroids, which come 147 

with possible side effects, such as, oral candidiasis, weight gain, muscle weakness, and lower 148 

resistance to infection. Nutritional deficiencies or haematological conditions (i.e. iron 149 

deficiency anaemia, neutropenia) have shown a strong positive correlation in the 150 

formation/aetiology of recurrent aphthous ulcerations (Casiglia et. al., 2010; Nolan et. al., 151 

1991). Numerous studies have found that patients receiving treatment for iron, folate, and 152 

vitamin B12, show a 71% improvement after the replacement therapy (Oslon et. al., 1982; 153 

Piskin et. al., 2002; Dholakia et. al., 2005). 154 

In 2009 Volkov et al., conducted a randomised double-blind, placebo-controlled trial to 155 

favour vitamin B12 in the management of RAS. The study proposed that daily use of 1000 156 

micrograms (mcg) vitamin B12 placed beneath the tongue could be prophylactic for aphthous 157 

ulcers after five to six months of continued use. Its success as management for patients 158 

experiencing RAS was independent of their serum vitamin B12 level (Volkov et. al., 2009).  159 

The root cause of vitamin B12 deficiency is thought to be due to food-cobalamin 160 

malabsorption as a result of gastric dysfunction. Vitamin B12 is an essential supplement 161 

required for DNA synthesis and its deficiency can lead to suppression of cell division in the 162 

bone marrow. As a consequence, red blood cells (RBCs) increase in size leading to 163 

megaloblastic anaemia. In the oral cavity, this can result in various oral manifestations, one 164 

of which is generalised recurrent oral ulcerations (Volkov et. al., 2009). Therefore, oral intake 165 

of vitamin B12 can considerably reduce the rate of recurrence and symptoms associated with 166 

RAS (Volkov et. al., 2009). 167 

Zinc sulfate plays a fundamental role in providing nutrition for growth in humans, animals, 168 

and plants (Fickel et. al., 1986; Keen et. al., 1990; Solomons, 1979; Bates et. al. 1981). In a 169 

study by Sharquie et al., 2008, the therapeutic and preventive function of oral zinc sulfate 170 
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and dapsone were evaluated in the management of RAS. A substantial decrease in the number 171 

of aphthous ulcers was seen in both treatment arms. Zinc sulfate had a much greater, rapid 172 

and prolonged action and less harmful side effects as compared to dapsone (Sharquie et. al., 173 

2008).  Oral zinc sulfate has also proven to be beneficial in the treatment of RAS. Each living 174 

cell and bodily secretions contain zinc, the second most common trace metal in the body of 175 

all human beings (Lansdown, 1996). It has evoked considerable curiosity due to its 176 

immunoregulatory, antioxidant, and antimicrobial properties. It is a crucial component of 177 

carbonic anhydrase, DNA and RNA polymerases, reverse transcriptase, proteases, and 178 

enzymes that play a fundamental role in accelerating the wound healing process (therefore, 179 

preserving epithelial integrity). Various studies encourage its possible use in the management 180 

or prevention of recurrent oral ulcers (Lansdown, 1996). 181 

Fish oil is loaded with omega-3 polyunsaturated fatty acids, namely eicosapentaenoic acid 182 

(EPA) and docosahexaenoic acid (DHA). Current studies have examined the favourable 183 

outcomes of fish oil on chronic inflammatory processes for instance, rheumatoid arthritis 184 

(RA), systemic lupus erythematosus (SLE), and chronic periodontitis (Duffy et. al., 2004; 185 

Calder, 2008; Elkhouli, 2011). Various studies agree that 1.5 g of DHA/EPA supplements 186 

daily may considerably help to reduce inflammatory processes, though some say a higher 187 

dose (3.5 g/day) may be more beneficial (Kremer et.al., 1990).  In 2016, Nosratzehi et. al., 188 

examined the effects of omega-3 on RAS and the results found that the symptoms associated 189 

with RAS decreased substantially with its use.  EPA and DHA are considered long chain 190 

Omega-3 fatty acids because EPA contains 20 carbon atoms and DHA contains 22 carbon 191 

atoms. Both DHA and EPA control lymphocyte proliferation by alerting the cellular function 192 

of polymorphonuclear leukocytes. They are known to regulate the movement of 193 

inflammatory cells to the sites of inflammation and block the proinflammatory cytokine 194 

production. They also improve the activity and mRNA expression of antioxidant enzymes 195 
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such as glutathione peroxidase, superoxide dismutase and catalase, which ultimately reduces 196 

inflammation and stimulates tissue regeneration at the site of the lesion (El-Gendy, 2014). 197 

Higher levels of Omega-3 have a suppressive effect on the production of Omega-6 198 

arachidonic derived proinflammatory prostaglandins and leukotrienes, thus limiting the 199 

amount of tissue damage. Omega-3 metabolites such as pro-resolving lipid mediators, 200 

resolvins and protectins can help with resolution of inflammation and aid in wound healing 201 

via their anti-inflammatory and immunoregulatory effects (El-Gendy, 2014). 202 

 203 

The effectiveness of the intervention is evaluated through size of the lesion and pain 204 

reduction. There are a number of ways through which pain levels can be measured, such as 205 

the Visual Analog Scale (VAS) and Numerous Rating Scale (NRS) (Bielewicz et. al., 2022). 206 

For the NRS scoring system the patient is given a 11-point scale (“0” indicates no pain and 207 

“10” indicates most severe pain), is then asked to grade their own pain intensity. Whereas, 208 

the VAS scoring system requires no scale and there’s a 100 mm horizontal line (left end 209 

indicating “no pain” and right end representing “most severe pain”). The patient is then asked 210 

to mark pain intensity that he/she is going through at the time of examination (Bielewicz et. 211 

al., 2022). 212 

 213 

1.1.3 Why is it important to do this review? 214 

 215 

RAS is common worldwide, a considerably painful condition and significantly affects quality 216 

of life. Oral supplements such as vitamin B12, zinc sulfate and omega-3 are prescribed 217 

anecdotally in the management of recurrent aphthous stomatitis, despite inadequate clinical 218 

evidence-based literature supporting its use. No previous systematic reviews have been 219 

conducted on this question to date.  220 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

9 

 221 

 222 

1.1.4 The review question 223 

 224 

In persons with recurrent aphthous stomatitis, are oral supplemental interventions (Vit B12, 225 

Zinc Sulphate, Omega 3), compared with standard of care, associated with improved clinical 226 

outcomes?  227 

 228 

 229 

 230 

2. Aim of the study 231 

 232 

The aim of this review is to assemble evidence to support or refute the use of oral supplements 233 

such as vitamin B12, zinc sulfate, and omega-3 for the management of RAS.  234 

 235 

 236 

 237 

3. Materials and Methods 238 

3.1. Criteria for considering studies in this review 239 

 240 

3.1.1 Types of studies:  241 

All studies that concentrated on the use of oral supplements such as, vitamin B12, zinc sulfate 242 

and omega-3 in the management of recurrent aphthous stomatitis were included.  243 
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 244 

• Inclusion criteria:  245 

o Otherwise-healthy children and adults with RAS 246 

o Randomised controlled clinical trials, quasi randomised clinical trials  247 

o Utilization of oral vit B12, zinc sulfate or omega-3 alone or in any 248 

combination with other forms of treatment for RAS will be used 249 

o Studies reporting clinical cure/resolution of RAS 250 

 251 

• Exclusion criteria: 252 

o Patients with RAS-like lesions with systemic conditions 253 

o Studies without control groups  254 

o Case reports  255 

o Case series  256 

o Studies with inadequate data (means, SD) 257 

o In-vitro studies and  258 

o Review papers 259 

 260 

3.1.2 Types of Participants/Population: 261 

Children and adults with RAS with no underlying systemic conditions that may contribute to 262 

lesion formation. RAS is clinically defined as being discrete, localised, painful, shallow, 263 

well-defined lesions, surrounded by an erythematous rim, with a yellow or greyish base. 264 

 265 

3.1.3 Types of Intervention: 266 

We included all interventions that used oral supplements including vitamin B12, zinc sulfate 267 

or omega-3 alone or in any combination with other forms of treatment. 268 
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 269 

3.1.4 Types of Comparator/Control: 270 

Standard of care. 271 

 272 

3.1.5 Types of outcomes measures: 273 

 274 

Primary outcomes 275 

The primary objective was to determine whether oral supplements were successful in causing 276 

complete resolution of signs (clinical cure), aided in the resolution of symptoms and 277 

reduction in the lesion severity (clinical response). This was accomplished by measuring pain 278 

via VAS and NRS scores and the diameter of ulcers. 279 

 280 

Secondary outcomes 281 

The secondary objectives included rate of effectiveness of the intervention, rate of 282 

recurrence, healing time and adverse effects associated with all of the three interventions. 283 

 284 

3.1.6 Time Frame and Language 285 

There were no restrictions set on time frame or language in the electronic database search 286 

during the search process. We did not find any articles that were not written in English. 287 

 288 

3.2 Information sources and search strategy 289 

The protocol for this systematic review was registered with PROSPERO registry of the 290 

University of York, with the registration number (CRD42020201197). It followed the 291 

guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses 292 

(PRISMA-P) (Moher et. al., 2009). 293 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

12 

A thorough literature search was carried out and completed in October, 2021. We used the 294 

following search (strategy in PubMed (Table 1), which was then altered according to the 295 

various databases being used for the searching process. The searches were merged with the 296 

medical subject headings (Mesh) and the following keywords were used “vitamin B12, 297 

cobalamin, zinc sulfate, omega-3” AND “recurrent aphthous stomatitis or RAS”, i.e., 298 

"Stomatitis, Aphthous"[Mesh]  OR  Aphthous[Title/Abstract]   AND  ORAL[Title/Abstract]  299 

AND "Vitamin B 12"[Mesh]  OR  "Zinc Sulfate"[Mesh]  OR  "Fatty Acids  OR  "Omega-300 

3"[Mesh].  301 

 302 

 303 

 304 

The following databases were used to conduct the search: PubMed, The Cochrane Library 305 

and Scopus. We also used google scholar (first 200 hits) to complement our search strategy. 306 

It included randomized controlled clinical trials and quasi randomized clinical studies of 307 

vitamin B12, zinc sulfate, and omega-3 supplements alone or combined/compared with other 308 

forms of treatment. Hand-searching of references of the included studies was carried out, to 309 

find any additional studies that pertained to this systematic review. The search results were 310 

fully documented, reported and compared between the various databases. The reference 311 
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manager that we used for our references was Mendeley software. We used Rayyan software 312 

to aid us in screening of the abstracts and titles and accelerate the inclusion and exclusion 313 

process (Ouzzani et. al., 2016).  314 

3.3 Study procedure and statistical methods 315 

 316 

3.3.1 Study selection and data extraction  317 

All the articles were confirmed by two reviewers (WM and HH) independently, according to 318 

the eligibility of studies, and the discrepancies were resolved by consensus. Both the 319 

researchers individually performed title, abstract screening and full-text evaluation. The 320 

entire data was extracted and gathered in a standardised template with excel software. For 321 

any lacking information, we tried to communicate with the corresponding authors. Standard 322 

data extraction tables included study characteristics, eligible criteria, participants’ 323 

characteristics, interventions, outcomes, follow-ups, adverse events. 324 

 325 

To assess the quantitative data from the included studies, the researchers tabulated these 326 

results into Review Manager (RevMan) software for statistical analysis and then all the 327 

required data was gathered to perform a meta-analysis of the studies. We assessed two 328 

primary outcomes: 1) pain severity levels; and 2) the diameter of the ulcer. These studies 329 

analysed clinical change at different time intervals for the interventions. Forest plots were 330 

made for each of the interventions at various time intervals.  331 

 332 

All data involving the continuous variables was expressed and reported using mean 333 

difference and 95% confidence interval (95% CI). The weight of every study was estimated 334 

based on the inverse of the variance. We used a random-effects model for this analysis. 335 

Where the data was lacking and incomplete, a narrative report was generated of the results.  336 
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 337 

3.3.2 Assessment of methodological quality of trials and risk of bias 338 

Both the reviewers carried out an assessment for the quality of the study and risk of bias for 339 

all the included studies. We used the Cochrane Collaboration risk of bias tool to accomplish 340 

this. The quality of the research will be evaluated by using the Cochrane risk of bias criteria 341 

for grading of the included studies.  342 

After Applying this approach, the evidence will be classified as high, moderate, low, very 343 

low quality based on the risk of bias, inconsistency, indirectness, imprecision, and other 344 

domains. We assumed that the quality of the evidence was the highest at first and 345 

incrementally decreased according to the deficiencies of the study. 346 

 347 

3.3.3 Investigation of heterogeneity  348 

To analyse heterogeneity, we used the I2 test. If I2 < 50%, we considered that there is no 349 

heterogeneity, and a fixed effects model was performed. If I2 > 50%, we considered that there 350 

is heterogeneity, by using a random effects model in the study. Where heterogeneity was 351 

present, we tried to carry out sensitivity analysis and subgroup analysis to detect the source 352 

of heterogeneity. 353 

 354 

3.3.4 Sensitivity Analysis 355 

Where heterogeneity was high sensitivity analysis was performed. 356 

 357 

3.3.5 Subgroup Analysis 358 

There was sufficient data to perform subgroup analysis. 359 

 360 

3.3.6 Assessment of Reporting Bias 361 
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Funnel plot was used to detect publication bias of included studies. There was not enough 362 

data to perform the assessment of reporting bias.  363 

4. Results 364 

 365 

4.1 Study selection 366 

The PRISMA flowchart was used in the study selection process (Fig. 1). We found 128 titles 367 

among the electronic databases searched. No additional articles were found via hand-368 

searching. The titles were assembled and 27 duplicates were removed. The remaining 101 369 

titles were analysed and 25 were excluded based on title and abstract and further six were 370 

excluded due to full-text not being available. Seventy full-text articles were assessed for 371 

eligibility, out of which 62 were excluded with reasons, as mentioned in Figure 1. There were 372 

eight studies included for the qualitative synthesis and seven were used for quantitative 373 

synthesis (meta-analysis).   374 
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 375 
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F/T unavailable (n = 6) 

Figure 1. Schematic PRISMA flow diagram of the literature search. 
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4.2 Study designs  377 

All studies that consisted of oral supplements (vitamin B12. Omega-3 and zinc sulfate) for 378 

the management of recurrent aphthous stomatitis were included, all of which were 379 

randomised control trials.  380 

 381 

4.3 Study Participants (Table 2)  382 

All the studies included in this review were carried out in different parts of the world. Three 383 

of the studies were conducted in Iran (Ghobani et al., 2020; Hadian et al., 2021; Nosratzehi 384 

et al., 2016), the rest of the studies were conducted in Egypt (El Khouli et al., 2014), Taiwan, 385 

(Liu et al., 2015), Turkey (Orbak et al., 2002), Iraq (Sharquie et al., 2008), and Israel (Volkov 386 

et al., 2009). All studies mentioned the mean age of the participants, except for the study 387 

conducted by Sharquie et. al., in 2008. It also did not mention the male: female ratio in all of 388 

the study groups. We tried contacting the author but unfortunately, we did not receive a 389 

response.  390 

 391 
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 392 

4.4 Treatment Parameters (Table 3)  393 

 394 

4.4.1. Nature of the intervention 395 

All of the included studies used one of the three interventions (vitamin B12, zinc sulfate or 396 

omega-3). Two studies used vitamin B12 as an intervention to see the effectiveness of it in 397 

treating RAS (Liu et al., 2015; Volkov et al., 2009). Three studies used zinc sulfate to 398 

evaluate the effectiveness of it in the improvement of RAS (Ghobani et al., 2020; Sharquie 399 

et. al., 2008; Orbak et al., 2002). Lastly, three studies evaluated the treatment of RAS by 400 

analysing the effects of omega-3 fatty acids and improvement of quality of life (El Khouli et 401 

al., 2014; Hadian et al., 2021; Nosratzehi et al., 2016).   402 

 403 

4.4.2.  Intervention arms and treatment regimen 404 

Three studies used omega 3 capsules (1000 mg) three times daily for six months (El Khouli 405 

et al., 2014; Hadian et al., 2021; Nosratzehi et al., 2016). Three studies used zinc sulfate as 406 

the treatment; one used 5 mg mucoadhesive tablet three times a day for 7 days (Ghobani et 407 

al., 2020), the second study used 220 mg once a day for one month (Orbak et al., 2002), and 408 

the last study used 150 mg capsule 2 times a day for 3 months (Sharquie et. al., 2008). Two 409 

studies used vitamin B12 as an intervention, one used 500 µg oral ointment four times a day 410 

for 2 days (Liu et al., 2015), while the other one used a single dose of 1000 mcg sublingual 411 

tablet for six months (Volkov et al., 2009).  412 

 413 
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 414 

 415 

4.4.3 Method of clinical assessment  416 

Five studies used Visual Analog Scale (VAS) to assess the average level of pain during the 417 

follow up period (El Khouli et al., 2014; Hadian et al., 2021; Nosratzehi et al., 2016; Ghobani 418 

et al., 2020; Liu et al., 2015). One study by Volkov et. al., employed a different method by 419 

using Numerous Rating Scale (NRS) to examine the pain level.  420 

Four studies performed a visual assessment by measuring the decrease in the average 421 

diameter of the ulcer in millimeters, during the follow up period (Hadian et al., 2021; 422 

Ghobani et al., 2020; Nosratzehi et al., 2016; Sharquie et. al., 2008).  The study by Orbak et. 423 

al., 2002, did not measure neither the pain level, nor the ulcer size, therefore it was excluded 424 

from the review.  425 

 426 

 427 

4.5 Outcomes: Clinical improvement:pain 428 

 429 
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4.5.1. Pain scores (Any system) (6 studies, n=280)  430 

Administration of supplemental interventions showed significant clincical improvement, as 431 

compared to the control group, thus demonstrating clincially effectiveness (mean difference 432 

(MD) -1.21 [95% CI, -2.24 to -0.18];I2=93%) (Fig. 2). 433 

 434 

Figure 2: Forest plot of average pain level based on VAS and NRS (all interventions) 435 

 436 

 437 

4.5.2. VAS-based outcomes (5 studies, n=228) 438 

When using VAS to assess average pain level, supplemental interventions showed significant 439 

clincical improvement, as compared to the control group, thus being consistent with clincial 440 

effectiveness (mean difference (MD) -2.40 [95% CI, -4.59 to -0.20]; I2 =96%) (Fig. S2). 441 

 442 

4.5.3. Effectiveness of Omega-3 (VAS-based) (2 studies, n=90) 443 

When analysing omega-3 on its own at the third month, the finding remained consistent 444 

with regard to clincal efficacy as assesed using VAS (Fig. 3) (mean difference (MD) -1.36 445 

[95% CI, -2.33 to -0.40]; I2=76%). 446 

 447 

Figure 3: Forest plot of average pain level based on VAS at 3 month (omega-3) 448 

 449 
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 450 

4.5.4. Effectiveness of Omega-3 (VAS-based) (3 studies, n=140) 451 

When analysing omega-3 on its own at sixth month, the finding remained consistent with 452 

regard to clinical efficacy as assessed using VAS (Fig. 4) (mean difference (MD) -2.30 453 

[95% CI, -6.46 to 1.85]; I2 = 98%). 454 

 455 

Figure 4: Forest plot of average pain level based on VAS  at 6 month (omega-3) 456 

 457 

 458 

4.5.5. Effectiveness of vitamin B12 (VAS;NRS-based) (2 studies, n=94) 459 

When analysing vitamin B12 on its own, the findings were statistically significant in regard 460 

to clinical efficacy as assessed using both VAS and NRS (Fig. 5) (mean difference (MD) -461 

1.04 [95% CI, -1.47 to -0.60]; I2 = 0%). 462 

 463 

Figure 5: Forest plot of average pain level based on VAS and NRS (vitamin B12) 464 

 465 

4.5.6. Effectiveness of zinc sulfate and omega-3 at third month (2 studies) 466 

When analysing both omega-3 and zinc sulfate respectively, both were statistically 467 

significant as assesed by decrease in ulcer size (Fig. 6)  468 
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469 

Figure 6: Forest plot of decrease in  ulcer diameter in millimetres at 3 months 470 

 471 

 472 

4.5.7. Effectiveness of omega-3 at sixth month (2 studies, n=90) 473 

When analysing omega-3 on its own at six month interval, no statistically significant 474 

difference was found with regard to clinical efficacy, as assessed by decrease in ulcer size 475 

(Fig. 7) (mean difference (MD) 0.01 [95% CI, -2.23 to 2.34]; I2 = 94%). 476 

 477 

Figure 7: Forest plot of decrease in  ulcer diameter in millimetres at 6 months (omega-3) 478 

4.5.8. Effectiveness of zinc sulfate at sixth month (2 studies, n=76) 479 

When analysing zinc sulfate on its own at six month interval, the findings were statistically 480 

significant with regard to clinical efficacy as assessed by decrease in ulcer size (Fig. 8) 481 

(mean difference (MD) -3.25 [95% CI, -5.57 to -0.92]; I2 = 74%). 482 

 483 

Fig 8: Forest plot of decrease in  ulcer diameter in millimetres at 6 months (zinc sulfate) 484 

 485 

 486 

 487 
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4.6. Publication bias 488 

The researchers were unable to conduct an assessment of publication bias due to the 489 

sparsity of studies. 490 

 491 

 492 

4.7. Quality assessment  493 

We used the Cochrane risk of bias criteria for grading of the included studies (Cochrane 494 

handbook). Overall, studies were evaluated where data was available and were considered 495 

to be of low risk of bias (Figure 12).  496 

 497 

Figure 9: Risk of bias of included studies   498 

(green and red circles, low and high risk of bias, respectively;  blank space, unclear risk of 499 

bias based on study data provided) 500 

 501 

 502 

 503 

 504 

 505 

 506 
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 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 

 515 

5. Discussion 516 

 517 

This systematic review and meta-analysis found evidence for the effectiveness of vitamin 518 

B12, zinc sulfate and omega-3 in decreasing the pain level and ulcer size, with regard to the 519 

management of RAS.  520 

 521 

Despite substantial investigation, there is no conclusive therapy for the treatment of RAS. 522 

Several studies have attempted oral supplementation with vitamin B12, zinc sulfate and 523 

omega-3 in individuals suffering from RAS with mixed outcomes. As a result, the goal of 524 

this systematic review was to analyse the current and  most recent data in order to answer the 525 

following primary research question: "Is oral supplemental interventions (vit B12, zinc 526 

sulphate, omega 3), compared with standard of care, associated with improved clinical 527 

outcomes for RAS management? This is the first systematic review and meta-analysis 528 

performed to compare the efficacy of these three oral supplementations.  529 

 530 
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Mainly, the findings of this systematic review revealed that oral vitamin B12, zinc sulfate 531 

and omega-3 have favourable effects in RAS patients with no or minor negative side effects. 532 

Oral supplementation with each individual supplement, was found to be more effective than 533 

the control group in the majority of the research considered. 534 

 535 

There were two primary outcomes that were assessed through meta-analysis. One was the 536 

average level of ulcer pain using VAS or NRS and the other one was a decrease in the size 537 

of the diameter of the ulcer. There was a considerable improvement in pain level after the 538 

administration of these supplemental oral interventions (Fig. 2). The heterogeneity was quite 539 

high though. This could have been attributed to the study by Nosratzehi et al., 2016, which 540 

was a possible outlier, as evidenced by the decrease in heterogeneity to 73%, after removal 541 

from the meta-analysis. It was unclear as to why this happened, as the sample size and all the 542 

intervention parameters were similar to the study done on omega-3 previously (El Khouli et 543 

al., 2014). The effect of unidentified risk factors within their patient population may have 544 

contributed to this.  545 

 546 

Omega-3 proved beneficial in pain reduction, when assessed on its own using VAS, at the 547 

third and sixth month interval, respectively (El Khouli et al., 2014; Hadian et al., 2021; 548 

Nosratzehi et al., 2016) (Fig. 3 and Fig. 4). However, at the sixth month interval the 549 

heterogeneity was high and after omitting the outlier study by Nosratzehi et al., 2016, the 550 

heterogeneity substantially decreased (51%). Again, we were unable to find the reason 551 

behind this study being so heterogenous.  552 

 553 

When vitamin B12 was assessed on its own using VAS and NRS, the results showed that 554 

vitamin B12 significantly decreases the pain level associated with RAS  (El Khouli et al., 555 
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2014; Hadian et al., 2021; Nosratzehi et al., 2016) and thus,  proved to helpful in the treatment 556 

of RAS (Fig. 5).  557 

  558 

Decrease in ulcer size/diameter was another primary outcome evaluated in the review. Only 559 

omega-3 and zinc sulfate studies measured this outcome and proved effective in decreasing 560 

the size of the ulcer. Their effectiveness was notable after three months of use. The 561 

heterogeneity was high which could be due to the fact that both studies used different 562 

interventions. In addition, the frequency of the intervention differed and the trial duration 563 

was higher in the study employing omega-3 supplementation (Hadian et. al. 2021) (Fig. 6).  564 

 565 

At six months, supplementation with omega-3 did not provide any further or additional 566 

decrease in the diameter of the ulcer, clinically. The heterogeneity of these two studies was 567 

high, which could be attributed to the fact that the total number randomised in the study by 568 

Hadian et. al., were less as compared to the study by Nosratzehi et. al. (Fig. 7). 569 

 570 

However, zinc sulfate did provide a further decrease in ulcer size at 6 months. The factors 571 

that might have attributed to high heterogeneity could have been the varying sample size and 572 

study duration of both the studies; Ghorbani et al. sample size was more than the study by 573 

Sharquie et al. Study duration in the study by Ghorbani et. al. was significantly less than the 574 

other study. Another notable difference was in the dosage of the zinc sulfate formulation. 575 

Sharquie et. al. had a higher dose which was in a mucoadhesive tablet form, whereas, 576 

Ghorbani et al. had a lower dose in a capsule form (Fig. 8). 577 

 578 

This reduction in pain after oral intake of zinc, highlights the fact that the trace element 579 

zinc functions as a cofactor and is essential for cell differentiation, development, 580 
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regeneration, and wound repair. Zinc has immune system regulating properties, such as 581 

limiting T helper-17 cell activity, suppressing inflammatory cytokine production, 582 

decreasing neutrophil chemotaxis, and downregulating the expression of Toll-like receptor-583 

2 in keratinocytes (Dhaliwal et. al., 2020; Prasad, 2008). Through their anti-inflammatory 584 

and immunoregulatory properties, omega-3 metabolites such as pro-resolving lipid 585 

mediators, resolvins, and protectins can aid in wound repair and resolution of inflammation 586 

(El-Gendy, 2014).  587 

 588 

While conducting this study, comprehensive search was undertaken and appraisal was done 589 

with a peer-reviewed tool. Robust methods were used in synthesising the data.  590 

Nevertheless, there are several factors that could pose as limitations. Firstly, the limited 591 

amount of data available for analysis represents a major limitation. Secondly,  there was no 592 

standardisation of methods; various studies used different methodology and the 593 

methodologies werent rigorous enough. The interventions of oral supplements also vary 594 

from one study to another. Thirdly, there was variability of participants and assessment, 595 

imparting great heterogeneity to the included studies in terms of setting, assay methods, 596 

participant age, gender, and ethnicity was a major restriction, making it challenging to 597 

make definite conclusions. 598 

 599 

RAS is a mild and self-limiting condition, which has a great influence on everyday life of 600 

people ascribed to the excessive recurrence rate. The goal of this systematic review and 601 

meta-analysis was to gauge the efficacy of oral supplements such as, vitamin B12, zinc 602 

sulfate and omega-3 to resolve pain or reduce the pain severity of recurrent aphthous 603 

stomatitis. This is the first systematic review and meta-analysis to evaluate the efficacy of 604 

oral supplements such as, vitamin B12, zinc sulfate and omega-3 to resolve or reduce the 605 
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pain severity and size of recurrent aphthous stomatitis. We hope that our research was 606 

beneficial to add to the current evidence supporting the use of oral supplements in the 607 

management of RAS. 608 

 609 

 610 

 611 

 612 

 613 

 614 

 615 

6. Conclusions 616 

  617 

6.1. Implications for Practice: 618 

The findings of this systematic review and meta-analysis imply that vitamin B12, omega-3 619 

and zinc supplementation appears to be effective in decreasing the size of RAS, managing 620 

the associated discomfort and pain, thus speeding up the healing process. It is a cost-621 

effective way to manage RAS, especially in public settings and is readily available without 622 

a prescription, thus improving the quality of life. Patients suffering from RAS should be 623 

prescribed these oral supplementations and encouraged to use it frequently,as it has 624 

considerably less associated systemic side effects than standard of care.  625 

 626 

6.2. Implications for Research 627 

Recurrent Aphthous Stomatitis is a common condition which can tremendously affect the 628 

quality of life of the affected individual. More robust clinical trials employing these oral 629 

supplements should be carried out, in addition to including risk factors asessment in 630 

Ahmed O.Saleem



http://etd.uwc.ac.za/

 
 

29 

population studied. In addition, studies correlating ulcer size and pain, needs to be 631 

investigated. Also, if both the zinc and omega-3 supplements are combined together and 632 

analysed in a clinical trial, it could possibly be a new favourable treatment regime. Also, 633 

population risk factors should be taken into account, as they could greatly influence the 634 

study outocme.  635 

 636 
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