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Analysis of microbiota 
in black stain of 
children and its 
impact on caries risk. 
A systematic review
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Black stain (BS) is a peculiar discoloration often observed on 
the teeth of paediatric patients, particularly prevalent in certain 
populations. This systematic review aims to analyze the composition 
of the microbiota associated with BS and its potential implications for 
caries risk. A acomprehensive search was conducted across multiple 
databases (PubMed, Scopus, Web of Science) to identify relevant 
studies published up to January 2024. Eligible studies were those 
investigating the microbiological profile of BS patients compared 
to non-black stain individuals, with a focus on cariogenic species 
and overall microbial diversity. Data extraction and synthesis were 
performed following PRISMA guidelines. The screening phase ended 
with selecting 14 publications for this work. The review explores 
the association between the microbiota of BS patients and caries 
prevalence or severity. Synthesising current evidence sheds light on 
the potential role of the microbiota in BS formation and its influence 
on caries susceptibility. Understanding these microbial dynamics may 
inform preventive strategies and therapeutic interventions tailored 
to mitigate caries risk in populations affected by BS. This review 
underscores the significance of further research to elucidate the 
complex relationship between BS, oral microbiota, and dental caries.
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Introduction

Dental discolorations represent one of the main aesthetic 
concerns for many individuals, significantly influencing the 
perception of smile and oral health [Adcock and Hogan, 2008; 
Bryan and Welbury, 2006; Pani et al., 2015]. They can be classified 
into extrinsic and intrinsic pigmentation, with different causes 
and clinical manifestations [Chen et al., 2014; Costa et al., 2012; 
Downs and Black, 1998]. Extrinsic pigmentation involves the 
tooth surface and is often associated with factors such as 
chromogenic bacteria, poor oral hygiene, consumption of staining 
foods and beverages, and the use of certain medications and 
dental products [Eriksen and Nordbø, 1978; Garcia Martin et al., 
2013; Gayatri et al., 2018]. On the other hand, intrinsic 
pigmentation involves the hard tissues of the tooth and may 
result from genetic conditions, metabolic diseases, or the use of 
certain medications[Heinrich-Weltzien et al., 2014; Ibiyemi and 
Taiwo, 2011; Li et al., 2015]. Among extrinsic pigmentation, BS 

represents an interesting and relatively common phenomenon, 
characterised by linear BS extending over the dental surface 
[figure 1]. The development of BS is linked to the presence of 
chromogenic bacteria, particularly Actinomyces, and the chemical 
reaction between hydrogen sulfide produced by these bacteria 
and excess iron in saliva [Pani et al., 2015; Reid et al., 1977]. This 
process can be influenced by disorders of iron homeostasis and 
inflammatory processes that increase the concentration of iron 
in tissues and secretions [Cicciù et al., 2023; Rathi et al., 2023; 
Reddy et al., 2022; Saba et al., 2006; Slots, 1974; Theilade, 1977]. 
Diagnosis of BS has been a subject of discussion, with various 
criteria proposed by different authors to classify and identify this 
discoloration [Gayatri et al., 2018; Grenda et al., 2022; Ibiyemi 
and Taiwo, 2011; Zadro et al., 2017]. However, there remains a 
lack of standardisation in diagnostic criteria, which can complicate 
comparison between studies and assessment of prevalence and 
associated factors [Saba et al., 2006; Sangermano et al., 2019]. 
Numerous factors can influence the formation of BS, including 
age, dietary habits, oral hygiene, medication use, and genetic 
predisposition. Epidemiological studies have highlighted variable 
prevalence of BS in the paediatric population and adults, with 
some familial occurrence suggesting a possible involvement of 
genetic factors in their aetiology [Slots, 1974; Theilade, 1977]. 
Although BS pose an aesthetic problem for many patients, some 
studies have suggested that the presence of this discoloration 
might be associated with lower susceptibility to dental caries. 
However, understanding the underlying mechanisms of BS 
formation and their impact on oral health remains partial [Garcia 
Martin et al., 2013; Zadro et al., 2017]. 

Composition of Black Stain
The insoluble black ferric component that makes up BS 

pigment is most likely ferric sulfide which was formed as a 
consequence of the chemical interaction between hydrogen 
sulfide generated by chromogenic bacteria (anaerobic bacteria) 
and excess iron present in saliva [Eriksen and Nordbø, 1978; 
Mutsaddi et al., 2018]. Iron/copper and sulfur complexes are 
thus considered responsible for the dark color. It is now 
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established that the high concentration of available iron is due 
to disorders of iron homeostasis (consisting of iron overload in 
tissues and secretions and deficiency in circulation), also caused 
by inflammatory processes. In the presence of IL-6, a pro-
inflammatory cytokine, iron is accumulated in cells and secretions 
[Adcock and Hogan, 2008; Ibiyemi and Taiwo, 2011; Pani et al., 
2015]. The accumulation of ferric ions, besides causing bacterial 
multiplication, superoxide formation, and cellular damage 
associated with pathological destructive inflammation, can react 
with hydrogen sulfide synthesized by anaerobic bacteria, forming 
ferric sulfides. In physiological situations, the concentration of 
available iron in tissues and secretions is 10–18 µM and therefore 
far from that necessary for bacterial replication and consequent 
formation of ferric sulfides. In pathological situations, however, 
the available iron in tissues and secretions is greater than 10 µM 
and therefore sufficient for microbial replication and formation 
of pigmentation [Adcock and Hogan, 2008]. Regular consumption 
of iron-rich foods and vitamin supplements containing ferric 
ions during pregnancy or early childhood may favour the 
development of a chromogenic microbiota. Furthermore, black 
pigmentation, as well as the development of various colorations 
or pigmentation on the tooth surface, is also due to saliva 
proteins rich in proline [Saba et al., 2006]. The latter has a high 
binding affinity with phenolic and polyphenolic compounds 
widely present in plant foods and beverages including red wine. 
Ultrastructural examination of BS has revealed the presence of 
microorganisms incorporated within the matrix, mostly Gram-
positive species. The microbiological composition of BS is believed 
to be dominated by Actinomyces [Heinrich-Weltzien et al., 2014]. 
Recent PCR analyses of plaque samples in children with BS have 
also shown a significantly higher number of Actinomyces 
naeslundii and a lower number of Lactobacillus spp. compared 
to non-pigmented plaque samples [Sangermano et al., 2019; 
Mummolo et al., 2014].

Standards for Black Stain Diagnosis
The criteria for diagnosing BS are not well-defined and vary 

among authors. Shourie has proposed criteria that include the 
presence of incomplete pigmented spot coalescence and a 
continuous line of pigmented patches [Żyła et al., 2015]. Other 
authors like Koch et al. [2001] have introduced new diagnostic 
criteria describing BS as dark spots forming a linear discoloration 
on smooth dental surfaces, involving at least two different dental 
elements, in the absence of cavitation on the enamel surface 
[Ortiz-López et al., 2018; Paredes Gallardo and Paredes Cencillo, 
2005]. Further criteria, such as those proposed by Gasparetto 
et al. [2003], also include the extension of the affected dental 
area, with scores corresponding to the presence of pigmented 
spots or thin lines with incomplete coalescence, continuous 
pigmented lines, and pigmented areas that surpass the cervical 
third of the tooth’s surface by half [Mousa et al., 2022].

Factors Associated with Black Stain
It is challenging to identify the various elements that contribute 

to the creation of BS because its aetiology is yet unknown. 
Several writers have looked for relationships between the 
prevalence of BS and factors such as age, gender, nutrition, oral 
hygiene, medications, and socioeconomic status. [Muthu et al., 
2019; Mutsaddi et al., 2018]. However, results are often 
conflicting. For example, some studies show a higher prevalence 
of BS in subjects with a low level of parental education, while 
others report opposite results. Additionally, age seems to play 
a role in the occurrence of BS, with an increase observed with 
advancing age, although this correlation is not always statistically 
significant [Janjua et al., 2022; Natoli, 2019; Sulieman, 2005]. 
Studies have shown that permanent dentitions is more frequently 
affected by BS than deciduous dentitions. Dietary practices, such 
as consuming soy sauce, dairy products, eggs, vegetables, and 
fruits seem to favor the development of this discoloration. 
Interestingly, children who have never been fed with a bottle 
seem to have a lower prevalence of BS, suggesting a possible 
role of bottle-contained liquids in the formation of this 
discoloration. Furthermore, oral hygiene may play a role in the 
etiology of BS, although data are conflicting. Some studies have 
suggested that the use of fluoride-containing toothpaste and 
mouthwashes may increase the formation of stains, while others 
have found no correlation between BS prevalence and the type 
of toothpaste or brushing frequency. Pregnancy and infancy 
iron supplementation has also been linked to the development 
of BS.

Black Stain Prevalence
Most studies on BS have been conducted in the paediatric 

population, as this discoloration is more common in youth, 
although it can also occur in adults. The prevalence of BS varies 
considerably among studies, with reported rates ranging from 
2.4% to 18%. This variability can be attributed to the lack of 
standardisation in diagnostic criteria and the diversity of 
populations studied [França-Pinto et al., 2012; Ravikumar et al., 
2018]. Studies have shown a similar prevalence of BS between 
genders, suggesting that this discoloration is not influenced by 
sex. However, a higher prevalence of BS has been observed in 
subjects with a low level of parental education and older age 
[Hattab et al., 1999; Nokhbatolfoghahaei et al., 2023; Primozic 
et al., 2021; Reid and Beeley, 1976].

Familiality of Black Stain
The origin of BS has been a subject of debate for over a 

century. Some studies suggest a possible genetic predisposition 
with family members exhibiting a high specific severity of BS 
[Mutsaddi et al., 2018; Quinzi et al., 2020]. However, other 
authors emphasise the importance of environmental factors in 
the formation of BS, suggesting that not all family members 
with the same dietary habits develop this discoloration.

FIG. 1 Child’s black stain in primary dentition in frontal and lateral view
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samples to elucidate additional microbial characteristics. 
Microbiome analysis unveiled notable differences in plaque 
microbial structure between the BS and control groups [Ronay 
and Attin, 2011; Sulieman, 2005]. Eight microbial biomarkers, 
including Actinomyces and Rothia aeria, delineate BS. Actinomyces 
can create pigments that are either black or brown and is closely 
associated with BS in children. Notably, the abundance of 
Actinomyces naeslundii may mitigate caries development, whereas 
Rothia aeria usually occurs more frequently in BS. Moreover, 
bacterial species like Aggregatibacter sp. exhibit higher abundance 
in BTS samples. Metabolic pathways implicated in BS, such as 
glycolysis, cysteine and methionine metabolism, are markedly 
enriched in plaque samples featuring BS. An analysis of microbial 
functions disclosed a hyperactive metabolic state on dental 
surfaces with BS plaques [Costa et al., 2012; Reid et al., 1977].

Materials and Methods

Protocol and Registration
This systematic review was conducted by the standards of the 

Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) 2020 statement [Liberati et al., 2009]. The 
review protocol was registered at PROSPERO under the unique 
number 523242. 

 
Search Processing
The search period started on December 12, 2023 and ended 

on January 25, 2024. “Black Stain”, “caries”, and “microbiota” 
were the search terms utilised on the databases (PubMed, Web 
of Science, and Scopus) to select the papers under evaluation, 
with the Boolean operator “AND” and “OR”. 

The search was restricted to papers published in English during 
the previous ten years (January 2014 – January 2024) (Table 1). 

Eligibility Criteria
The reviewers, who worked in pairs, chose works that satisfied 

the following criteria for inclusion: 1) human subjects-only 
research; 2) clinical studies; 3) research done on children in 
primary or mixed dentition, both male and female with tooth 
decay or BS.

Exclusion criteria were: 1) in vitro studies; 2) animal studies; 3) 
systematic reviews, narrative reviews and meta-analyses; 4) case 
reports. 

Duplicate studies were removed manually. 
The review was conducted using the PICO criteria:
•	 Population: children in primary or mixed dentition, both 

male and female with tooth decay or BS
•	 Intervention: study of the microbiota in patients with BS
•	 Comparison: analysis of microbiota associated with caries 
•	 Outcome: evaluation and analysis of the difference 

between the two types of microbiotas. 

Data Processing
Working separately, two reviewers (F.I. and G.D.) used the 

predetermined inclusion and exclusion criteria to filter the data 
that was taken from each database. Individual choices were 
hidden from the researchers. Both reviewers converged on their 
findings in the last meeting. A paper’s entire text was retrieved 
and examined when a reviewer thought it might be accepted. 
This took place twice, separately. Every qualifying primary study’s 
data extraction includes the authors and publication date, study 
type, purpose, materials and techniques, and findings. 
Disagreements between reviewers regarding the articles’ 
selection were discussed and settled.

Treatment of Black Stain
Treatment of BS poses significant challenges, as conventional 

oral hygiene methods offer only temporary relief and fail to 
address the root causes of pigmentation. Nonetheless, various 
treatment modalities exist, such as professional oral hygiene 
sessions involving ultrasonics, air flow, polishing with pastes, 
and rubber cups [Ronay and Attin, 2011].

Despite the available treatments, BS tends to recur post-
treatment, underscoring the need for more effective and 
targeted therapies. BS, characterised by linear marks on the 
teeth, results from chromogenic bacteria like Actinomyces and 
chemical reactions involving hydrogen sulfide and excess saliva 
iron [Nokhbatolfoghahaei et al., 2023].

While BS is aesthetically concerning, studies suggest it might 
indicate reduced susceptibility to dental caries due to favorable 
salivary parameters. However, the diagnose of BS is challenging 
due to the absence of standardised criteria, emphasising the 
need for precise diagnosis to guide appropriate treatment 
[Ravikumar et al., 2018].

Current treatments provide only temporary relief, leaving the 
underlying pigmentation causes unaddressed. Therefore, 
research is crucial to comprehend BS formation mechanisms, 
its relationship with dental caries, and other oral health factors. 
Advancing understanding is key to developing more effective 
therapies for managing dental pigmentations, ultimately 
enhancing dental care quality [Janjua et al., 2022].

The microbiome in Black Stain  
The microbiome in BS has garnered increasing attention within 

dental research circles due to its potential to offer valuable insights 
into the pathogenesis and management of this condition. A 
recent study sought to evaluate the prevalence and 
epidemiological characteristics associated with BS among 
preschool children in China [Adcock and Hogan, 2008; Costa et 
al., 2012]. Employing a structured questionnaire, researchers 
objectively collected data on sociodemographic characteristics, 
lifestyle factors, and oral hygiene habits of the participating 
children. Additionally, they analysed saliva and microbial plaque 
samples to ascertain the microbial features linked with BS. Given 
the relatively low incidence of oral diseases like caries and 
periodontitis among preschoolers and the largely unexplored 
microbial underpinnings of BS in the oral microbiome, children 
in early childhood (ages 3–4) were deemed suitable subjects for 
investigating BS and extracting pertinent scientific insights 
[Adcock and Hogan, 2008; Chen et al., 2014; D’Apuzzo et al., 
2019]. The study revealed that BS was clinically evident in 12.4% 
of the 250 preschoolers examined, with the majority of affected 
children exhibiting BS on more than eight teeth. This prevalence 
rate aligned closely with findings from previous studies and 
surpassed the prevalence reported in an earlier investigation 
[Alkhtib et al., 2016]. Interestingly, dental caries indicators were 
markedly lower in the BS group, consistent with prior research. 
Analysis of sociodemographic factors and oral hygiene practices 
revealed a reduced risk of BS among children with less frequent 
consumption of jam and honey, as well as those who received 
regular fluoride application [Garcia Martin et al., 2013; Gayatri 
et al., 2018]. These findings underscore the impact of oral hygiene 
behaviour and dietary habits on BS occurrence in children. 
Furthermore, a protective role of BS against dental caries was 
observed, positing that regular fluoride application might favour 
a higher pH in the oral cavity, thereby facilitating BS deposition. 
BS represents a distinctive form of dental plaque deposited by 
oral microorganisms, with saliva playing a crucial role in its 
formation. Consequently, researchers analysed plaque and saliva 
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Quality Assessment
Two reviewers, IT and RS, evaluated the quality of the included 

papers using the ROBINS method, which was created to evaluate 
the risk of bias in the findings of non-randomised studies that 
compare the health effects of two or more interventions. A bias 
degree was assigned to each of the seven assessed points. In 
the event of a disagreement, a third reviewer (FI) was consulted 
until a consensus was obtained.

Results

Keyword searches of the Web of Science (88), Scopus (51) 
and PubMed (89) databases yielded a total of 228 articles. After 
that, 96 duplicate articles were removed, leaving 132 items total. 
Of these 132 studies, 118 were excluded because they deviated 
from the previously defined inclusion criteria.

After the screening process, 14 publications were chosen for 
this work. The PRISMA flow-chart of this review is summarised 
in Figure 1 and the data of each selected study (author(s), type 
of the study, aim of the study, materials and results) are reported 
in Table 2.

Quality Assessment and Risk of Bias
The risk of bias in the included studies is reported in Figure 2. 

Bias resulting from confounding the majority of studies is a 
high-risk form of bias, while that arising from measurement 
parameter is a low risk form of bias. Many studies have a low 
risk of bias due to bias in the selection of participants. The 
significant heterogeneity makes it impossible to calculate bias 
resulting from post-exposure. Many studies show insignificant 
bias as a result of missing data. There is little bias resulting from 
outcome measurement. In most studies, there is a significant 
bias in the selection of the published results. Five studies have 
a high risk of bias, two have a very high risk of bias, and two 
have a low risk of bias, according to the final results.

Discussion

Microbiota Composition in Black Stain Formation
The microbial makeup of dental plaque and saliva in kids with 

BS has been the subject of numerous studies. Li et al. [2015] 
compared the microbial diversity of BS and non-BS groups using 
16S rRNA gene sequencing. Children without caries and those 
with BS had different oral plaque and saliva microbiomes. 
MOTHUR software was utilised for data analysis. Children with 
BS had saliva with a less variety of microorganisms, and microbial 
diversity was lower in BS compared to plaque. In plaque samples 
from children with BS, some bacterial genera—including 
Actinomyces, Cardiobacterium, Haemophilus, Corynebacterium, 
Tannerella, and Treponema—were more prevalent, indicating 
a possible role in the developement of BS. More research is 
needed to determine the relationship between periodontitis and 
caries and BS. While the study’s use of 16S rRNA gene sequencing 
allowed for a more comprehensive understanding of the 
microbiota, more investigation is required to confirm the 
processes underlying stain formation and the roles played by 

the participating bacteria. The sample size is limited, thus 
additional samples are required to validate the conclusions.

Similarly, Heinrich-Weltzien et al. [2014]found differences in 
microbial composition between BS and non-discolored plaque, 
with higher counts of certain bacteria in BS plaque samples. 
Forty-six BS and 47 non-discoloured plaque children, aged 7.9 
± 1.3 years, were examined. Children with BS exhibited reduced 
dental caries prevalence (p = 0.061), as well as lower DMFT (p 
= 0.013) and DT values (p = 0.005). A. naeslundii (p = 0.005) 
and F. nucleatum (p = 0.001) as well as Lactobacillus sp. (p = 
0.001) counts were higher in the BS plaque. 

Caries-free BS children had higher A. naeslundii counts (p = 
0.013), while caries-affected had lower F. nucleatum counts (p 
= 0.007). Microbial differences may relate to lower caries in BS 
children. These findings suggest a potential role of specific 
microbial genera in BS formation, although further research is 
needed to confirm mechanisms and functions [Heinrich-Weltzien 
et al., 2014]. The study of Young Hwang et al. [2020] investigated 
the oral microbiome in children with BS on teeth using 
pyrosequencing to understand the microbial aspects of BS 
formation. Six children with BS and four without were studied. 
BS group exhibited higher microbial abundance and diversity 
compared to controls. The BS group showed significant 
differences in six genera, including Abiotrophia, Eikenella, 
Granulicatella, Neisseria, Porphyromonas, and Streptococcus. 
Porphyromonas spp., known for producing black pigments, 
were abundant in BS samples, potentially contributing to BS 
formation. Streptococcus spp. were also abundant in BS samples, 
possibly facilitating microbial interactions leading to BS. Veillonella 
spp. and Actinomyces gerencseriae were identified as potential 
contributors to BS formation. Despite limitations in sample size, 
this study provides insights into the microbial dynamics associated 
with BS formation, highlighting Neisseria, Porphyromonas, and 
Streptococcus as key players. Further research is needed to 
confirm these findings and identify causal agents for BS formation 
[Hwang et al., 2020].

Finally, Han et al.’s [2021]comprehensive analysis of oral 
microbiota in preschool children elucidated the complex interplay 
between microbial diversity, caries susceptibility, and systemic 
health factors. Their findings highlight the distinct microbial 
profiles associated with ECC and black spot  formation, 
underscoring the multifactorial nature of these oral health 
conditions. Furthermore, the study’s predictive models based 
on microbial biomarkers offer valuable insights for personalised 
oral health strategies and targeted interventions.

Association of Black Stain with Caries
The reviewed studies collectively provide valuable insights into 

the intricate relationship between oral microbiota and the 
development of BS and caries in patients. Bardellini et al. 
demonstrated the potential of S. salivarius M18 as a preventive 
intervention against BS formation. Their findings underscore the 
importance of probiotic supplementation in maintaining oral 
hygiene and inhibiting the reformation of extrinsic black tooth 
spots, suggesting a promising avenue for future research in this 
area [Bandon et al., 2011; Bardellini et al., 2020].

Gultom et al. explored the antibacterial efficacy of NSF against 
Streptococcus mutans biofilms, a key contributor to caries 
development. Their results indicate that NSF exhibits comparable 
antibacterial activity to SDF, offering a potential alternative for 
inhibiting oral biofilm formation. This study contributes to our 
understanding of novel antimicrobial agents and their role in 
preventing caries progression [Gultom et al., 2019]. Contrarily, 
Carelli et al. [2023] focused on the impact of toothpaste 

Article 
screening
strategy

Database: Scopus, Web of Science and PubMed

Keywords: Black Stain; caries; microbiota   

Boolean variable: “AND“ and “OR”   

Timespan: 2014-2024

Language: English

TABLE1 Database search indicators
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formulations containing sodium fluoride, salivary protein and 
enzymes on oral microbiota composition and BS prevalence. 
While the study did not identify any noteworthy variations in 
oral microbiota composition between the test and control 
groups, it highlighted the importance of mechanical cleaning 
in preventing BS. These findings emphasise the need for 
multifaceted approaches, combining mechanical cleaning with 
adjunctive treatments, to effectively manage oral health 
conditions.

Moreover, Borrel Garcia et al. [2021] investigated the oral 
health benefits of probiotic supplementation in adolescents. 
While the study did not reach statistical significance, it suggested 
a potential role for probiotics, specifically L. reuteri strains, in 
reducing salivary S. mutans levels and improving plaque and 
gingivitis indices. These findings warrant further investigation 
into the long-term effects and colonization dynamics of probiotic 
bacteria in the oral cavity.

Chen et al. [2019], Zhang et al. [2014], and Rui Han et al.  
[2021] explored the relationship between BS and dental caries. 
While Chen et al. found no significant differences in microbial 
diversity between groups, they noted a decrease in Candidate_
division_TM7 in BS-positive children, Zhang et al. identified 
bacterial biomarkers associated with BS formation and observed 
a lower prevalence of dental caries in children with BS, indicating 
a potential protective effect. Rui Han et al. further investigated 
microbial variations associated with early childhood caries, iron 
deficiency anemia, and BS, highlighting diverse oral flora in IDA 
ECC versus low diversity in BSCF.

The study of Chen et al. [2019] enrolled 100 primary dentition 
children from West China Hospital of Stomatology, Sichuan 
University, Chengdu, China. Dental health was assessed through 
clinical examination, identifying 10 children with EBS and 
matching them with EBS-free counterparts. Samples of plaque 
were gathered and analysed using PCR and high-throughput 
sequencing. Results showed no significant differences in 
microbial diversity between groups, but a decrease in Candidate_
division_TM7 in EBS-positive children. Actinomyces naeslundii 
was more prevalent in EBS patients. The study suggests 
similarities in dental biofilm microbial communities between 
children with and without EBS, emphasizing further investigation 
into specific microbial correlations [Chen et al., 2019]. In a study 
conducted in Shanghai by Zhang et al. [2014], preschool children 
with black tooth stain (BTS) showed distinct oral microbiome 
characteristics compared to those without BTS. Microbiome 
analysis revealed several bacterial biomarkers associated with 
BTS. These findings suggest a potential link between specific 
microbial species and BTS formation. Furthermore, children with 
BTS  had reduced dental caries and improved oral hygiene. The 
study also highlighted the influence of dietary habits and regular 
fluoride application associated with a reduced likelihood of BTS 
development. These results provide valuable insights into the 
microbial basis of BTS and potential preventive strategies [Zhang 
et al., 2022]. The study of Rui Han et al. [2021] investigates 
salivary microbiome variations in ECC, exploring associations 
with iron deficiency anemia (IDA) and extrinsic BS. 136 children 
(3-6 years) were enrolled, including 93 ECC cases and 43 caries-
free (CF) controls. Microbiota analysis revealed diverse oral flora 
in IDA ECC versus low diversity in BSCF. Biomarker-based random 
forest classifiers predicted caries, anemia, and BS outcomes with 
accuracies of 93.35%, 94.62%, and 95.23%, respectively. The 
findings highlight microbial differences associated with ECC, 
IDA, and BS, indicating potential clinical implications for disease 
prediction and management strategies [Han et al., 2021].

  This study conducted by Lopez Martinez et al. [2016] aimed 
to investigate the prevalence and factors associated with BS in 
children aged 10–12 and explore its relationship with dental 
caries. Following correction for a number of variables, such as 
dental plaque and brushing practices, the presence of BS was 
linked to a decreased incidence of caries. This finding aligns with 
previous studies indicating a protective effect of BS against 
dental caries. However, further research is needed to clarify the 
processes that underlie this correlation. The study underscores 
the importance of large-scale epidemiological investigations to 
understand the phenomenon of BS and its implications for dental 
health.  

Epidemiological and Clinical Factors
Garcia Martin et al. [2013], Zheng et al. [2023], Lopez Martinez 

et al. [2016], and Ilgen et al [2023] explored epidemiological and 
clinical factors associated with BS and its relationship with dental 
caries. Garcia Martine et al. found an association between iron 
supplement intake and the presence of BS. A total of 3272 
6-year-old children from Oviedo, Spain, were included in the 
study. Results revealed a prevalence of 3.1% for BS, with a dmft 
index of 0.35 ± 1.123. A statistically significant association was 
found between the presence of BS and iron supplement intake. 
Additionally, there was no significant difference in the prevalence 
of BS between native Spanish children and immigrants. It was 
determined that chromogenic microbiota development may be 
aided by regular consumption of foods high in iron and the use 
of iron supplements during pregnancy and the early years of life 
[López Martínez et al., 2016].

Children with BS had a lower prevalence of caries, according 
to Zheng et al. [2023]. They looked into the BS epidemiology 
and possible connections between the oral microbiome (OM) 
and gut microbiomes (GM) and the development of BS and the 

FIG. 1 PRISMA flow-chart used in this review paper.
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Authors Type of the study Age and numbers of 
participants

Aim of the study Materials and Clinical data Results and percentages

Li et al., [2015] Clinical study 10 children, aged 
four to five, with BS 
and 15 without it.

Examination of the BS microbiota in 
the primary dentition.

Samples of BS, dental plaque, and 
saliva were taken. With the aid of the 
pipeline tool MOTHUR, data were 
examined. The Mann-Whitney U test 
was utilised to evaluate the relative 
abundances of the microbial taxa, and 
the Student's t-test was employed to 
assess alpha diversities.

The development of BS may 
be linked to changes in oral 
flora.

Heinrich-
Weltzien et al. 
[2014]

Clinical study 47 children with 
non-discolored 
plaque and 46 
with BS, aged 7.9 
± 1.3 years, were 
compared.

To evaluate the microbiome and 
caries experience in children in 
systemically healthy families with 
non-discolored plaque and BS.

Dental plaque samples from BS 
patients were obtained, and the 
samples' DNA was extracted and 
examined to ascertain the overall 
quantity of distinct bacterial species.

It is possible that the 
microbial makeup of BS 
differs from that of afflicted 
people, which accounts for 
the lower caries experience.

Garcia Martin 
et al. [2013]

Clinical study 3272 children aged 
6 years old.

To find out the risk factors and 
frequency of BS in preschool-aged 
Spanish children.

In the entire group, the frequency of 
BS was 3.1%.

Regularly consuming iron-
rich foods and taking iron 
supplements in pregnancy 
and early childhood may 
promote the growth of 
chromogenic bacteria.

Han et al. 
[2021]

Clinical study 136 children aged 
3-6 years.

Analysis of salivary microbiome 
variations in early childhood caries 
(ECC), exploring associations with 
iron deficiency anemia (IDA) and 
extrinsic BS.

Analysis of saliva of the children 
included in the sample.

The findings highlight 
microbial differences 
associated with ECC, IDA, 
and BS, indicating potential 
clinical implications for 
disease prediction and 
management strategies.

Chen et al. 
[2019]

Clinical study 20 children, 10 with 
positive extrinsic 
black stain (EBS) and 
10 without.

To look into the structure and 
diversity of the microbiota in the 
supragingival plaque.

The nonparametric Mann-Whitney U 
test, Pearson Chi-Square test, Fisher's 
Exact test, and one-way ANOVA tests 
were used to analyse the data.

Variations in the microbiota 
of dental plaque may have 
an impact on the primary 
dentition’s EBS process.

Zhang et al. 
[2022]

Cross-sectional 
study

250 children aged 
3-4 years.

To shed light on the microbiological 
and epidemiologic characteristics of 
BTS in preschoolers.

Dental plaque and saliva samples 
were taken from caries-free 
individuals in the BTS group (n = 21) 
and the control group (n = 48) who 
did not receive BTS.

Numerous microbial 
biomarkers that are 
associated with BTS's 
microbiome can be used as 
indicators for the diagnosis 
and prognosis of the disease.

Zheng et al. 
[2023] 

Clinical study 38 children aged 3–6 
years. 

16S RNA sequencing and collection 
of samples of supragingival plaque 
and feces.

Collected plaque samples were 
divided into four groups: BCP (EBS+, 
caries+), BP (EBS+, caries−), CP 
(EBS−, caries+), and P (EBS−, caries−). 
Additionally, four sets of fecal samples 
were created: F (EBS−, caries−), BF 
(EBS+, caries−), CF (EBS−, caries+), 
and BCF (EBS+, caries+).

In the BCP group, 
Actinomyces and 
Cardiobacterium 
were more prevalent, 
while Lautropia and 
Pseudopropionibacterium 
were prevalent in the BP 
group (p < 0.05).

López Martínez 
et al. [2016]

Cross-sectional 
study

Multistage sampling 
of children  (1211) 
aged 10-12 years.

To determine the frequency of BS 
and the variables that contribute to 
their occurrence, as well as to look 
into the relationship between BS and 
caries experience after correcting for 
other risk factors.

Children's dental caries and BS 
were assessed using the DMFT/dmft 
index, and a questionnaire was used 
to gather socioeconomic data. The 
variables connected to the frequency 
of BS and the experience of caries 
were evaluated using univariate and 
multivariate Poisson regressions.

Lower caries experience was 
linked to BS prevalence (RR 
0.67; 95%CI 0.49–0.92).

İlgen et al. 
[2023]

Cross-sectional 
study

From a group of 
1000 children, 
were considered 88 
children aged 3-12 
years, 44 with BS 
and 44 without BS.

To evaluate the prevalence of black 
tooth stain among children aged 
3-12 years  and to investigate 
the colonisation of dental plaque 
samples with or without BS 
by Actinomyces, Lactobacillus, 
Capnocytophaga, and Streptococcus 
mutans.

Dental plaque samples were obtained 
from children in the study group (BS) 
and control group (no BS) in order to 
make an isolation and identification of 
microorganisms.

 

Capnocytophaga spp. 
levels in children with BS 
were significantly higher 
when compared to the 
control group. Higher levels 
of Capnocytophaga directly 
or indirectly may prevent 
caries formation.
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prevention of dental caries. 12.10% of 2,675 kids aged 3 to 6 
years had EBS. A decreased incidence of caries and decayed, 
missing, filled teeth (DMFT) was linked to EBS. The control 
group’s dental plaque had the most intricate microbiome. There 
was less evenness in the plaque but a higher operational 
taxonomic unit (OTU) richness in the children with caries and 
EBS. In EBS with caries, Actinomyces and Cardiobacterium were 
more common, whereas Pseudopropionibacterium and Lautropia 
were more common in EBS without caries. Agathobacter and 
Ruminococcus were found in caries-free groups, while Veillonella 
species were more prevalent in caries groups. The results suggest 
a potential protective role of EBS against caries and highlight 
microbiome biomarkers associated with EBS formation. Further 
research with larger sample sizes and consideration of 
environmental factors is warranted to understand the complex 
interactions involved. Lopez Martinez et al. [2016] reported a 
protective effect of BS against dental caries, emphasising the 
need for further research to understand underlying mechanisms. 
The study aimed to investigate the prevalence and factors 
associated BS in children aged 10–12 and explore its relationship 
with dental caries. After adjusting for various factors, including 
dental plaque and tooth brushing habits, BS presence was 
associated with lower caries experience (RR 0.67; 95%CI 0.49–
0.92). This finding aligns with previous studies indicating a 
protective effect of BS against dental caries. However, further 
research is needed to elucidate the mechanisms underlying this 
association. The study underscores the importance of large-scale 
epidemiological investigations to understand the phenomenon 

of BS and its implications for dental health. Ilgen et al. investigated 
demographic, medical, dental, and dietary factors associated 
with BS and found no significant associations but confirmed a 
lower dental caries score in BS children. They studied the 
relationship between BS presence, dental caries, and oral 
microbiota in children aged 3-12 years. Among 1,000 children, 
44 with BS and 44 controls were selected. No significant 
associations were found between BS and demographic, medical, 
dental, or dietary factors. However, BS was significantly 
associated with lower dental caries scores (DMFT/DMFS) 
compared to controls. Microbiological analysis revealed higher 
levels of Capnocytophaga spp. in BS children, potentially 
contributing to reduced caries risk. While Actinomyces spp. 
predominance in BS has been suggested to lower caries risk, 
the role of Capnocytophaga spp. in caries prevention warrants 
further investigation. Limitations include the small BS prevalence 
and the need for larger studies to confirm findings. Overall, the 
study sheds light on potential microbiological mechanisms 
underlying the protective effect of BS against dental caries. 
Further research, particularly on Capnocytophaga spp., is 
warranted to elucidate this relationship.

Microbiological Mechanisms and Future Directions
Collectively, these studies provide insights into the 

microbiological aspects of BS formation and its association with 
dental caries. Key bacterial genera, such as Porphyromonas, 
Streptococcus, and Actinomyces, have been implicated in BS 
formation, highlighting the need for further research to elucidate 

TABLE 2 Examined articles.

Hwang et al. 
[2020]

Clinical study There were four 
children (mean 8.3 
years) without BS 
and six (mean 8.1 
years) with BS.

to look at the relationship between 
the production of BS and the 
makeup of the oral microbiota of 
supragingival plaque.

Pyrosequencing was used to acquire 
the bacterial metagenome from 
supragingival dental plaque.

The oral microbiome's 
composition must shift, 
and a number of species 
in the genera Neisseria, 
Porphyromonas, and 
Streptococcus may play 
a significant role in the 
development of BS.

Bardellini et al. 
[2020]

Interventional 
Study

58 children aged 
4-10.

To evaluate the efficacy of S. 
salivarius M18 in preventing the 
reformation of extrinsic black tooth 
spots (BSs)	

Treatment (Group A) or control 
(Group B). Group A received daily 
tablet containing S. salivarius M18; 
Group B received no treatment. 
Clinical evaluation using simplified 
oral hygiene index (OHI-s).

Lower prevalence of BSs 
in Group A at T1 and T2, 
indicating preventive effect of 
S. salivarius M18.

Gultom et al. 
[2019]

Experimental 
Clinical Trials 

Silver Diamine 
Fluoride (SDF) 38%; 
Nano Silver Fluoride 
(NSF).

To evaluate the efficacy of NSF 
against Streptococcus mutans ATCC 
31987 biofilms	

Culturing S. mutans biofilms with 
various concentrations of NSF; 
evaluating their viability at different 
stages of biofilm formation

Demonstrating efficacy of 
NSF in inhibiting S. mutans 
biofilm formation; increased 
sensitivity of S. mutans to 
NSF exposure compared to 
Enterococcus faecalis.

Carelli et al. 
[2023]

Randomised 
Controlled Trial

26 subjects (10 
without black spots, 
16 with BS) aged 6 
to 13 years.

To evaluate the effectiveness of 
toothpaste containing sodium 
fluoride, enzymes, and salivary 
protein in reducing pathogenic 
bacteria and preventing black spots 
compared to toothpaste with amine 
fluoride.	

The test group used toothpaste 
with sodium fluoride, enzymes, and 
salivary protein, control group used 
toothpaste with amine fluoride.

Toothpaste with salivary 
enzymes and proteins 
reduced some pathogenic 
bacteria in saliva but did 
not significantly affect 
oral microbiota or oral 
health compared to control 
toothpaste.

Borrell García et 
al.[2021]

Randomised, 
Double-blind, 
Placebo-
controlled Trial	

Adolescents aged 12 
to 18 years.	

To assess the presence of probiotics 
in the oral cavity after 45 days and 
their potential oral health benefits.	

Experimental and control groups 
received probiotic tablets or placebo; 
saliva samples collected at intervals 
to assess microbial levels and salivary 
pH; assessment of plaque, gingivitis, 
and bleeding indices, dietary, and 
oral hygiene habits; statistical analysis 
conducted.

Probiotics showed a 
beneficial effect on salivary S. 
mutans levels and plaque and 
gingivitis indices, although 
statistical significance was 
not reached.
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underlying mechanisms and potential preventive strategies. 
Larger sample sizes and consideration of environmental factors 
are warranted to better understand the complex interactions 
involved in BS formation and its impact on oral health.

Our findings offer fresh perspectives on the management of 
caries and EBS. The study sample size ought to be increased in 
the future. Saliva’s pH and other factors should be taken into 
account to investigate the components of EBS and the 
predominant bacteria present, it should be graded. Following 
the in vitro culture of the dominant bacteria, animal experiments 
should be carried out to confirm the oral and intestinal dominant 
bacteria of EBS in order to derive the appropriate preventative 
and therapeutic measures. In conclusion, the reviewed studies 
collectively contribute to our understanding of the role of oral 
microbiota in BS formation and caries risk. While promising 
interventions such as probiotics and antimicrobial agents show 
potential, further research is warranted to validate their efficacy 
and explore novel preventive strategies for improving oral health 
outcomes in patients.

Limitations

Despite the valuable insights provided by the studies reviewed, 
several limitations warrant consideration. Firstly, the sample sizes 
in some of the studies were relatively small, which may limit the 
generalisability of the findings. For instance, the study conducted 
by Ilgen et al. included only 44 children with BS and 44 controls, 
indicating the need for larger studies to confirm their results. 
Additionally, the diversity of factors influencing BS formation 
and its association with caries risk is extensive and multifaceted. 
While efforts were made to account for various demographic, 
medical, dental, and dietary factors, there may still be 
unmeasured confounders impacting the observed outcomes. 
Furthermore, the methodologies employed across the studies 

varied, making direct comparisons challenging. For instance, 
different sequencing techniques and analytical approaches were 
used to characterise the oral microbiota, potentially influencing 
the identification of microbial biomarkers. Addressing these 
limitations through larger, well-designed studies with 
standardised methodologies will be essential for advancing our 
understanding of the complex interactions between BS, 
microbiota, and caries risk.

Conclusions

In conclusion, the studies reviewed collectively highlight the 
intricate relationship between BS formation, oral microbiota 
composition, and dental caries risk. While BS appears to confer 
a protective effect against caries development in several studies, 
the underlying mechanisms remain incompletely understood. 
Future research endeavors should focus on elucidating the 
specific microbial taxa and metabolic pathways involved in BS 
formation and its association with caries risk. Moreover, larger-
scale epidemiological investigations incorporating diverse 
populations and environmental factors are needed to validate 
and extend these findings. Furthermore, prospective longitudinal 
studies are warranted to assess the temporal dynamics of BS 
formation and its impact on oral health outcomes over time. 
Integration of advanced omics technologies, such as 
metagenomics and metabolomics, holds promise for unraveling 
the complex microbiological mechanisms underpinning BS and 
informing targeted preventive strategies. By addressing these 
knowledge gaps, we can develop more effective interventions 
aimed at preserving oral health and reducing the burden of 
dental caries in affected populations.
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OM: Oral Microbiome
GM: Gut Microbiome

References
 

	› Adcock KG, Hogan SM. Extrinsic iron staining in infant teeth from iron-fortified formula and rice 
cereal. J Pediatr Pharmacol Ther. 2008 Jul;13(3):162-5. doi: 10.5863/1551-6776-13.3.162. PMID: 
23055877; PMCID: PMC3462040.

	› Alkhtib A, Ghanim A, Temple-Smith M, Messer LB, Pirotta M, Morgan M. Prevalence of early 
childhood caries and enamel defects in four and five-year old Qatari preschool children. BMC 
Oral Health. 2016 Aug 18;16(1):73. doi: 10.1186/s12903-016-0267-z. PMID: 27539009; PMCID: 
PMC4989346

	› Bandon D, Chabane-Lemboub A, Le Gall M. Exogenous tooth discoloration in children: black stains. 
Arch. Pediatr. Organe Off. Soc. Francaise Pediatr. 2011. 18, 1348–1352. https://doi.org/10.1016/j.
arcped.2011.07.014

	› Bardellini E, Amadori F, Gobbi E, Ferri A, Conti G, Majorana A. Does Streptococcus Salivarius 
Strain M18 Assumption Make Black Stains Disappear in Children? Oral Health Prev Dent. 2020 Apr 
3;18(2):161-164. doi: 10.3290/j.ohpd.a43359. PMID: 32099975.

	› Borrell García C, Ribelles Llop M, García Esparza MÁ, Flichy-Fernández AJ, Marqués Martínez L, 
Izquierdo Fort R. The use of Lactobacillus reuteri DSM 17938 and ATCC PTA 5289 on oral health 
indexes in a school population: A pilot randomized clinical trial. Int J Immunopathol Pharmacol. 2021 
Jan-Dec;35:20587384211031107. doi: 10.1177/20587384211031107. PMID: 34325540; PMCID: 
PMC8327006.

	› Bryan RA, Welbury RR. Treatment of aesthetic problems in paediatric dentistry. SADJ. 2006 
May;61(4):160, 162, 164-5. PMID: 16808182.

	› Carelli M, Zatochna I, Sandri A, Burlacchini G, Rosa A, Baccini F, Signoretto C. Effect of A Fluoride 
Toothpaste Containing Enzymes and Salivary Proteins on Periodontal Pathogens in Subjects with 
Black Stain: A Pilot Study. Eur J Dent. 2024 Feb;18(1):109-116. doi: 10.1055/s-0043-1761193. Epub 
2023 Mar 4. PMID: 36870327; PMCID: PMC10959611.

	› Chen L, Zhang Q, Wang Y, Zhang K, Zou J. Comparing dental plaque microbiome diversity of extrinsic 
black stain in the primary dentition using Illumina MiSeq sequencing technique. BMC Oral Health. 
2019 Dec 3;19(1):269. doi: 10.1186/s12903-019-0960-9. PMID: 31796065; PMCID: PMC6892020.

	› Chen X, Zhan JY, Lu HX, Ye W, Zhang W, Yang WJ, Feng XP. Factors associated with black tooth stain 
in Chinese preschool children. Clin Oral Investig. 2014 Dec;18(9):2059-66. doi: 10.1007/s00784-013-
1184-z. Epub 2014 Jan 16. PMID: 24430339.

	› Minervini G, Franco R, Marrapodi MM, Fiorillo L, Cervino G, Cicciù M. The association between parent 
education level, oral health, and oral-related sleep disturbance. An observational crosssectional study. 
Eur J Paediatr Dent. 2023 Sep 1;24(3):218-223. doi: 10.23804/ejpd.2023.1910. PMID: 37668455.

	› Costa MT, Dorta ML, Ribeiro-Dias F, Pimenta FC. Biofilms of black tooth stains: PCR analysis 
reveals presence of Streptococcus mutans. Braz Dent J. 2012;23(5):555-8. doi: 10.1590/s0103-
64402012000500014. PMID: 23306233; PMCID: PMC9121365.

	› D’Apuzzo F, Grassia V, Quinzi V, Vitale M, Marzo G, Perillo L. Paediatric Orthodontics. Part 4: SEC 
III protocol in Class III malocclusion. Eur J Paediatr Dent. 2019 Dec;20(4):330-334. doi: 10.23804/
ejpd.2019.20.04.14. PMID: 31850779.

	› Downs SH, Black N. The feasibility of creating a checklist for the assessment of the methodological 
quality both of randomised and non-randomised studies of health care interventions. J Epidemiol 
Community Health. 1998 Jun;52(6):377-84. doi: 10.1136/jech.52.6.377. PMID: 9764259; PMCID: 
PMC1756728.

	› Eriksen HM, Nordbø H. Extrinsic discoloration of teeth. J Clin Periodontol. 1978 Nov;5(4):229-36. doi: 
10.1111/j.1600-051x.1978.tb01916.x. PMID: 363748.

	› França-Pinto CC, Cenci MS, Correa MB, Romano AR, Peres MA, Peres KG, Matijasevich A, Santos 
IS, Barros AJ, Demarco FF. Association between black stains and dental caries in primary teeth: 
findings from a Brazilian population-based birth cohort. Caries Res. 2012;46(2):170-6. doi: 
10.1159/000337280. Epub 2012 Apr 6. PMID: 22488298; PMCID: PMC3555142.

	› Garcia Martin JM, Gonzalez Garcia M, Seoane Leston J, Llorente Pendas S, Diaz Martin JJ, Garcia-Pola 
MJ. Prevalence of black stain and associated risk factors in preschool Spanish children. Pediatr Int. 
2013 Jun;55(3):355-9. doi: 10.1111/ped.12066. PMID: 23414217.

	› Gayatri A, Fauziah E, Suharsini M. Antibacterial effect of virgin coconut oil on the viability of 
chromogenic bacteria that causes dental black stain in children. International Journal of Applied 
Pharmaceutics 9 (2018): 83-86.

	› Gasparetto A, Conrado CA, Maciel SM, Miyamoto EY, Chicarelli M, Zanata RL. Prevalence of black 
tooth stains and dental caries in Brazilian schoolchildren. Braz Dent J. 2003;14(3):157–161. doi: 
10.1590/S0103-64402003000300003

	› Grenda T, Grenda A, Krawczyk P, Kwiatek K. Botulinum toxin in cancer therapy-current perspectives 
and limitations. Appl Microbiol Biotechnol. 2022 Jan;106(2):485-495. doi: 10.1007/s00253-021-
11741-w. Epub 2021 Dec 24. PMID: 34951660; PMCID: PMC8763801.

	› Gultom FP, Khoirunnisa N, Sahlan M, Soekanto SA. Evaluation of the potential of Nano Silver Fluoride 
against Streptococcus mutans and Enterobacter faecalis in various stages of biofilm maturation. AIP 
Conf. Proc. 9 April 2019; 2092 (1): 030007. https://doi.org/10.1063/1.5096711

	› Han R, Yue J, Lin H, Du N, Wang J, Wang S, Kong F, Wang J, Gao W, Ma L, Bu S. Salivary Microbiome 
Variation in Early Childhood Caries of Children 3-6 Years of Age and Its Association With Iron 
Deficiency Anemia and Extrinsic Black Stain. Front Cell Infect Microbiol. 2021 Mar 23;11:628327. doi: 
10.3389/fcimb.2021.628327. PMID: 33869076; PMCID: PMC8044945.

	› Hattab FN, Qudeimat MA, al-Rimawi HS. Dental discoloration: an overview. J Esthet Dent. 
1999;11(6):291-310. doi: 10.1111/j.1708-8240.1999.tb00413.x. PMID: 10825865.

	› Heinrich-Weltzien R, Bartsch B, Eick S. Dental caries and microbiota in children with black stain and 
non-discoloured dental plaque. Caries Res. 2014;48(2):118-25. doi: 10.1159/000353469. Epub 2013 
Dec 5. PMID: 24335143.

	› Hwang JY, Lee H-S, Choi J, Nam OH, Kim MS, Choi SC. The Oral Microbiome in Children with Black 
Stained Tooth. Applied Sciences. 2020; 10(22):8054. https://doi.org/10.3390/app10228054

	› Ibiyemi O, Taiwo JO. Psychosocial aspect of anterior tooth discoloration among adolescents in 
igbo-ora, southwestern Nigeria. Ann Ib Postgrad Med. 2011 Dec;9(2):94-9. PMID: 25161491; PMCID: 
PMC4111029.

	› İlgen G, Çoğulu D, Uçan E, Uzel A. Evaluation of the Etiological Factors of Black Tooth Stain in 
Children. J Pediatr Res. 2023 Sep;10(3):216-221. doi:10.4274/jpr.galenos.2023.33341.

	› Janjua U, Bahia G, Barry S. Black staining: an overview for the general dental practitioner. Br Dent J. 

2022 Jun;232(12):857-860. doi: 10.1038/s41415-022-4345-0. Epub 2022 Jun 24. PMID: 35750826; 
PMCID: PMC9244134.

	› Koch MJ, Bove M, Schroff J, Perlea P, García-Godoy F, Staehle HJ. Black stain and dental caries 
in schoolchildren in Potenza, Italy. ASDC J Dent Child. 2001 Sep-Dec;68(5-6):353-5, 302. PMID: 
11985199.

	› Li Y, Zhang Q, Zhang F, Liu R, Liu H, Chen F. Analysis of the Microbiota of Black Stain in the Primary 
Dentition. PLoS One. 2015 Sep 4;10(9):e0137030. doi: 10.1371/journal.pone.0137030. PMID: 
26340752; PMCID: PMC4560370

	› Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, Clarke M, Devereaux PJ, 
Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-analyses of 
studies that evaluate health care interventions: explanation and elaboration. J Clin Epidemiol. 2009 
Oct;62(10):e1-34. doi: 10.1016/j.jclinepi.2009.06.006. Epub 2009 Jul 23. PMID: 19631507.

	› López Martínez TM, Goettems ML, Azevedo MS, Correa MB, Demarco FF, Romano AR. Black stains 
and dental caries in Brazilian schoolchildren: a cross-sectional study. Braz Oral Res. 2016 Oct 
10;30(1):e110. doi: 10.1590/1807-3107BOR-2016.vol30.0110. PMID: 27737363.

	› Mousa HRF, Radwan MZ, Wassif GOM, Wassel MO. The association between black stain and lower 
risk of dental caries in children: a systematic review and meta-analysis. J Egypt Public Health Assoc. 
2022 Jul 30;97(1):13. doi: 10.1186/s42506-022-00107-3. PMID: 35906494; PMCID: PMC9338195.

	› Mummolo S, Tieri M, Tecco S, Mattei A, Albani F, Giuca MR, Marzo G. Clinical evaluation of salivary 
indices and levels of Streptococcus mutans and Lactobacillus in patients treated with Occlus-o-Guide. 
Eur J Paediatr Dent. 2014 Dec;15(4):367-70. PMID: 25517581.

	› Muthu MS, Saikia A, Henry JA, Balamurugan A. Surface-specific Correlation Between Extrinsic Stains 
and Early Childhood Caries. Oral Health Prev Dent. 2019;17(3):277-282. doi: 10.3290/j.ohpd.a42205. 
PMID: 30874254

	› Mutsaddi S, Kotrashetti V, Nayak R, Pattanshetty S, Hosmani J, Babji D. Association of dental caries in 
children with black stain and non-discolored dental plaque: A microbiological study. J. Adv. Clin. Res. 
2018. Insights 5, 59–64. https://doi.org/10.15713/ins.jcri.212

	› Natoli V. Black Stain in Adult: A Case Report. Saudi Journal of Oral and Dental Research. 
DOI:10.21276/sjodr. 2019.4.8.9.

	› Nokhbatolfoghahaei H, Niroomand A, Chiniforush N, Najary S, Shekarchi F. The effect of antibacterial 
photodynamic therapy with diode laser on chromogenic bacteria associated with dental black 
staining: An in-vitro study. Photodiagnosis Photodyn Ther. 2023 Dec;44:103761. doi: 10.1016/j.
pdpdt.2023.103761. Epub 2023 Aug 25. PMID: 37634607.

	› Ortiz-López CS, Veses V, Garcia-Bautista JA, Jovani-Sancho MDM. Risk factors for the presence of 
dental black plaque. Sci Rep. 2018 Nov 13;8(1):16752. doi: 10.1038/s41598-018-35240-7. PMID: 
30425313; PMCID: PMC6233187.

	› Pani SC, Alenazi FM, Alotain AM, Alanazi HD, Alasmari AS. Extrinsic tooth staining potential of high 
dose and sustained release iron syrups on primary teeth. BMC Oral Health. 2015 Aug 4;15:90. doi: 
10.1186/s12903-015-0072-0. PMID: 26238197; PMCID: PMC4522998.

	› Paredes Gallardo V, Paredes Cencillo C. Tinción cromógena: un problema habitual en la clínica 
pediátrica [Black stain: a common problem in pediatrics]. An Pediatr (Barc). 2005 Mar;62(3):258-60. 
Spanish. doi: 10.1157/13071841. PMID: 15737288.

	› Mutsaddi S, Kotrashetti VS, Nayak RS, Pattanshetty S, Hosmani J, Babji DV. Association of dental 
caries in children with black stain and non-discolored dental plaque: A microbiological study. Journal 
of Advanced Clinical and Research Insights. 2018. 5, 59-64.

	› Primozic J, Federici Canova F, Rizzo FA, Marzo G, Quinzi V. Diagnostic ability of the primary second 
molar crown-to-root length ratio and the corresponding underlying premolar position in estimating 
future expander anchoring teeth exfoliation. Orthod Craniofac Res. 2021 Nov;24(4):561-567. doi: 
10.1111/ocr.12478. Epub 2021 Feb 28. PMID: 33606329.

	› Quinzi V, Tecco S, Nota A, Caggiati E, Mummolo S, Marzo G. Mesial Rotation of the Upper First Molar: 
Association with Anterior Dental Crowding in Mixed and Permanent Dentition. Applied Sciences. 
2020; 10(15):5301. https://doi.org/10.3390/app10155301

	› Rathi S, Chaturvedi S, Abdullah S, Rajput G, Alqahtani NM, Chaturvedi M, Gurumurthy V, Saini R, 
Bavabeedu SS, Minervini G. Clinical Trial to Assess Physiology and Activity of Masticatory Muscles 
of Complete Denture Wearer Following Vitamin D Intervention. Medicina (Kaunas). 2023 Feb 
20;59(2):410. doi: 10.3390/medicina59020410. PMID: 36837611; PMCID: PMC9961876

	› Ravikumar D, Gurunathan D, Gayathri R, Priya VV, Geetha RV. DNA profiling of Streptococcus mutans 
in children with and without black tooth stains: A polymerase chain reaction analysis. Dent Res J 
(Isfahan). 2018 Sep-Oct;15(5):334-339. PMID: 30233653; PMCID: PMC6134728.

	› Reddy LKV, Madithati P, Narapureddy BR, Ravula SR, Vaddamanu SK, Alhamoudi FH, Minervini G, 
Chaturvedi S. Perception about Health Applications (Apps) in Smartphones towards Telemedicine 
during COVID-19: A Cross-Sectional Study. J Pers Med. 2022 Nov 17;12(11):1920. doi: 10.3390/
jpm12111920. PMID: 36422096; PMCID: PMC9697835.

	› Reid JS, Beeley JA. Biochemical studies on the composition of gingival debris from children with black 
extrinsic tooth stain. Caries Res. 1976;10(5):363-9. doi: 10.1159/000260217. PMID: 1067903.

	› Reid JS, Beeley JA, MacDonald DG. Investigations into black extrinsic tooth stain. J Dent Res. 1977 
Aug;56(8):895-9. doi: 10.1177/00220345770560081001. PMID: 270488.

	› Ronay V, Attin T. Black stain - a review. Oral Health Prev Dent. 2011;9(1):37-45. PMID: 21594205.
	› Saba C, Solidani M, Berlutti F, Vestri A, Ottolenghi L, Polimeni A. Black stains in the mixed 

dentition: a PCR microbiological study of the etiopathogenic bacteria. J Clin Pediatr Dent. 2006 
Spring;30(3):219-24. doi: 10.17796/jcpd.30.3.q1561155x22u0774. PMID: 16683670.

	› Sangermano R, Pernarella S, Straker M, Lepanto MS, Rosa L, Cutone A, Valenti P, Ottolenghi L. The 
treatment of black stain associated with of iron metabolism disorders with lactoferrin: a litterature 
search and two case studies. Clin Ter. 2019 Sep-Oct;170(5):e373-e381. doi: 10.7417/CT.2019.2163. 
PMID: 31612196.

	› Slots J. The microflora of black stain on human primary teeth. Scand J Dent Res. 1974;82(7):484-90. 
doi: 10.1111/j.1600-0722.1974.tb00405.x. PMID: 4612701.

	› Sulieman M. An overview of tooth discoloration: extrinsic, intrinsic and internalized stains. Dent 
Update. 2005 Oct;32(8):463-4, 466-8, 471. doi: 10.12968/denu.2005.32.8.463. PMID: 16262034.

	› Theilade J. Development of bacterial plaque in the oral cavity. J Clin Periodontol. 1977 Dec;4(5):1-12. 
doi: 10.1111/j.1600-051x.1977.tb00047.x. PMID: 275275.

	› Zadro J, Shirley D, Ferreira M, Carvalho-Silva AP, Lamb SE, Cooper C, Ferreira PH. Mapping the 
Association between Vitamin D and Low Back Pain: A Systematic Review and Meta-Analysis of 
Observational Studies. Pain Physician. 2017 Nov;20(7):611-640. PMID: 29149142.

	› Zhang Y, Yu R, Zhan JY, Cao GZ, Feng XP, Chen X. Epidemiological and Microbiome Characterization 
of Black Tooth Stain in Preschool Children. Front Pediatr. 2022 Jan 26;10:751361. doi: 10.3389/
fped.2022.751361. PMID: 35155301; PMCID: PMC8826690.

	› Zheng L, Cao T, Xiong P, Ma Y, Wei L, Wang J. Characterization of the oral microbiome and gut 
microbiome of dental caries and extrinsic black stain in preschool children. Front Microbiol. 2023 Mar 
31;14:1081629. doi: 10.3389/fmicb.2023.1081629. PMID: 37065128; PMCID: PMC10103904.

	› Żyła T, Kawala B, Antoszewska-Smith J, Kawala M. Black stain and dental caries: a review of the 
literature. Biomed Res Int. 2015;2015:469392. doi: 10.1155/2015/469392. Epub 2015 Feb 24. PMID: 
25802850; PMCID: PMC4354720.

ejpd-2025-03.indb   200ejpd-2025-03.indb   200 24/07/25   15:4424/07/25   15:44




