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ABSTRACT: 

Background: Oral mucosal lesions (OMLs) represent the third most common oral pathology after dental caries 

and periodontal disease, yet epidemiological data in pediatric populations remain limited and highly variable. 

This systematic review and meta-analysis directed to determine the pooled prevalence of three specific OMLs 

geographic tongue (GT), recurrent aphthous stomatitis (RAS), and fissured tongue (FT) in children and 

adolescents. 

Methodology: A systematic search of PubMed, Google Scholar, and EBSCO databases was conducted for 

cross-sectional studies published between January 2002 and December 2022 reporting prevalence of GT, RAS, 

and FT in pediatric populations.  The Newcastle-Ottawa Scale adapted for cross-sectional studies was used for 

assessment of risk of bias. Meta-analysis was performed using a random-effects model with Freeman-Tukey 

double-arcsine transformation.  

Results: Fifteen studies were comprised which met inclusion criteria. The pooled prevalence was 4% (95% CI: 

2%-5%) for geographic tongue, 4% (95% CI: 3%-6%) for recurrent aphthous stomatitis, and 2% (95% CI: 0%-

3%) for fissured tongue. Substantial heterogeneity was observed across studies (I² > 97%). GT was more 

prevalent in younger children (0-6 years), while fissured tongue increased with age. Recurrent aphthous 

stomatitis showed significant association with systemic diseases, particularly gastrointestinal disorders and 

anemia. 

Conclusion: This review established that geographic tongue, recurrent aphthous stomatitis, and fissured tongue 

are relatively common in pediatric populations, with prevalence patterns varying by age. 
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INTRODUCTION 

Oral Mucosal Lesions (OML) refer to a variety of abnormalities associated with the oral mucosa and can be 

manifested by color change, mucosal surface changes, inflammation, ulceration, and mucosal breakdown 

(Neville et al., 2016). These lesions occur across different age groups and geographic populations and comprise 

a diverse spectrum of oral conditions (Gonsalves et al., 2007). Among children, lesions of the oral mucosa form 

an important part of oral health care; however, studies on the prevalence of these conditions remain scarce when 

compared to the prevalence of tooth decay and gum diseases (Jaganathan et al., 2015). Oral health surveys based 

on the population are useful for the determination of disease prevalence and planning (Organization, 2013). 

 

Epidemiological studies contribute valuable information on the frequency, distribution, and potential 

determinants of oral mucosal disorders, despite the fact that variations in the methodology of such research can 

have an effect on results obtained (Kleinman et al., 1991). Consequently, considerable variation has been 

observed among paediatric surveys, making direct comparison between studies difficult because of 
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methodological and diagnostic differences (Braga et al., 2015). A systematic review of oral mucosal lesions in 

children and adolescents similarly demonstrated wide variation in reported prevalence across populations, with 

geographic tongue, fissured tongue, and recurrent aphthous stomatitis among the commonly reported conditions 

(De Paula et al., 2021). 

1.1 Geographic Tongue 

Geographic tongue, also known as benign migratory glossitis or erythema migrans, is a benign, chronic, 

recurring inflammatory condition of unclear etiology (Assimakopoulos et al., 2002; Klein et al., 2026). It is 

characterized by multiple well-demarcated areas of erythema due to atrophy of filiform papillae, surrounded 

partially or completely by slightly elevated, white scalloped borders (Jainkittivong & Langlais, 2005; Picciani et 

al., 2016). The literature shows wide variation in prevalence, ranging from 0.37% to 14.3% (J. Shulman & 

Carpenter, 2006; Miloğlu et al., 2009; Renert-Yuval & Guttman-Yassky, 2019). Geographic tongue typically 

begins in childhood (between 6 and 12 months) and is most frequently observed in children aged approximately 

four to four-and-a-half years (Iqbal et al., 2017). According to authors, the difference in prevalence among age 

groups may indicate that non-genetic factors participate in the multifactorial etiology (Pinna et al., 2019). 

1.2 Recurrent Aphthous Stomatitis 

Recurrent aphthous stomatitis (RAS), also referred to as aphthous ulcer or canker sores, affects 10-20% of the 

population and is the most common oral ulcerative disease (Herrera González et al., 2014; Scully & Porter, 

2008). RAS is clinically characterized by multiple ulcers in the oral cavity that heal within 7-14 days (Jurge et 

al., 2006; Parra-Moreno et al., 2022). The prevalence during 1986-1996 ranged between 1.23% and 10.8% 

(Baccaglini et al., 2011). Despite intensive research, the definitive etiology remains unknown, though genetic 

predisposition with strong associations with interleukin genotypes and sometimes family history has been 

identified (Manfredini et al., 2021; Evereklioglu, 2011).  

1.3 Fissured Tongue 

FT is a developmental anomaly of the dorsum of the tongue, clinically described by grooves varying in depth 

along the dorsal and lateral aspects. These deep fissures may trap food debris, leading to inflammation, 

secondary fungal infection, and halitosis. Patients are usually asymptomatic, and the condition often requires no 

treatment beyond maintaining good oral hygiene. Literature reveals wide variability in prevalence worldwide, 

from 1.49% to 23% (Jabbarian et al., 2025). Increased prevalence may be due to factors such as salivary 

hypofunction, vitamin B deficiency, and candidiasis (Ziaei et al., 2022). 

Soft tissue oral illnesses may be investigated due to the lack of epidemiologic data in this field. The 

epidemiologic literature on children and adolescents is still very small, despite recommendations from the 

World Health Organization. This systematic review was carried out to examine the prevalence of oral mucosal 

lesions in children and to direct further studies in this field. 

1.4 Research question  

“What is the prevalence of OMLs- geographic tongue, recurrent apthous stomatitis and fissured tongue in 

children and adolescents?” 

Objectives 

To conclude the pooled prevalence of GT, RAS, and FT amongst children and adolescents.  

To associate the prevalence patterns of these oral mucosal lesions across different age groups and geographic 

populations.  

To evaluate the methodological quality and ROB of the studies involved in the systematic review and meta-

analysis. 

 

2. MATERIALS AND METHODS  

2.1 Protocol and registration 

The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses PRISMA 2021 

reporting standards for systematic reviews and meta-analyses (Page et al., 2021), and was prospectively enrolled 

in PROSPERO (ID: CRD420251251465). 

2.2 Eligibility criteria 

Original cross-sectional studies published in English between 1 January 2002 and 31 December 2022 that 

evaluated the prevalence of OMLs in children and adolescents (0–18 years), included the predefined search 

terms in the title, abstract, or keywords, and were available as free full-text articles were included, whereas 

cohort studies, case-control studies, case reports, case series, reviews, editorials, conference abstracts, non-

English articles, studies involving adults, duplicate publications, and studies not specifically reporting the 

prevalence of ORLs were excluded. 

2.3 Search strategy and methodology 

A systematic search was handled in Medline through PubMed, Google Scholar, and EBSCO from 01/01/2002 to 

31/12/2022. The search strategy utilized terms for population (Children, Adolescents, Infants), comparison 

(Geographic tongue, glossitis benign migratory, recurrent aphthous stomatitis, stomatitis aphthous, fissured 

tongue), outcome (Prevalence of OMLs), and study design (Cross-sectional studies). The complete search 

strategy and search terms used for the systematic review are confirmed in Table 1. 
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Table 1. Search Strategy 

Category Search terms 

Population Children*[Title/Abstract]  

Adolescents* [Title/Abstract], 

Infants*[Title/Abstract] 

Comparison Geographic tongue*[Title/Abstract 

"glossitis, benign migratory"*[Title/Abstract]  

"Recurrent aphthous stomatitis" 

*[Title/Abstract]  

"Stomatitis, Apthous "*[Title/Abstract]  

Fissured Tongue*[Title/Abstract] 

Outcome Prevalence of oral mucosal lesions 

Study design Cross-sectional studies* 

 1 AND 2 AND 3 AND 4 

 

2.4 Selection Process 

Two separate reviewers (MW and VC) got full-text versions of the qualifying studies and thoroughly examined 

them for inclusion. Ambiguities and disputes were settled. 

 

2.5 Data extraction and data items 

Data were independently extracted using a standardized form capturing author, year, age group, study design 

and comparator type was recorded as mentioned in Table 2. 

 

Table 2. Data Extraction 

Sr 

no. 

Author’s 

names, year 

of study & 

geographical 

location 

Sample Size Type of 

Study 

Geographic 

Tongue 

Recurrent 

Aphthous 

Stomatitis 

Fissured 

Tongue 

TOTAL MALE FEMALE 

01. 

(A. A. 

Hussein et 

al., 2017) 

1366 639 727 

Retrospective 

Cross 

sectional 

study 

 

16.8% 1.2% 14.6% 

02. 

(Amadori et 

al., 2017) 
6374 3387 2987 

Cross 

sectional 

study 

 

9.6% 18%  

03. 

(Ambika et 

al., 2011) 
1003 459 544 

Cross 

sectional 

study 

 

1.4% 0.1% 4.9% 

04. 

(Bessa et al., 

2004) 
1211 571 640 

Cross 

sectional 

study 

 

30.5% 5.19% 4.92% 

05. 

(Boras et al., 

2013) 

142 72 70 Retrospective 

Cross 

sectional 

study 

 

13.38% 14.08% 1% 

06. 

(Garcia-Pola 

et al., 2002) 

 

243 117 126 Retrospective 

Cross 

sectional 

study 

 

8.16% 4.08% 
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2.6 Risk of bias and certainty assessment 

The methodological quality and risk of bias of the included studies were assessed using the Newcastle–Ottawa 

Scale (NOS) adapted for cross-sectional studies (Wells et al., 2000). The scale estimates three domains: 

selection (max. five stars), comparability (max. one star), and outcome assessment (maximum two stars), with a 

total possible score of eight stars. Studies scoring 7–8 stars were regard as to have a low ROB, those scoring 5–6 

stars a moderate risk, and those scoring ≤4 stars a high risk of bias. The ROB consideration of the included 

studies using the Newcastle–Ottawa Scale is presented in Table 3. 

 

Table 3. Risk of Bias within Individual Studies 

07. 

(Owczarek-

Drabińska et 

al., 2022) 

143 83 60 Retrospective 

Cross 

sectional 

study 

 

5.6% 1.89%  

08. 

(Majorana et 

al., 2010) 
10128 5874 4254 

Retrospective 

Cross 

sectional 

study 

 

10% 14.8% 0.38% 

09. (Ünür et al., 

2015) 

1041 

 

551 490 Cross 

sectional 

study 

 

6.49% 8.66% 12.63% 

10. (S. A. 

Hussein & 

Noori, 2014) 

5113 2757 2356 Cross 

sectional 

study 

 

1.33% 2.25% 0.64% 

11. (J. D. 

Shulman, 

2005) 

914   Cross 

sectional 

study 

 

1.05% 1.64% 0.08% 

12. (Yañez et al., 

2016) 

101 47 54 Cross 

sectional 

study 

 

1% 6.9% 1% 

13. (Yilmaz et 

al., 2011) 

299 154 145 Cross 

sectional 

study 

 

2.68% 0.67%  

14 (Yao et al., 

2022) 

3145   Cross 

sectional 

study 

 

 

8.5%  6.7% 

15. (Vieira-

Andrade et 

al., 2013) 

541 281 260 Cross 

sectional 

study 

 

2.8%  0.6% 

Author Y

e

a

r 

Selection Compara

bility 

Outcome T

ot

al 

Ro

B 

Representativ

eness of the 

sample 

Sam

ple 

size 

 Non-

respon

dents 

 

Ascertainm

ent of 

exposure 

Confound

ing 

controlled 

Outcome 

assessme

nt  

S
tatistical test 

(A. A. Hussein 

et al., 2017) 

2

0

1

7 

* * * **   * * 7 Lo

w 
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2.7 Statistical Analysis 

Statistical analyses were accomplished using Meta XL version 5.1 with 95% confidence intervals (CI) and 95% 

prediction intervals (PI) for future prevalence estimations. The Freeman-Tukey double-arcsine transformation 

was used for variance stabilization of proportions (Freeman & Tukey, 1950) before pooling data with the 

random-effects model (DerSimonian & Laird, 1986). Chi-square and Tau-square assessed 

(Amadori et 

al., 2017) 

2

0

1

7 

  * * * * * * 6 Me

diu

m 

(Ambika et al., 

2011) 

2

0

1

1 

* * * **   * * 7 Lo

w 

(Vieira-

Andrade et al., 

2013) 

2

0

1

3 

* * * ** * * * 8 Lo

w 

(Bessa et al., 

2004) 

2

0

0

4 

*   * ** * * * 7 Lo

w 

(Boras et al., 

2013) 

2

0

1

3 

      **   * * 4 Hig

h 

(Garcia-Pola et 

al., 2002) 

2

0

0

2 

* *   **   * * 6 Me

diu

m 

(Yao et al., 

2022) 

2

0

2

2 

* * * ** * * * 8 Lo

w 

(Owczarek-

Drabińska et 

al., 2022) 

2

0

2

2 

*   * **   * * 6 Me

diu

m 

(Majorana et 

al., 2010) 

2

0

1

0 

* * * ** * * * 8 Lo

w 

(Ünür et al., 

2015) 

2

0

1

5 

    * **   * * 5 Me

diu

m 

(S. A. Hussein 

& Noori, 

2014) 

2

0

1

4 

* * * **   * * 6 Me

diu

m 

(J. D. 

Shulman, 

2005) 

2

0

0

5 

* * * ** * * * 8 Lo

w 

(Yañez et al., 

2016) 

2

0

1

6 

  *   **   * * 5 Me

diu

m 

(Yilmaz et al., 

2011) 

2

0

1

1 

    * **   * * 4 Hig

h 
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homogeneity/heterogeneity among studies. Heterogeneity was assessed using I² with thresholds of ≥25%, ≥50%, 

and ≥75% indicating low, moderate, and high heterogeneity, respectively (Higgins et al., 2003). Funnel plots 

and Doi plots with LFK indices were constructed to examine publication bias (Furuya-Kanamori et al., 2018).  

 

3. RESULTS 

Total of 306 articles were recognised after screening on PUBMED and GOOGLE SCHOLAR and EBSCO from 

which 32 duplicate articles were removed, remaining 274 articles were screened amongst which free full texts 

were not available for 174 articles, so the remaining 100 full text articles were evaluated for eligibility, amongst 

which 85 articles did not match the inclusion criteria, and therefore remaining 15 free full texts were 

incorporated for qualitative analysis and quantitative analysis (Figure 1). 

 
Figure 1 presents Forest plots showing Pooled prevalence of Geographic Tongue 

 

3.1 Study characteristics 

Fifteen cross-sectional studies including 33,812 children and adolescents assessed the prevalence of OMLs, 

geographic tongue (GT), recurrent aphthous stomatitis (RAS), and fissured tongue (FT) (Piyarathne et al., 2023; 

Majorana et al., 2010; Fernandes, 2019). All fifteen studies reported the prevalence of GT (Bessa et al., 2004; 

Escuin, 2020; Lešić et al., 2019), thirteen studies reported the prevalence of recurrent aphthous stomatitis (Gaber 

et al., 2022; Bachanek et al., 2018; Cagetti et al., 2019), and eleven studies reported the prevalence of FT (J. D. 

Shulman, 2005; PALATE, 2024). The included studies were conducted across multiple geographic regions 

including Brazil, Italy, USA, Turkey, Jordan, Iraq, India, Croatia, Spain, Poland, Chile, and China (ALTINTAŞ, 

2025; Scardueli et al., 2017; Zhang et al., 2023). 

 

3.2 Quantitative assessment of data 

The pooled prevalence of GT, estimated from 15 studies, was 4% (95% CI: 2%–5%; I² = 98%). The forest plot 

for the pooled prevalence of GT is showed in Figure 2.  

 
Figure 2 presents forest plots of Recurrent aphthous ulcer among children and adolescents 

 

Higher prevalence was reported among younger children (0–6 years), with the highest estimates observed in 

studies from Brazil (30.5%), Croatia (13.38%), and Italy (9.6%), whereas lower prevalence was reported in the 

United States (1.05%) and Turkey (2.68%). Recurrent aphthous stomatitis (RAS), based on 13 studies, 

demonstrated a pooled prevalence of 4% (95% CI: 3%–6%; I² = 97%) and was the most mutual oral mucosal 

lesion amongst children aged 0–13 years and the second most common among adolescents (Figure 3).  
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Figure 3 presents forest plots of Fissured tongue among children and adolescents 

 

Increased prevalence was reported in children with systemic conditions, particularly gastrointestinal disorders 

and anaemia, with the highest rates observed in Italy (18%) and Croatia (14.08%). Fissured tongue, evaluated 

across 11 studies, had a pooled prevalence of 2% (95% CI: 0%–3%; I² = 99%) and was more frequently 

observed in older children, with reported associations with allergy and congenital anomalies. The highest 

prevalence was reported from Jordan (14.6%) and Istanbul (12.63%), while the lowest prevalence was observed 

in the United States (0.08%) and Italy (0.38%). 

 

3.3 Risk of Bias and certainty Assessment 

Out of 15 studies, seven were categorized as low ROB, six as moderate risk, and two as high risk. The primary 

methodological concerns included lack of standardized diagnostic criteria, incomplete reporting of examiner 

calibration, and failure to report confidence intervals. 

 

4. DISCUSSION 

This SLR investigated the limited existing proof concerning the prevalence of OMLs in children and 

adolescents. To the best of the authors' knowledge, this is the first SLR with meta-analysis concerning the 

prevalence of these specific oral mucosal lesions in paediatric populations. 

 

4.1 Geographic Tongue 

The pooled prevalence of GT was 4% (95% CI: 2%-5%), which is consistent with previous literature reporting a 

global relative frequency of approximately 1-3% (Cebeci et al., 2009). Several authors reported higher 

prevalence in young children (0-6 years), hypothesizing that non-genetic multifactorial factors are contributory 

(Miloğlu et al., 2009). Pinna et al. revealed a strong difference between age groups, with children under ten 

years more likely to have migratory glossitis (Pinna et al., 2019). Deficiencies in nutrients such as zinc or 

vitamin B may contribute to geographic tongue development. Most children with GT are asymptomatic, but 

indicators like pain, burning sensation, soreness, and sensitivity to hot/spicy food can occur.  

4.2 Recurrent Aphthous Stomatitis 

The pooled prevalence of RAS was 4% (95% CI: 3%-6%), consistent with earlier reports of 1.23%-10.8%. 

Earlier studies suggested RAS was associated with lower socioeconomic status, but Bessa et al. found no 

socioeconomic correlation (Bessa et al., 2004). Predisposing factors involve trauma, emotional stress, poor 

nutritional status, thiamine deficiency, and zinc deficiency. According to the scoping review by Salwaji et al., 

aphthous ulcers are the first and most prevalent OML among the world's pediatric population (Salwaji et al., 

2025). Notably, RAS may predate the enhancement of fully symptomatic disease by various years or decades, 

with 99% of patients with Behcet's disease presenting oral aphthae.  

4.3 Fissured Tongue 

The pooled prevalence of FT was 2% (95% CI: 0%-3%). Increase in prevalence may be due to factors such as 

salivary hypofunction, vitamin B deficiency, and candidiasis. Many authors suggest higher prevalence of FT in 

children with geographic tongue. Bessa et al. reported a strong association of fissured tongue with allergy. 

Salwaji et al. reported the frequency of fissured tongue as 0.3-4% (Salwaji et al., 2025).  

Braga et al. pointed out that while there were several surveys pertaining to the prevalence of various disorders, 

stated prevalences differed, and few research were directly equivalent in terms of the technique used. The 

diagnostic criteria and detection technique used varied significantly between surveys. 

 

5. CONCLUSION 

According to the review, the most often OMLs in children across all regions are similar in clinical study data. 

Geographic tongue is more common in children than fissured tongue, which rises with age. Geographic tongue, 

recurrent aphthous stomatitis, and fissured tongue had pooled prevalence rates of 4%, 4%, and 2%, respectively. 

There is a dearth of epidemiologic research on children and adolescents in this area, despite recommendations 

from the World Health Organization. Better epidemiological research is required in this field. This systematic 

review emphasizes that there is a requirement to conduct standardized studies regarding the prevalence of OMLs 

in children, which require larger sample sizes. 
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6. LIMITATIONS 

Several drawbacks exist in the current review. High heterogeneity existed among the included studies, 

especially about design, subjects, and outcomes, which could have biased the pooled estimates. Additionally, the 

lack of standard diagnostic criteria used in defining oral mucosal conditions prevented comparability between 

the studies. Differences in the causes and age distribution, together with the insufficient methodology 

description in some studies, could have posed a source of bias. Publication bias was evident in geographic 

tongue and fissured tongue, and the insufficient geographical diversity of the included studies poses a problem 

of generalizability of the results. 
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