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Editorial

IS IT STILL WORTH TREATING PATIENTS WITH
PERIODONTAL DISEASE IN THE NEW ERA OF DENTISTRY?

Current advances in the medical field have facilitated
the diagnosis and treatment of various diseases.1 As
periodontal disease (PD) is a widespread chronic
inflammatory illness, reaching up to 80% of the Latin America
population,2 the scientific and technological arsenal for its
management are made available to dental professionals
during academic learning or through continued education.
However, despite all knowledge related to PD, it is especially
intriguing that even though several studies have shown the
possibility of controlling PD for long periods of time, through
a regular and effective mechanical control of the biofilm,3 it
remains so prevalent.

On the other hand, therapies that aim to replace teeth
are gaining more space. As people prefer to maintain their
teeth,4 and the longevity of teeth and dental implant seems
to be similar,5 it is paradoxical that treatment modalities
that replace natural teeth by artificial ones are increasingly
popular among professionals and patients, especially if you
consider that such treatment proposal does not decrease
the prevalence of PD and is only available to a few people.

It is urgent to discuss a crucial point of periodontal
treatment. Several studies present a treatment protocol that
includes supra-and subgingival mechanical debridement at
the same appointment.6 Because the entire treatment
requires only a few sessions, and the patient is not yet able to

self-control the biofilm, the risk of periodontal pockets’
recontamination increases, thus perpetuating the disease.
Patients should receive repeated oral hygiene instructions,
supragingival scaling and tooth cleaning before subgingival
professional debridement, in order to learn how to maintain
a low plaque score and to prevent cross-contamination in
the post-active therapy phase.6 The critical challenge of
periodontal treatment is neither the lack of knowledge about
the disease, nor the technical complexity involved in its
therapy. Patients must change their lifestyle; they also need
to be in a periodic maintenance schedule to stay focused on
biofilm control.7 Just by following these steps, you can
guarantee long-term periodontal treatment success.8

It’s unquestionable that treatments with dental
substitutes can be considered as an option, especially after
evaluating the survival rate of teeth. But it would be important
to make more efforts in order to treat PD, focusing on what
really works, mainly because it does not seem valid to offer
treatment alternatives that are also harmed by the
ubiquitous presence of biofilm, like dental implants.
Undoubtedly, new cosmetic and reconstructive techniques
and technologies have potential applications to satisfy the
specific needs of the patient,9 but as stated by Pjetursson et
al. (2018)10, implants are supposed to replace missing teeth,
they are not supposed to replace teeth.

How about giving natural teeth a new chance?
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NUTRITIONAL INFLUENCES ON ORAL INFECTIONS: THE
ORAL MICROBIOTA MODULATION
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RESUMO
Introdução: A microbiota oral possui aproximadamente 700 microrganismos
simbiontes responsáveis  pela homeostase da saúde bucal. Contudo, alterações na
microbiota oral podem gerar processos disbióticos que favorecem o agravamento
de infecções como a cárie e a doença periodontal. Essas infecções orais, além do
acometimento sistêmico, podem comprometer a integridade dos dentes e também
da saúde bucal. Dessa forma, a alimentação inadequada mostra-se um fator de
risco que influência na prevenção e no tratamento dessas infecções orais. Objetivo:
Este estudo visa evidenciar a influência nutricional na modulação da microbiota
oral afetando a longo prazo a microbiota intestinal, destacando o uso de probióticos
e prebióticos no tratamento de infecções orais através de uma revisão de literatura.
Síntese de dados: A suplementação de determinados nutrientes e a ingestão de
uma dieta adequada em macronutrientes e micronutrientes influenciam
diretamente no estado nutricional e consequentemente na manutenção da
homeostase oral-sistêmica. Além disso, devido à multirresistência microbiana,
terapias com probióticos e prebióticos têm sido adotadas como auxiliares no
tratamento de infecções orais. Conclusão: A Odontologia Personalizada deve
integrar conhecimentos multidisciplinares de atenção à saúde. Isso além de saber
quando encaminhar e trabalhar junto com o Nutricionista.

Keywords: Oral Microbiota. Dental
Caries Periodontal Disease. Health
Nutrition. Probiotic and Prebiotic.

ABSTRACT
Introduction: The oral microbiota has approximately 700 symbiotic
microorganisms responsible for oral health homeostasis. However, changes in
oral microbiota can generate dysbiotic processes that favor the worsening of
infections such as caries and periodontal disease. These oral infections, in addition
to systemic involvement, can compromise the teeth integrity as well as oral health.
Thus, inadequate nutrition proves to be a risk factor influencing the prevention
and treatment of these oral infections. Objective: This study aims to evidence the
nutritional influence on the oral microbiota modulation affecting, in the longterm,
the gut microbiota, highlighting the use of probiotics and prebiotics in the
treatment of oral infections by a literature review. Synthesis of data : Supplements
of certain nutrients and the intake of an adequate diet in macronutrients and
micronutrients directly influence nutritional status and consequently in the
maintenance of oral-systemic homeostasis. In addition, due to microbial multidrug
resistance, therapies using probiotics and prebiotics have been adopted as aids to
the treatment of oral infections. Conclusion: Personalized Dentistry must integrate
multidisciplinary knowledge of attention for health care. This in addition to knowing
when to refer and work together with a Nutritionist.
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INTRODUCTION
Oral Health (OH) is governed by an extensive and diverse

oral microbiota, and alterations in this composition are
associated with dysbiosis process and oral infections
development1 such as Caries and Periodontal Disease (PD),
which are polymicrobial and multifactorial processes that may
compromise the integrity of the teeth, as well as oral and
systemic health.2 Among the risk factors for Caries and PD,
malnutrition stood out as one of the most influential factors.3

Moreover, one of the factors that should be
considered in this perspective is the Nutritional Health (NH).
The NH requires the adequate supply of macronutrients and
micronutrients in cells and organisms for systemic health
homeostasis. Thus, there are strong associations, with many
interrelating factors of NH, OH and systemic health conditions
in a bidirectional relationship.4,5

Due to the treatment’s difficulty and the antimicrobial
resistance, probiotic and prebiotic nutritional therapy has
been adopted as adjunctive resource to non-surgical oral
infections treatment.6 Probiotics and Prebiotics are,
respectively, live microorganisms and nondigestible food
components that affect beneficially the microbiota,
modulating it and selectively stimulating bacterial species.7,8

Therefore, the aim of this review is to evidence the nutritional
influence on the oral microbiota modulation affecting, in
the long-term, the gut microbiota, highlighting the use of
probiotics and prebiotics in the treatment of oral infections.

Oral-gut microbiota interaction: the role of
oral health in systemic health

The oral cavity has many sites, each one of them coated
with a saliva pellicle and bacterial biofilms. Some of these
bacteria have been implicated in oral diseases such as caries
and periodontitis, that are among the most common bacterial
infections in humans. Within the oral cavity, there are distinct
microenvironments colonized by microorganisms that may
have genetic and physiologically evolved to tolerate it.9 A
successful bacterium is the one who survived the harmful
environment in the oral cavity and that specifically adhered
to a surface. More than 700 species were detected in the oral
cavity, however almost 50% are uncultivable species. They
are constantly making interactions, including substrate supply
for site attachment and colonization, nutritional cross feeding,
and the coordinated metabolism of complex substrates,
sustaining the polymicrobial synergy concept.2

The Gastrointestinal Tract (GI tract) is the most densely
colonized human organ, it harbors complex microorganisms’
communities residing in or passing through the GI tract.10,11

These microorganisms form complex interactions in the GI
tract and their communities contain approximately 500-1,000
species. These species, interestingly, belong to only few

numbers of bacterial phyla: Firmicutes, Bacteroidetes,
Proteobacteria, Verromicrobia, Actinobacteria, Fusobacteria
and Cyanobacteria.12 Each microbe participates in many
physiological processes, such as improvement of gut mucosal
immunity, uptake and production of essential nutrients,
maturation and maintenance of the GI sensory and motoric
functions and defense against pathogens by antimicrobial
compounds production. These defenses are mostly promoted
due to the intestinal barrier integrity, constituted of an
epithelium arranged in villus and the submucosal tissue with
immune functions. The pathogens developed many attributes
that allow them to damage and break this barrier, which gives
access to the bloodstream and, consequently, other tissues
and organs, ending in the putative participation of intestinal
pathogens in the systemic disease’s pathogenesis.13,14

Given the scientific evidences of oral bacteria presence
in extra-oral sites in disease conditions, many authors
hypothesized the plausibility of an oral-gut axis in these
cases.10,15,16 By swallowing an oral pathogen, its presence in
gut microenvironment causes homeostasis disturbance, a
situation called dysbiosis.17 Dysbiosis is a sufficient trigger
for the intestinal barrier imbalance, raising bacteria or
bacterial products to spread through the bloodstream.18,19

The enteral route as a pathway of ectopic gut colonization
by oral bacteria is supported by the amount of oral strains
found in maladies and health patients stool samples, such as
Fusobacterium nucleatum, Porphyromonas gingivalis,
Klebsiella spp., Veillonella spp., Prevotella spp., Streptococcus
spp. and Aggregatibacter spp.10,20 The virulence compounds
excess in the blood causes endotoxaemia and contributes to
the production of acute phase proteins at the liver.21,22 These
mediators are known to act in systemic conditions, such as
heart diseases, diabetes and pregnancy complications.15,18

Besides the metastatic inflammation, the gut pathogens have
the potential to stimulate T helper 1 (Th1) lymphocytes
subpopulation differentiation, which has a pro-inflammatory
profile.16 Likewise, the oral inflammation per si is responsible
for a huge production of pro-inflammatory cytokines and
its presence in plasma also affects health homeostasis.
Proinflammatory mediators, such as IL1â, IL6, TNFá and PGE2,
produced locally in the inflamed gingival tissues may “spill”
into the circulation and have systemic impact, such as
induction of endothelial dysfunction.23 Oral bacteria,
disseminated from periodontal, endodontic or mucosal
lesions, can survive in the bloodstream and may adhere at
nonoral body sites. Since the gut microbiota and oral
microbiota directly or indirectly influence the evocation of
systemic diseases, may the use of probiotics protect intestinal
barrier damage and prevent bacteria to spread through the
bloodstream, avoiding systemic complications. Therefore,
the gut microbiota modulation can cause oral health and
vice-versa.24
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Figure 1: Biofilm Relationship in types of Dental Caries in a Symbiotic and Dysbiotic state. Incorporating concepts of Takahashi and Nyvad (2016);
created with Biorender (2020). Source: Nascimento’s personal archive.

Caries is a multifactorial disease, modulated by a
dysbiotic and sugar-dependent process that promotes teeth
demineralization and destruction, and may also cause
endodontic complications or to dental element loss (Figure
1).2,25,26,27 This is a progressive and transmissible infection
characterized by mineral teeth loss due to long exposure to
acidic pH due to the oral bacterial metabolization dietary
carbohydrates. This dysbiosis begins due to a deregulation
of the homeostasis of the oral microbiota favoring aciduric
and acidogenic microorganisms.28,29

Cariogenic Biofilm (CB) is composed by acidogenic
and acid-tolerant species and classified in streptococcal and
non-streptococcal species. The first group is formed mainly
of Streptococcus spp., especially S. mutans and S. sobrinus,
and the second presents itself with the participation of
Lactobacillus spp., Bifidobacterium spp., Scardovia spp.,
Actinomyces spp., Veillonella spp., as well as fungi (for
example the Candida albicans, which has a coaggregation
with S. mutans in the presence of sucrose, in which there is a
beneficial bidirectional action between its virulence factors
and biochemical characteristics favoring both species).
Gram-negative anaerobic species such as Prevotella spp.,
Porphyromonas spp. and Selenomonas spp. have been

associated with deep caries lesions in dentin. These species
interact in a dynamic microbial synergistic relationship
within the biofilm.30,31,32

The diet factor is important to be considered because
the high carbohydrates intake influences the biofilms
formation. The fermentation of food carbohydrates, mainly
sucrose, favors the glycosyltransferases production to catalyze
the synthesis of extracellular polysaccharides and acid
metabolites, selecting the predominance of acidic and
acidogenic species. What results in a CB with pathogens capable
of producing acids that demineralize teeth enamel.33,34

Although there are several biological risk factors that
directly influence caries, the relationship of how the diet
affects the oral microbiota and the composition of dental
biofilm plays a critical role in this infection development.35,36

Periodontal disease: periodontopathogenic
biofilm specificity and risk factors

Periodontal Disease (PD) is a multifactorial disease,
modulated by a dysbiotic and an inflammatory process that
directly affects the teeth supporting tissues and is the second
cause of teeth loss in the world with prevalence in up to 70%
of the population.27
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Figure 2: Symbiotic Supragingival Biofilm Scheme. Incorporating concepts of Socransky Microbial Complex (1988), Kolenbrander and collaborators
(2010) and Colombo & Tanner (2019). Source: Nascimento’s personal archive.

Figure 3: Dysbiotic Subgingival Biofilm Scheme. Incorporating concepts of Socransky Microbial Complex (1988), Kolenbrander and collaborators
(2010) and Colombo & Tanner (2019). Source: Nascimento’s personal archive.
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Figure 4: Socransky Microbial Complex. Microbial Complex established by Socransky and collaborators (1988) adapted with concepts by
Colombo & Tanner (2019). Source: Nascimento’s personal archive.

Periodontal biofilm is a non-randomly organized
microbial community adhered to the tooth surface under
the gingival line involved in a glycoprotein matrix and
composed by true periodontal pathogens and health-related
microorganisms (Figure 2).37 The progress of the disease’s
onset, the oral microbiome virulence begins to increase and
the host resistance decrease, which is where opportunistic
pathogens and disease-related microorganisms will give
specificity to a Periodontopathogenic Biofilm (PPB) resulting
in a dysbiosis process of oral microbiota, eventual teeth loss
and can also affect the systemic health. The PPB itself acts as
a virulence factor generating harmful bacteriocins and
designating greater resistance to them (Figure 3).38

There is a high diversity in the PPB, which is composed
predominantly of gram-negative, proteolytic and anaerobic
bacteria.39 In disease state, there is a red complex prevalence
(Porphyromonas gingivalis, Tannerella forsythia, Treponema
denticola), as well as the orange complex, as described by
Socransky (1998) (Figure 4), and other medical importance
bacteria that act as opportunists in the middle of the dysbiotic
process generated by PD. Periodontal biofilm has its own life
activity, a biofilm lifestyle. There are specific interactions
between microorganisms within the biofilm, based on shared
characteristics and symbiosis relationships. Thus, the
interaction between microorganisms in the periodontal
biofilm functions as a symbiotic feedback mechanism among
species.40,41,42,43 For example, the symbiotic relationship

between T. denticola and P.gingivalis. The first one ferments
the amino acids from the subgingival biofilm and produces
succinate (used to coagulate the surface by P. gingivalis),
while the second produces some fatty acids that favor the
proliferation of T. denticola.44

Furthermore, the absence of oral biofilm control causes
changes in the oral microbiota favoring pathogenic complexity,
since PD has a biofilm-dependent load and maturity
correlation. Thus, the pathogenic microbiota and PD mediators
of chronic inflammation contribute to the development or
continuity of chronic inflammatory diseases in a bidirectional
relationship.45 Although, there are risk factors that aggravate
PD, such as smoking, type 2 diabetes, bad habits of oral
hygiene, high consumption of alcoholic beverages, obesity,
psychosocial factors and high blood pressure.46 In addition to
these risk factors, malnutrition can stand out as an influential
factor that can influence the oral microbiota.3

Nutritional health: influence and impact of
macro and micronutrients in oral-systemic
health perspective

Nutrition is considered one of the main pillars for
human development, based on the food-body relationship.
The nutritional status is directly associated with the adequate
supply of macronutrients (carbohydrates, fats and proteins)
(Table 1) and micronutrients (vitamins, minerals and others),
especially for the proper functioning of cells and the systems’
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homeostasis. According to the World Health Organization
(WHO): “Nutrition is the science of food and its relationship to
health” and “Malnutrition is the cellular imbalance between
the supply of the nutrients and the energy and the body’s
demand for them to ensure growth, maintenance, and specific
functions”. There is a strong association between the role of
nutrition and OH conditions with many interrelating factors.
Furthermore, understanding the main aspects of nutrition is
essential for an individual’s health.4,47,48

The systemic nutritional factors have an important
OH impact, especially during the period of tooth development,
it affects cellular metabolism, protein synthesis, and other
biochemical processes like calcification. For instance, proteins
are an essential macronutrient, and they are important to
the body throughout life, as it secures muscle and bone
metabolism, ensures the maintenance and development of
a normal nervous system, and helps to sustain muscle mass
and physical performance in older ages, for instance. In
addition, carbohydrates are considered organic compounds
whose main function is to provide energy supplies for the
body; fats are components of adipose tissue, cholesterol,
hormones, nervous tissue, cellular components
(phospholipids) and other structures. Imbalance on these
macronutrients or micronutrients status may interfere in
OH conditions and lead to oral diseases development.49,50,51

The relationship between nutrition and OH has been
discussed in many studies. Diet is considered one of the risk
factors for caries and enamel erosion, also nutritional
imbalance impacts on teeth development and the host’s
resistance to many oral conditions, such as PD. Furthermore,
these aspects play essential roles in the OH, in the integrity of
the gum and mucous membrane, in the strength of the bones
as well as in the oral infections’ treatment. Therefore, NH
may affect the development and maintenance of the oral

Nutritional Influences on oral infections
Nascimento et al.

and dental tissues. As we have seen, diet can intervene the
tooth integrity; the type, shape and frequency of foods and
drinks consumed affect, directly, the oral pH and microbial
activity, which can promote dental caries (Figure 5).5,59,67

Nutrition and diet are associated with the oral cavity’s
integrity, also nutrition imbalance may lead to disease
progression in the OH, reduce resistance to oral bacteria
and prevents tissue healing and it may directly affect its
development on early life (Table 2).68,69

The periodontal defenses are influenced by proper
functioning of the host’s humoral and cellular immune
system, the phagocytic system and the integrity of the oral
mucosa. The crevicular and junctional epithelium build an
epithelial barrier function and it provides a major defensive
barrier against invasion by antigens, pathogens or noxious
products. It undergoes a rapid turnover and is therefore
dependent of good nutritional status. In addition, systemic
factors associated with the PD initiation or progressions
include diabetes mellitus, osteoporosis and osteopenia, stress
and inadequate coping, and the periodontal pathogens
presence in the subgingival microbiota.72,73,74

Moreover, the pro resolving lipid mediators, resolvins
and protectins with anti-inflammatory and immunoregulatory
actions are biosynthesizes from metabolism of ù-3, through
cessation of proinflammatory cytokines production and
regulating the recruitment of inflammatory cells to the
inflammation sites, thus enhancing clearance of inflammation
within the lesion to promote tissue regeneration. However, a
recent research showed a broad range of antibacterial activity
for both Eicosapentaenoic Acid (EPA) and Docosahexaenoic
Acid (DHA), including the inhibition of putative periodontal
pathogens, such as red and orange complex. As well as futures
therapies with long chain ù-3 PUFAs may therefore combine
periodontitis treatment with an anti-inflammatory and
antimicrobial approach.75,76

Figure 5: Nutritional Influence on Supragingival and Subgingival Biofilm. The supragingival biofilm in Symbiosis is in homeostasis. In Initial
Dysbiosis begins the dysbiotic state due to high sucrose intake and high frequency of consumption (time factor), thus not allowing pH buffering.
In Dysbiosis, the characterization of the cariogenic biofilm already exists. The subgingival biofilm in Symbiosis is compatible with periodontal
health. In Initial Dysbiosis due to the influence of poor micronutrient intake, the immune system and the host’s responses are compromised
generating a destructive inflammatory response induction. In dysbiosis there is already a characterization of periodontopathogenic biofilm;
created with Biorender (2020). Source: Nascimento’s personal archive.
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Table 1: Macronutrients and Oral and Systemic Relationship.

Macronutrient Oral and Systemic Impact References

Carbohydrates

Some studies have been suggesting that diets high in refined carbohydrates
trigger a hyperinflammatory state evidenced in caries and PD. Also, sugars
and other fermentable carbohydrates are metabolized to bacterial biofilm
acids, resulting in low pH and it is favoring the growth of the acidogenic
and aciduric species. Hence, the dynamic enamel mineral loss is initiated
for acid produced CB metabolizing fermentable carbohydrates, so they
may interfere in the demineralization-remineralization process. Besides
that, carbohydrate consumption or biofilm accumulation can perturbate
the oral microbiota and lead to the oral infection’s development. In
contrast, a diet rich in complex carbohydrates and soluble fibers may
reduce the risk of periodontitis and disease progression, especially among
older adults. Also, they are associated with greater insulin sensitivity and
lower risk of diabetes and metabolic syndrome. In fact, this relationship is
important, especially because some studies showed the relation between
periodontitis and hyperglycemic state, also the association between dietary
fiber intake and periodontal health.

Salazar et al.,
(2018)52; Bernabé et

al., (2016)53; Zhan
(2018)54; Nielsen et

al., (2016)55; Laiola et
al., (2020)56

Fats

There are two major families of Polyunsaturated Fatty Acids (PUFAs) and they
are involved in the inflammatory process. In addition, omega-3 (ù-3) derived
mediators might lead anti-inflammation effect, while most of omega-6 (ù-6)
derived mediators aggravate inflammation, these effects may affect directly
if in a balanced diet. Western diets are typically ù-6 rich (soy, cereals, sunflower
oil, and animal products) and present low sources of the ù-3 fatty acids,
consequentially, they promote low concentrations of ù-3 PUFAs through
conversion to arachidonic acid in our body. Moreover, ù-3 fatty acids include
á-Linolenic Acid (ALA), Eicosapentaenoic Acid (EPA) and Docosahexaenoic
Acid (DHA) that are in high concentrations especially in fish oil, linseed, and
walnut oil. The EPA and DHA serve as important precursors for gene expression,
inflammatory processes and lipid-derived modulators of cell signaling. Also,
the synthesis of ù-3 polyunsaturated fatty acids in humans is limited and it is
considering an essential dietary component.

Calder, (2017)57; Azzi
et al., (2018)58; Kruse

et al., (2020)59;
Iwasaki  et al.,

(2011)60;Dawson et
al., (2014)61

Proteins

Disorders in protein metabolism can affect the matrix formation of both
enamel and dentin in the developing tooth as well as formation of the
intercellular matrix of the fibrous periodontal ligament, alveolar bone,
and cementum. Proteins have an important effect on satiety and reduce
simple carbohydrates consumption such as sugar, e.g. Also, studies have
showed association between dental caries and dietary habits, especially
high consumption of these types of carbohydrate. Alterations in dietary
protein intake may impact muscle and whole-body protein balance,
negatively impacting muscle mass maintenance, and its function.
Moreover, obesity and overweight conditions directly affect body-
composition, especially contributing to the increase of adipose tissue and
consequently reduction of muscle mass. Therefore, these conditions
promote a disbalance on inflammatory state (pro-inflammatory
cytokines) and an increase of oxidative stress by adipose tissue, and
associate with PD, this inflammation may increase gingival inflammation
and promote bacterial proliferation on the tooth’s root surface. Some
studies reported the beneficial effects of dietary protein on glycemic control.
This relation may assume an important role in PD, and also influence the
systemic inflammation.

Carbone et al.,
(2019)62; Drummen et
al., (2018)63; Hopkins

et al. (2016)64;
Martines Herrera et
al., (2017)65; Khan et

al., (2018)66
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Table 2: Micronutrients and Oral and Systemic Relationship.

Macronutrient Oral and Systemic Impact References

Vitamins
and Minerals

Vitamins are catalysts for all metabolic reactions, using macronutrients
for energy, growth and cell maintenance. They also function as electron
donors, antioxidants, and transcription effectors. Vitamins are categorized
into 2 major groups: fat-soluble (A, D, E and K) and water-soluble (B-
complex and vitamin C). Minerals serve as structural or catalytic
components of enzymes and regulate cellular energy transduction, gas
transport, antioxidant defense, membrane receptor functions, second-
messenger systems, and integration of physiologic systems. Minerals can
be classified as either major minerals (>100 mg/day) or trace elements
(<100 mg/day). The major minerals are sodium, potassium, calcium,
magnesium, phosphorus and sulfur. The trace minerals are: iron, zinc,
iodine, selenium, fluoride, copper, cobalt, chromium, manganese and
molybdenum. Thus, a fast-immune response, especially in the case of
inflammatory process, present in some oral infections like gingivitis and
periodontitis, may be limited with insufficiency of nutrients, i.e.,
malnutrition. This condition may influence the immune system’s function,
especially on innate and adaptive defenses of the host, including cell
mediated immunity, phagocytic function, secretory antibodies,
complement system, and cytokines action. it can intensify the severity
oral infections and lead to their evolution of many diseases. As well as
impacts on OH may affect daily dietary intake, which consequently degrades
the nutritional balance and general health. Furthermore, it has a negative
impact especially on the quality of life since the diet influences the
individual’s food choices.

Shay et al., (2019)68;
Cagetti et al., (2020)69;

Uwitonze et al.,
(2016)70; Badrasawi

et al., (2020)71;
Hujoel et al.,

(2017)72

Functional role of probiotics and
prebiotics in oral and systemic health

“Probiotics are live microorganisms that, when
administered in adequate amounts, confer a health benefit on
the host”.77 There are numbers of probiotic characteristics
that can promote OH. We hypothesize that oral probiotic
may compete for nutrients and/or buffer the oral pH towards
a more neutral pH, reducing the numbers of opportunistic
pathogens, may limit the dental biofilm progression by
bacterial co-aggregation and by the antibacterial substances
production, such as bacteriocins and nitric oxide. It is also
possible the adherence to the oral surfaces, outcompeting
pathogen adhesion and proliferation.1

When ingested, probiotics reach the GI tract and exert
many effects, such as modifying the gut microbiota, improving
the intestinal barrier function and the immunity, resulting in
systemic benefits. Probiotics have been intensively studied due
to their amount of benefits on many human and animal
diseases, participating in the treatment scheme for acute
infectious diarrhea, Irritable Bowel Syndrome, Ulcerative colitis,
Crohn’s disease, atopic dermatitis and psoriasis.78,79

Commercial probiotics are, generally, presented as
fermented foods, such as milks, yogurts and cheese. They can
be classified in the functional foods group, particularly in the
division of the Dairy Products. Functional foods are those that
when consumed regularly exert a specific health-beneficial
effect beyond their nutritional properties, and this effect must
be scientifically proven. Functional foods are similar to
conventional foods, which are consumed as part of a usual
diet but are known to improve health status beyond primary
nutritional function.80. The Functional foods provide ways to
reduce the increasing burden on the health care system by
continuous preventive mechanisms, including about OH,
coupled with public interest and consumer demand.

The major microbe groups present in probiotics
include the Lactic Acid Bacteria (LAB), Bifidobacterium, the
yeast Sacharomyces cerevisae, Bacillus spp. and a strain of
Escherichia coli.81 The LAB group’s composition accomplishes
Lactococcus, Enterococcus, Oenococcus, Pediococcus,
Streptococcus, Leuconostoc and Lactobacillus species.82

Typically, LAB are found as dominant organisms in many
spontaneous fermentations of food and feed.83

The capacity to adhere and colonize the oral surfaces
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is a crucial condition for a microorganism to be elected as a
great probiotic for OH. The main microbial groups used as
oral probiotics include the genus Lactobacillus,
Bifidobacterium, Lactococcus and Streptococcus. An
important issue found among the studies is that the probiotic
that has effect is strain-specific and disease-specific efficacy,
which means that a bacterial specie known as a pathogen
member can be a good strain having a probiotic effect
probiotic effect on a given disease.84 Escherichia coli is an
example, commonly regarding a gut microbiome member
and pathogen, but studies showed the probiotic effect of the
Nissle strain 1917, which colonizes the mammalian gut.85

The use of probiotics in dentistry for oral therapy has
become increasingly frequent and aim to reestablish the
biofilm equilibrium, which acts as a cascade trigger events
that constitute the oral diseases spectrum. The following
mechanisms of probiotics action in the oral cavity are: direct
interaction with dental biofilm, oral microorganisms binding
to product proteins and intervention/competition in bacterial
adherence and ecology plaque formation.86,87

Corroborating the inhibitory probiotics effect against
oral pathogens, Shin, Baek and Lee (2018) demonstrated that
Lactococcus lactis has antimicrobial activity against
periodontopathogens, such as F. nucleatum, P. gingivalis, T.
forsythia and T. denticola using the culture supernatant as
well as performing co-cultivation. In addition, neutralizing
activity on the production of volatile sulfur compounds was
observed, as well as a reduction in the pro-inflammatory
cytokines production from cells challenged with LPS of these
pathogens.88 Chen (2020) also showed the antibacterial activity
of viable and heat-killed probiotic strains (Lactobacillus
salivarius subsp. salicinius AP-32, L. rhamnosus CT-53, L.
paracasei ET-66 and Bifidobacterium animalis subsp. lactis
CP-9) against oral pathogens, such as Streptococcus mutans,
Porphyromonas gingivalis, Fusobacterium nucleatum and
Aggregatibacter actinomycetemcomitans.89

Studies about prebiotics are extremely recent yet, and
also, it’s exact role in the microbiome balance improvement
in the human body is still unknown. However, some researches
have been demonstrated to be already an aid to complement
prebiotics in the oral disease’s treatment. Currently, the term
prebiotic is defined as “selectively fermented ingredients that
allow specific changes, both in the composition and/or
activity in the gut microbiota, that confer benefits upon the
host well-being and health”. Moreover, the resistant
Oligosaccharides-Fructo-Oligosaccharides (FOS) and
Galacto-Oligosaccharides (GOS) are considered nondigestible
carbohydrates, two existing prebiotic dietary fiber types.
Prebiotics could stimulate the beneficial bacteria growth and
suppress the pathogens growth in the gut microbiota. Also,

they could improve the mucosal barrier function, enhance
the production of Short-Chain Fatty Acid (SCFAs) and
influence the host’s immunity. For this reason, probiotics
and prebiotics may be considered an important strategy,
especially because they can reestablish the ecological
balance regaining the intestinal and oral microbiota
biodiversity in the early stages. This maintenance also
contributes to reduce levels of inflammatory mediators and
the host’s immune responses.8,90,91

The nutrition impact on the oral microbiota
modulation

In addition to other risk factors for Caries and PD, NH
has an influence in modulating the oral microbiota’s
composition and function, as well as OH, acting as a
perspective not only of treatment, but as a preventive role
maintaining microbiome homeostasis. In this sense, the use
of probiotics and prebiotics nutrition therapy has been shown
to be very effective in the treatment of these oral infections
as opposed to the antimicrobials use. To support this concept,
this review determined the impact of nutrients on oral and
systemic health and it was observed that there is a pre-existing
bidirectional relationship between the oral-systemic axis. And,
although all nutrients have their importance and specific
effects for OH homeostasis, micronutrients proved to be of
greater relevance.

Colombo and Tanner27 showed that dental biofilm
assumes a very influential role in the oral infections’
etiopathogenesis. Oral diseases, such as Caries and PD, should
not be seen as caused by one or some true pathogens as
described in classical infections, but as a polymicrobial
holistic community that has the potential to trigger dysbiosis
of microbial community, due to changes in complexes
mechanisms between microbiota-environment-host.

Some studies have raised the hypothesis that dysbiotic
oral microbiota may disturb the gut microbiota at the long-
term period. The high ingestion of oral pathogens may induce
a dysbiotic process in the gut microbiota and a systemic
inflammation state, endotoxemia, insulin resistance, high
dysfunction of glucose levels and a hypofunction of the
intestinal barrier. In contrast, the disturbed gut microbiota
is able to modulate the severity and frequency of oral
infections.51,92,93

About the association between OH and NH, Hugar94

demonstrated an association between deficiencies or
inadequate micronutrient intake with the increase
susceptibility to caries and DP. Bhargava95 declares that
vitamin D plays a crucial role in bone maintenance and
immunity, and the imbalance of its status in the body can
induce dentin and enamel defects during tooth development
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and it could negatively affect the periodontium.
Adegboye5 declares that malnutrition can elicit adverse
alterations in volume, physiochemical and antibacterial
properties, which may have consequences on the pH and
oral microbiome. In summary, this synergy between
nutritional status, OH and dietary practices combined with
removal of the inflammatory periodontal stimuli is important
to diminish the severity of PD. Also, Shay68 showed that the
nutritional status has a direct influence on the immune
system. In turn, it affects the innate, adaptive and cellular
immune responses, especially the protection against host
invasion by microorganisms and inflammatory response.
Undernutrition and nutrient deficiency suppress immune
functions, compromising the synthesis and the release of
cytokines and their action. Consequently, when associated
with increased needs for calories, protein and micronutrients
promote repletion, that replicates immune cells, balance of
antioxidant and oxidants agents, wound healing, and an
improved immune response (Figure 5).

Another important role of nutrients in the host are the
benefits of ù-3 fatty acids in inflammatory response. However,
researches about the cellular and molecular mechanisms
underlying their host modulatory action with use of long chain
ù-3 fatty acids are still largely unknown in various systemic
diseases.96 The majority of PUFAs from dietary are usually
used to construct phospholipids present in cell membranes,
and they act as precursors for lipid mediators involved in cell
signaling and contribute to the cell’s membrane integrity and
fluidity. Omega fatty acids are the PUFAs, and they had three
major types of ù-3 derived from food and used by our body,
especially, EPA acid and DHA.

Zohoori & Duckworth97 points another relevant
aspect, vitamins are essential organic compounds and
biologically active constituents of a diet. Also, they are
catalysts for the body’s metabolic reactions; they also
function as electron donors, antioxidants, and transcription
effectors. The absence or scarcity of certain vitamins has
been implicated as being etiological factor in the PD’s
pathogenesis. Tada & Miura98 have shown that vitamin C
deficiency may result in lack of collagen formation by
affecting hydroxylation of proline and increased
permeability of endotoxin from the oral mucosa. Also, this
vitamin has an antioxidant potential in the body’s defense
system, it is directly neutralizing free radicals, scavenging
the hydroxyl radicals which mediate tissue damage, and
suppressing macrophage secretion of superoxide anions.
As a result of this, vitamin C can be considered an important
nutrient present on the dietZ for periodontal health, and it
has capacity to control excessive Reactive Oxygen Species
(ROS) produced in oral infections.

Following this line, the probiotic and prebiotic
supplementation can influence and play an important role
in the oral infection’s treatment and prevention.
Corroborating the inhibitory effect of probiotics against oral
pathogens, Dassi99 showed that the saliva microbiome
enhanced its diversity after probiotic intake, and the principal
effect of probiotic bacteria to reduce the caries risk is
inhibition of CB formation by killing the pathogens
(bacteriocins, growth inhibition) or avoiding their co-
aggegation. Given the dysbiotic biofilm nature of the dental
caries, the inhibition of a single pathogen makes little sense,
so a great probiotic essentially needs to act on different
members of an oral community.

Hedayati-Hajikand100 study evaluated the effect of
probiotic chewing tablets on early childhood caries
development in preschool children living in a low
socioeconomic multicultural area. They concluded that caries
development could be reduced through administration of these
probiotic chewing tablets as adjunct to daily use of fluoride
toothpaste. Short-term consumption of Lactobacillus
rhamnosus GG, Limosilactobacillus reuteri, and Bifidobacterium
lactis BB-12 have reduced counts of S. mutans, the major caries
pathogen.101 More trials are needed to gain better knowledge
of probiotic supplements and to confirm that their use is
beneficial and cost-effective in caries care.

Esteban-Fernández102 published their results about the
beneficial effects of Streptococcus dentisani as potential oral
probiotic for PD. This specie was found at high levels in the
gingival crevice, inhibiting the periodontal pathogens by
competition, adherence and displacement mechanisms.
Besides that, the oral probiotic increased the secretion of the
anti-inflammatory cytokine IL-10 after incubations with oral
pathogens in a simple in vitro model. Another specie showed
probiotic effect: Garcia103 presented Saccharomyces cerevisae
as a monotherapy and as an adjuvant to the mechanical
treatment of experimental periodontitis in rats and it showed
positive effects. Theodoro et al104 evaluated the effect of
Lactobacillus reuteri in chewable tablets as an adjunct to non-
surgical periodontal treatment of chronic periodontitis in
smoking patients. The adjuvant use of L. reuteri in the treatment
of chronic periodontitis was effective in controlling gingival
inflammation because it reduced bleeding on probing, which
means it reduced gingival inflammation and was effective in
reducing deep pocket in a clinically relevant manner.

Shin et al88 demonstrated that Lactococcus lactis has
antimicrobial activity against periodontopathogens, such as
F. nucleatum, P. gingivalis, T. forsythia and T. denticola using
the culture supernatant as well as performing co-cultivation.
In addition, neutralizing activity on the production of volatile
sulfur compounds was observed, as well as a reduction in the
pro-inflammatory cytokines production from cells challenged
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with LPS of these pathogens. Chen89 also showed the
antibacterial activity of viable and heat-killed probiotic strains
(Lactobacillus salivarius subsp. salicinius AP-32, L. rhamnosus
CT-53, L. paracasei ET-66 and Bifidobacterium animalis subsp.
lactis CP-9) against oral pathogens, such as Streptococcus
mutans, Porphyromonas gingivalis, Fusobacterium nucleatum
and Aggregatibacter actinomycetemcomitans.

Nevertheless, Almoznino105 evidences nutritional
imbalance effect on cellular and molecular levels, oral
biofilms, tissue metabolism and immune response,
suggesting that nutrition has the potential to affect
biological gradient and thus affect periodontal infections.
Accordingly, PD develops faster in undernourished
populations. Food intake is not a treatment for oral and
dental infection, but depleted nutrition can negatively
impact tissue integrity, mineralization, progressive damage
to mucosa, as well as a diminished resistance to colonization
and invasion by pathogens and other aspects that had been
previously described.

CONCLUSION
This study concluded that malnutrition is an important

risk factor to be considered in the oral infection’s treatment
and that it should receive more attention by the Dentist. The
macronutrients and micronutrients’ frequency of ingestion
is able to modulate the oral microbiota and impact OH. The
preventive character is more resolutive and effective than
during the treatment itself. NH is much more than just
“dieting” and plays a key role in OH. In addition,
supplementation with probiotics and prebiotics for the
nutrition treatment of Caries and DP is shown with very
satisfactory research that increasingly directs this treatment.
However, more studies need to be done to better understand
the nutrition and oral microbiota subject. Furthermore, it is
up to the Dentist to allow itself a holistic look, to study to the
point of knowing what to ask the patient about NH, to think
how far it can go and to know when it is time to refer to a
Nutritionist or even make a joint multidisciplinary treatment.
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RESUMO
Objetivo: Esta revisão sistemática foi realizada para avaliar a eficácia de selantes de
fóssulas e fissuras em carbômero de vidro comparados a outros materiais seladores na
prevenção de lesões cariosas em crianças e retenção em fóssulas e fissuras. Fontes dos
dados: Este estudo incluiu apenas estudos clínicos randomizados que compararam
selantes em carbômero de vidro com selantes em outros materiais em molares
permanentes em crianças com um acompanhamento mínimo de 6 meses. Uma busca
sistemática foi realizada nas bases de dados PubMed, Scopus, Web of Science, LILACS,
BBO, Cochrane Library e literatura cinzenta. Resumos de IADR, registros de triagens clínicas
não publicadas, bases de dissertações e teses também foram pesquisados. O risco de viés
dos estudos foi avaliado por meio da ferramenta Cochrane e a qualidade da evidência
com o GRADE. Metanálises foram realizadas com os estudos que permitiram a coleta de
dados. Síntese dos dados: Um total de 1685 artigos foram identificados e 54 selecionados
para revisão. Destes, 40 artigos foram excluídos depois da leitura do resumo e 8 foram
incluídos na análise qualitativa e quantitativa. A prevalência de fóssulas e fissuras livres
de cárie foi similar após 6 (p=0,77; I2= 0%) e 12 meses (p=0,60; I2= 0%) e qualidade da evidência
foi considerada baixa; após 24 meses, os outros materiais tiveram melhor desempenho
(p=0,30; I2=7%) com evidência moderada. Não houve diferença nas taxas de retenção dos
diferentes materiais após 6 (p<0,0001; I2= 96%), 12 meses (p<0,0001; I2= 99%), ou 24 meses
(p<0,0001; I2= 100%) de acompanhamento; a qualidade foi considerada muito baixa.
Conclusão: Selantes de carbômero de vidro tem retenção similar aos outros materiais
seladores utilizados. Em relação ao desenvolvimento de novas lesões de cárie, os outros
materiais apresentaram melhor desempenho ao longo do tempo. Todavia, novos
estudos clínicos devem ser desenvolvidos para corroborar estes achados, uma vez que
há falta de qualidade na evidência obtida.

Keywords: Pit and Fissures Sealants.
Dental Caries. Systematic Review. Glass
Carbomer Cement.

ABSTRACT
Objective: This systematic review was performed to evaluate the efficacy of glass
carbomer when compared with other sealant materials in preventing carious lesions in
children and retention in pit and fissures. Sources of data: The paper included only
randomized clinical trials that compared pit and fissure sealants with glass carbomer
and other sealant materials in children’s permanent molars with at least six-month
follow-up.  A systematic search was performed in PubMed, Scopus, Web of Science,
LILACS, BBO, Cochrane Library and Grey literature (December 2020/January 2021).  The
risk of bias tool from the Cochrane Collaboration was used for quality assessment of
the studies and GRADE approach for the quality of the evidence. Meta-analysis was
performed on studies from which data could be achieved. Synthesis of data: A total of
1685 papers were identified, 54 were selected for review. From these, 40 articles were
excluded after the reading of the abstract and 14 articles were put aside for assessment.
Eight papers were included in qualitative and quantitative synthesis. The prevalence
of caries-free pit and fissures did not show differences after six (p=0.77; I2= 0%) or 12
months (p=0.60; I2= 0%) and the quality of the evidence was judged as low; after 24
months, other sealant materials performed better (p=0.30; I2=7%) and the quality as
moderate. There were no differences in the retention rates of the different materials
after six-month (p<0.0001; I2= 96%), 12-month follow-up (p<0.0001; I2= 99%) and 24
months (p<0.00001; I2= 100%); the quality of the evidence was considered very low.
Conclusion: Glass carbomer sealants have a similar performance to other sealant
materials when retention is considered. For the development of new carious lesions,
other sealant materials performed better over time. However, new clinical trials are
needed to corroborate these findings since it still lacks quality to the evidence raised.
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INTRODUCTION
Young permanent molars’ susceptibility to caries is

related to their stage of eruption (limited mechanical oral
function) and the anatomy of the groove-fossa system that
favors the biofilm accumulation.1 This is probably the reason
why preventive methods such as water fluoridation or
fluoride toothpastes have a greater effect in reducing the
prevalence of caries on smooth surfaces when compared to
occlusal ones.2

Therefore, occlusal caries control programs should
be implemented from the very beginning of tooth eruption.1

One treatment that has been proved effective in arresting or
inhibiting the carious lesions on young permanent molars is
the use of pit and fissure sealant.3-5 For this purpose, different
sealant materials can be used: resin-based sealants, glass
ionomer sealants (GI), polyacid-modified resin sealants and
resin-modified glass ionomer sealants.2

Systematic reviews have compared the efficacy of
the different materials in preventing dental decay in
permanent molars.  Clinical evidence suggests similar caries
preventive effectiveness of high viscosity glass ionomer
cements and resin-based sealants6,7 as well as no superiority
of resin-modified GIC and resin-based sealants8 or between
resin-modified GIC and conventional GIC.9 Recently, one
systematic review stated that the relative effectiveness of
glass ionomer compared to resin sealants remains
inconclusive.10 Therefore, there is still room for further
research, especially when new sealant materials are
considered.

The resin-based sealants rely only on the mechanical
retention on the tooth surface to prevent or arrest caries
progression;6 they act as a physical barrier that blocks the
biofilm/enamel contact and they are highly moisture-
sensitive. GIC sealants show hydrophilic characteristics and
lower retention rates,6,11 particularly for conventional GIC,12

but there is an “anti-caries” effect related to the material
that remains deep in the fissures and the release of fluoride
inherent in GICs.6, 13

Even so, none of the cited materials fulfill all the
requirements for an ideal fissure sealant, which includes
biocompatibility, anticariogenicity, adequate bond strength
to enamel, good marginal integrity, resistance to abrasion
and wear and low cost.14

Recently, an alternative material has been launched
in the market: glass carbomer cement (GCC). It is a new type
of GIC that is claimed to have enhanced bioactivity compared
with conventional GIC.13 Its powder has nanocrystals of
calcium fluorapatite that acts as nuclei for the
remineralization process and a much finer particle size
compared to GIC.15  The manufacturer states that the

incorporation of nanosized filler particles can improve
compressive strength and wear resistance.16,17

When this product was tested as a pit and fissure
sealant controversial results have been reported18-22 in
comparison to resin-based and/or glass ionomer cement.

 Therefore, the purpose of this systematic review was
to answer the following question: Are glass carbomer
sealants more efficient in preventing/arresting carious
lesions in children’s permanent molars when compared to
other sealant materials?

MATERIAL AND METHODS
Protocol and registration

This study protocol was registered at the PROSPERO
database (CRD42016036918).  The PRISMA statement
recommendations were followed for its report.23 The research
was developed in December 2020/January 2021 at the State
University of Ponta Grossa, Paraná, Brazil.

Information sources and search strategy
The controlled vocabulary (MeSH terms) and free

keywords in the search strategy were defined based on the
PICOS question:
1. Population (P): children’s permanent molars.
2. Intervention (I): glass carbomer cement used as pit and
fissure sealant.
3. Comparison (C): other sealant materials (GIC or resin-based
materials).
4. Primary outcome (O): preventing/arresting carious lesions;
secondary outcome: retention rates of sealants after at least
6 months.
5. Study design (S): randomized clinical trials (RCT).

We combined controlled vocabulary (MeSH terms) and
free keywords, using the Boolean operators OR and AND to
define the search strategy for the PubMed database (Table
1). Then, we adapted the PubMed search strategy to other
electronic databases such as Scopus, Web of Science, the
Latin American and Caribbean Health Sciences Literature
database (LILACS), the Brazilian Library in Dentistry (BBO)
and the Cochrane Library (Table 1).

Hand searching of the reference lists of all primary
studies was carried out to find additional relevant
publications. The first page of related article links of each
primary study in the PubMed database was also investigated.
We did not restrict studies based on publication date or
languages.

The grey literature was explored using the database
System for Information on Grey Literature in Europe (SIGLE).
Abstracts of the annual conference of the International
Association for Dental Research (IADR) and its regional
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divisions (1990–2016) were searched. Dissertations and theses
were explored using the ProQuest Dissertations and Theses
Full-Text databases and the Periodicos Capes Theses
database.

Unpublished and ongoing trials were located using
clinical trial registries: Current Controlled Trials
(www.controlled-trials.com), International Clinical Trials
Registry Platform (http://apps.who.int/trialsearch/), the
ClinicalTrials.gov (www.clinicaltrials.gov), Rebec
(www.rebec.gov.br) and EU Clinical Trials Register (https://
www.clinicaltrialsregister.eu).

Eligibility criteria
The included studies were RCTs with parallel or split-

mouth designs that compared glass carbomer versus GIC
and resin-based pit and fissure sealants in permanent molars
in children. There were no restrictions regarding publication
language or publication date.

RCTs were excluded if glass carbomer was not used
as a sealant in permanent molars of children or if there was
not a minimum follow-up period of 6 months. Case reports,
in vitro studies, non-randomized trials were also excluded.

The primary outcome evaluated was the prevention
of carious lesions in permanent molars; sealant retention
was studied as a secondary outcome. Full-text versions of
the papers that met the inclusion criteria were retrieved for
further assessment and data extraction.

Study selection and data collection process
All the retrieved papers were sent to a managing

software (EndNote X9, Clarivate, Philadelphia, PA). Duplicated
articles were removed from the selection and considered
once. Title and abstract of the retrieved studies were analyzed
to check out if they met the eligibility criteria; if insufficient
information prevented a decision, full-texts were used.  This
was done by one research (C.M.C.F.L.).

The remaining articles were classified by two
reviewers jointly (C.M.C.F.L and L/M/W.) after full-text reading.
An ID for each eligible study was created, combining the first
author’s name and year of publication. Relevant information
about the study design, participants, interventions and
outcomes was extracted using customized extraction forms.
All the data from different sealing materials that were
compared to glass carbomer sealant were grouped and
annotated under the denomination “other sealants”.

 When there were reports with different follow-ups
from the same study, data from the reports were extracted
directly into a single data collection form to avoid
overlapping data. This form was pilot tested to certify that
the retrieved data was consistent with the research question.

 Glass carbomer sealant systematic review
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Risk of bias in individual studies
The Cochrane Collaboration tool for assessing the risk

of bias in RCT was used for the quality assessments of the
trials.23 This procedure was accomplished by two independent
reviewers.

 There are six domains in the assessment criteria:
adequate sequence generation, allocation concealment,
blinding of the outcome assessors, incomplete outcome data,
selective outcome reporting, and other possible sources of
bias. For each aspect of the quality assessment, the risk of
bias was scored following the recommendations described
in the Cochrane Handbook for Systematic Reviews of
Interventions 5.1.0 (http://handbook.cochrane.org). The
judgment for each domain consisted of recording “yes” (low
risk of bias), “no” (high risk of bias) or “unclear” (either lack
of information or uncertainty over the potential for bias).

If one or more key domains were classified as
“unclear” risk of bias, the study was considered at “unclear”
and if at least one domain was judged as “high” risk of bias,
the study was judged as “high” risk of bias.  If there was any
disagreement between the reviewers in judging the key
domains, it was solved through discussion or by consulting a
third reviewer (A.C.R.C.).

Summary measures and synthesis of the
results

Data from eligible studies were dichotomous
(prevalence of caries-free pits and fissures and retention
rates). Studies from which data could be extracted were
included in the meta-analyses. The outcomes were
summarized by calculating the risk ratio/risk difference for
dichotomous data. For both summary measures, the 95%
confidence interval (CI) was calculated.

Random-effects models were employed.
Heterogeneity was assessed using the Cochran Q test and I2

statistics. All analyses were conducted using CMA software
(version 3, Biostat Englewood, USA). No subgroup analysis
was performed.

Assessment of the quality of evidence using
GRADE

 The quality of the evidence for each outcome across
studies (body of evidence) was assessed using the Grading of
Recommendations: Assessment, Development and
Evaluation (GRADE) (http://www.gradeworkinggroup.org/).
This determines the overall strength of evidence for each
meta-analysis and classifies it into 4 levels: very low, low,
moderate, high. The “high quality” suggests that we are very
confident that the true effect lies close to the estimate of the
effect. On the other extreme “very low quality” suggests that
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we have very little confidence in the effect estimate
and the estimate reported can be substantially different
from what it was measured.

 GRADE analyses the limitations in 5 criteria (risk of
bias, imprecision, inconsistency, indirectness of evidence and
publication bias) to rate down the quality of the evidence in
1 or 2 levels. Each domain was assessed as “no limitation”
(no downgrade), “serious limitations” (1 level downgraded),
and “very serious limitations” (2 levels downgraded). The
GRADEpro Guideline Development Tool (www.gradepro.org)
was used to create a summary of findings table.

Results
Study selection

After the database screening and removal of
duplicates, 1053 papers were identified (Figure 1). After
analysis of titles, 54 papers remained. Forty papers were
excluded after the reading of abstracts, resulting in 14 full-
text papers for assessment of eligibility. From these, six
papers were excluded due to different reasons: in vitro
studies,24,25 non-randomized trial,26 cost-effectivity study27,28

prevention of carious lesions in permanent molars with
micro-cavities in dentin.29 One project of clinical trials,
registered at the Dutch Trial Registration Centre (# 1441),
resulted in 6 different papers19-22,30,31 that showed data from
distinct follow-up periods and outcomes. They were
combined to describe the study characteristics, the risk of
bias and the data to be included in the meta-analysis to
avoid data overlap.  Besides those papers, only two other
clinical trials were identified.18,32

Characteristics of the included papers
The characteristics of the studies included are listed

in Table 2. Two studies18,32 used the split-mouth design; the
treatments were accomplished at a university dental clinic
in one of them.32 The other six papers reported parallel
design.19-22,30,31  and the clinical procedures were carried out
at primary schools in China. The mean age of the participants
included in the RCTs was 8 years old.

All the included papers had samples composed of
fully erupted permanent molars without dentin carious
lesions.19-22,30,31 The follow-up period of the clinical trials
ranged from 6 to 12 months to 48 months. The sealants
were performed with rubber dam and prophylaxis with
pumice in one study.18 In the other studies, isolation with
cotton rolls were used.19-22,30,31

The materials used for pit and fissure sealing were
glass carbomer (GC Products, Leiden, Netherlands),18-22,30-32

which was compared to high viscosity GIC,19-22,30,31 resin-
based sealants18-22, 31 and resin infiltrant.32

The prevalence of carious lesion-free pits and fissures
was based on a yes/no criteria,18 International Caries
Detection and Assessment. System (ICDAS)32 or with a 0-9
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scale (ART caries criteria).19-22,30,31 The evaluation criteria used
for assessment of the sealant retention were not the same. In
one study,18 the authors used the Kilpatrick criteria33 for sealant
evaluation with scores ranging from 1 to 4;  other papers19-

22,30,31 used clinical exam and occlusal replicas; and the other
study used scores from A to D.32

Assessment of the risk of bias
The risk of bias of the selected studies is presented in

Figure 2. One study was judged to be at unclear risk of bias,18

the other studies were judged to be at low risk of bias.19-22,30-32

Meta-analysis
All meta-analyses were performed for the outcomes

“prevalence of new carious lesions” and “sealant retention”
in three follow-up periods: 6, 12 and 24 months.

Prevalence of new carious lesion
The meta-analyses related to the outcome “prevalence

of new carious lesions” are presented in Figure 3.
No difference between glass carbomer sealants and

the other sealant materials was detected for 6 (p=0.63) and 12
(p=0.81) months follow-up periods; these meta-analyses
showed no heterogeneity (I2=0%). The quality of the evidence
for both periods was graded as “low”, which means that the
confidence in the effect estimate is limited and the true effect
may be substantially different from the estimated effect. The
quality was downgraded two levels due to imprecision because
the optimal information size was not met and the confidence
interval doesn’t exclude benefit or harm (Table 3).

However, after 24 months, other sealant materials
performed better than glass carbomer sealant (p=0.002) and
the meta-analysis showed low heterogeneity (I2=7%). For this
outcome, the quality of the evidence was graded as
“moderate”, since we are moderately confident that the true
effect is close to the estimate of the effect, but there is yet a
possibility that it is substantially different. The quality was
downgraded one level due to imprecision since the optimal
information size was not met (Table 3).

Sealants retention
The meta-analyses related to the outcome “sealant

retention” for 6, 12 and 24 months follow-up periods are
presented in Figure 4. Regardless, the follow-up period, no
differences were detected between glass carbomer sealant
and other sealant materials tested (p<00001). All the analyses
exhibited heterogeneity values higher than 95%. The quality
of evidence for all the evaluation periods was graded as “very
low”. It means that there is little confidence in the estimated
effect and that the true effect probably is different from the
estimated one. The quality of evidence was downgraded in
two levels for inconsistency and imprecision, which is related
to non-explained heterogeneity and a wide confidence
interval, respectively (Table 4).
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Table 3: Summary-of-findings table and quality of the evidence regarding the outcome “development of new carious lesions”. Only comparisons
with meta-analysis were included.

Development of new carious lesions in permanent molars in children: Glass carbomer X other sealing materials

Outcomes
Nº of participants
(studies)Follow up

Certainty of the
evidence (GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with other
sealants

Risk difference
with glass

carbomer sealant

New carious
lesions - 6 months

1515(3 RCTs)
LOW a

Rate ratio 0.00
(0.01 to 0.00)

0 per 1000 0 fewer per 1000
(0 fewer to 0 fewer)

New carious
lesions - 12 months

1515(3 RCTs)
LOW a

RR 1.15
(0.36 to 3.72)

8 per 1000 1 more per 1000
(5 fewer to 22 more)

New carious
lesions - 24 months

1804(2 RCTs)
MODERATE b

RR 1.93
(1.27 to 2.93)

37 per 1000 35 more per 1000
(10 more to 72 more)

Note: *The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio. GRADE Working Group grades of evidenceHigh certainty: We are
very confident that the true effect lies close to that of the estimate of the effectModerate certainty: We are moderately confident in the effect
estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially differentLow certainty: Our
confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effectVery low certainty: We have
very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. Explanations: a. The
optimal information size criterion was not met, there were few events and the CI included appreciable benefit and harm; b. The optimal information
size criterion was not met.

Table 4: Summary-of-findings table and quality of the evidence regarding the outcome “sealant retention”. Only comparisons with meta-analysis
were included.

Sealant retention in permanent molars in children: Glass carbomer X other sealing materials

Outcomes
Nº of participants
(studies)Follow up

Certainty of the
evidence (GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with other
sealants

Risk difference
with glass

carbomer sealant

Sealant retention 1515(3 RCTs)
VERY LOW a,b

RR 0.12
(0.13 to 0.38)

79 per 1000 70 fewer per
1000(69 fewer

to 49 fewer)

Sealant retention
- 12 months

1515(3 RCTs)
VERY LOW a,c

RR 2.12
(0.49 to 9.16)

170 per 1000 191 more per
1000(87 fewer
to 1391 more)

Sealant retention
- 24 months

1436(2 RCTs)
VERY LOW a,c

RR 2.02
(0.51 to 8.07)

289 per 1000 295 more per
1000(142 fewer
to 2046 more)

Note:*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio. GRADE Working Group grades of evidenceHigh certainty: We are
very confident that the true effect lies close to that of the estimate of the effectModerate certainty: We are moderately confident in the effect
estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially differentLow certainty: Our
confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effectVery low certainty: We have
very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. Explanations: a.
Inconsistency in the data due to high and non-explained heterogeneity; b. Imprecision due to a high confidence interval that does not exclude
great benefit or great harm; optimal information size was not reached; c. Imprecision due to a high confidence interval that does not exclude
great benefit or great harm.

 -6 months
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Figure 1: Flow diagram of included studies.

Figure 2:  Summary of the risk of bias assessment according to the Cochrane Collaboration tool.
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Figure 3: Forest plots of development of new carious lesions after 6, 12 and 24 months of follow-up.

Figure 4: Forest plots of sealant retention after 6, 12 and 24 months of follow-up.
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DISCUSSION
This systematic review and meta-analysis showed that

glass carbomer sealants have a similar performance to other
sealant materials when the prevalence of new caries lesions
and sealant retention are considered. However, this finding
must be taken carefully since the quality of the evidence is
low or very low and these results may be modified by new
clinical trials. An exception was found for the development
of new carious lesions, which seems to achieve better results
when other sealing materials are used after 24 months.

Glass carbomer is a restorative material that shares
some characteristics with glass ionomer cements, such as
the setting process based on an acid-base reaction15 and the
adhesion to mineralized dental substrate based on ion
exchange between the material and the tooth.34 But the
interest in studying glass carbomer cement relies on some
differences in the cement composition such as the presence
of nanocrystals of calcium fluorapatite and much finer
particle size. As a result, this material should show enhanced
mechanical properties,15 with bioactivity and probably, good
survival rates. Therefore, when using this restorative material
as a pit and fissure sealant, it would be expected better than
or at least similar clinical behavior as GIC sealants would be
expected, even without complete sealant retention.

This assumption was confirmed regarding the
development of new carious lesions until 12 months of follow-
up, and glass carbomer sealants showed similar
performance as the other sealing materials. However, for
the 24 months evaluation, HVGIC, HIGIC activated with light
and resin-based sealants performed better. This finding is
important, but must be interpreted carefully, since the quality
of the evidence is moderate.

This finding should be emphasized, considering that
the retention of pit and fissure sealants are commonly the main
outcome used in clinical trials to evaluate the efficacy of sealants
in preventing caries14 and its ability to remain intact and bonded
to the enamel surface for a lifetime is the main goal. 35

This may be true for resin-based sealants, but not for
glass ionomer sealants. The logic behind the use of retention
as a measure of sealant efficacy was investigated and has
been contradicted by the current evidence.36,32 A recent
systematic review could not find evidence associating the
loss of the GIC sealants and the development of carious
lesions37 and therefore considered the prevention of carious
lesions as a surrogate endpoint for sealant retention. An
update from a Cochrane systematic review also considered
the prevention of occlusal carious lesions as the primary
outcome.10 After all, the final objective when a clinician
indicates such procedure is to prevent the development of

carious lesions in susceptible teeth.  That is the reason why
this systematic review considered both factors as outcomes
for the meta-analysis: the prevention of carious lesions in a
more contemporary approach and the sealant retention as
the usual outcome.

Regarding retention rates, glass carbomer sealants
showed similar clinical performance as other sealing
materials, but the quality of the evidence regarding this
outcome was considered low or very low. The included
studies 18,19,32 exhibited several differences in treatment
settings and procedures. These differences may have affected
the estimate effects and could explain the high heterogeneity,
which makes the estimated pool effect of retention rates not
reliable. Additionally, this pooled effect estimate suffers from
inaccuracy and we cannot exclude a clinically important
benefit or harm when using glass carbomer sealants.

Among the differences between studies, some factors
may have some influence on the performance of the sealants.
Higher rate retention of GIC sealants can be obtained when
the sealant is placed under the finger press technique. The
cleaning method is also important. For resin-based sealants,
authors showed that occlusal surfaces cleaned with pumice
slurry provided significantly higher retention than brushing
and no cleaning.38

There are also inherent differences related to the
comparators used against glass carbomer sealant. Resin-based
sealants protocol includes acid-etching techniques, which
provide higher bond strength to the enamel;24 these sealants
also show lower viscosity39 when compared to GIC ones, which
may affect the material penetration into the fissures.40

Regardless of the described factors, sealants
deteriorate over time and the enamel surface may be
exposed to the oral environment and the cariogenic challenge
again.  It is the current assumption that GIC sealants fracture
cohesively and remnants of the sealant are left behind in the
deeper parts of the fissures.22 Notwithstanding, it was showed
that this may be true also for resin and glass carbomer
sealants.22 The analysis of colored pictures and SEM images
revealed that the remnants of GIC, glass carbomer and resin-
based sealants are similar after 2 and 3 years.22 This
remaining material modifies the anatomy of the fissures and
facilitates the removal of dental plaque by tooth brushing
from fissures that otherwise would be inaccessible 22, it also
promotes some release of fluoride to the adjacent enamel.41,42

Both processes seem to explain the lack of caries progression
even after total or partial loss of the sealant.

Finally, we should not deny that the present systematic
review and meta-analysis was based on only three available studies
regarding the clinical performance of glass carbomer as a sealant
in permanent molars. Further high-quality RCTs are needed to
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improve the quality of the evidence regarding this subject.
Therefore, considering the clinical performance and the costs of
the glass carbomer cement, we still can not suggest the use of
glass carbomer sealants over other sealing materials

CONCLUSIONS
Glass carbomer sealants have a similar performance

to other sealant materials when sealant retention is
considered. For the development of new carious lesions, other
sealant materials performed better over time. However, new
clinical trials are needed to corroborate these findings since
it still lacks quality to the evidence obtained.
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RESUMO:
Introdução: O excesso de material de colagem que permanece ao redor dos
bráquetes impacta negativamente a saúde bucal dos pacientes ortodônticos.
Objetivo: Avaliar a influência dos sistemas de colagem ortodônticos na remoção
de excesso de adesivo ao redor de bráquetes. Métodos: Baseado em suas
características, quatro sistemas de colagem ortodônticos foram selecionados:
adesivo fotopolimerizável (G1 – TransbondTM XT); adesivo fotopolimerizável com
pigmentação rosa (G2 - TransbondTM Plus Color Change); cimento de ionômero
de vidro reforçado com resina (G3 - FujiOrthoTM LC); e adesivo autopolimerizável
(G4 - ConciseTM). Para cada grupo (n=10), um único operador posicionou os
bráquetes em dentes bovinos (n=40) e utilizou uma sonda exploradora para
remoção visual do excesso de material de colagem. Após a polimerização / tempo
de cura, as amostras foram levadas ao estereomicroscópio e o software Axio
Vision 4,4 foi utilizado para mensurar a área de excesso de adesivo remanescente
ao redor de cada bráquete. Os dados quantitativos obtidos foram analisados
pelos testes de Kruskal-Wallis e post-hoc de Dunn em significância de = 0,05.
Resultados: O cimento de ionômero de vidro reforçado por resina (G3) apresentou
a maior área de remanescente de excesso. Não houve diferença estatisticamente
significativa entre os demais grupos (G1, G2 e G4), independente da pigmentação
ou do método de polimerização. Conclusão: O uso de cimento de ionômero de
vidro reforçado por resina resulta em maior área de excesso remanescente, o
que pode impactar negativamente a saúde bucal. A pigmentação e o método de
polimerização não influenciaram no excesso de material remanescente.

Keywords: Dental Bonding. Orthodontic
Adhesive. Dental Materials.

ABSTRACT
Introduction: Excess of adhesive around brackets negatively impact oral health
of orthodontic patients. Objective: Evaluate the influence of orthodontic bonding
system in removal of adhesive flash around orthodontic brackets. Methods: Based
on their characteristics, four orthodontic bonding systems were selected: light-
curing adhesive (G1 - TransbondTM XT); pink pigmented light-curing adhesive (G2
- TransbondTM Plus Color Change); resin-modified glass ionomer cement (G3 -
FujiOrthoTM LC); and auto-curing adhesive (G4 - ConciseTM). For each group (n=10),
a single operator placed metal brackets on bovine teeth (n=40) and used an
explorer tip to visually remove flash excess. After curing / setting, the samples
were taken to a stereomicroscope and the Axio Vision 4.4 software was used to
measure the area of remnant adhesive flash around each bracket. The
quantitative data obtained was analyzed by the Kruskal-Wallis and Dunn’s post
hoc test at = 0.05. Results: The results show that the resin-modified glass ionomer
cement (G3) had a larger area of remnant material than the other groups. There
was no statistical difference between the other groups (G1, G2, and G4),
independently of pigmentation or curing technique. Conclusion: It was concluded
that the use of a resin-modified glass ionomer cement results in a larger area of
remnant flash excess, which can negatively impact oral health. Pigmentation and
curing technique did not influence on remnant flash excess.

Original article
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INTRODUCTION
Since the introduction of orthodontic bonding

systems, some new materials have been developed to improve
clinical results.1 Many studies focused on adhesive bond
strength2 and properties such as: stiffness,3 color stability,4

fluoride release,5 inhibition of microbiological growth,5

cytotoxicity,6 amongst others. The goals of new adhesives
are oral health maintenance, patient and professional
satisfaction, and enhancing treatment. Dental literature is
rich in articles that analyze residual orthodontic adhesive
after bracket debonding, as well as enamel surface
characteristics, which must be smooth and polished after
treatment to inhibit biofilm aggregation. Many factors are
involved in these procedures, such as the instruments used
to clean dental surfaces, adhesive removal protocols, the
orthodontic bonding system used and the operator’s ability.7

However, the concern for changes in oral health
caused by orthodontic appliances should be present since
the beginning of the treatment. The choice of accessories
and bonding systems to be used should consider potential
for biofilm aggregation, ease of oral hygiene practice,
aesthetics, and possibility for staining. Regarding accessories,
the industry concentrates effort in enhancing surface
roughness, polish and size. For orthodontic bonding systems,
it is well-known that, during the bonding step, orthodontists
must carefully remove adhesive excess around brackets
before curing / setting. The goal of this step is to avoid that
flash remnants harm oral health, due to plaque
accumulation, leading to teeth staining and decay.
Nevertheless, there is a lack of literature that analyze the
techniques of bonding the brackets and removing excess
adhesive. There is also a lack of studies that analyze if different
bonding materials result in more flash excess around
brackets.8,9 Focusing on obtaining a “flash-free” enamel
surface should be considered a step as important as bracket
positioning for the overall treatment outcome.

The objective of the present work is to quantify the
amount of remnant material on tooth surface around
brackets after visual flash removal with an explorer tip,
comparing four widely-used orthodontic bonding systems:
TransbondTM XT Light Cure Adhesive (3M Unitek, Minnesota,
USA); TransbondTM Plus Color Change Adhesive (3M Unitek,
Minnesota, USA); GC Fuji ORTHOTM Light-cured Orthodontic
Cement (GC America Inc., Illinois, USA), and ConciseTM

Orthodontic Bonding System (3M Unitek, Minnesota, USA).
These systems were selected to include materials with
different colors, properties and curing techniques,
respectively. This study hypothesizes that different bonding
material characteristics can influence easiness of flash
removal. The null hypothesis is that similar amount of flash

remains around the brackets regardless of the bonding
material used, suggesting easiness of flash removal is not
related to the material chosen.

MATERIALS AND METHODS
Sample preparation

For sample size calculation, a pilot study was
performed with 4 samples per group. Considering the data
obtained of variance of 26.11 between-groups and error
variance of 30.87, it was determined a large effect size of
0.9196. Considering an alpha of 0.05 and a power of 80%,
these data indicated the need for 5 specimens in each group.
However, we decided to increase sample size to 10 specimens
per group, based in previous similar studies.8,9

Forty bovine incisors without cracks or color changes
were selected and stored in timol 0.1% solution. The crowns
were separated from the roots using a diamond metal disc
and were positioned on a glass surface, so that that the most
plane area of the facial surface was leaning against the glass.
Then, a 3/4 inches PVC cylindrical tube was positioned
surrounding each crown and acrylic resin (JET Clássico, São
Paulo, Brazil) was poured. The samples were grounded with
wood sandpaper number 180 and water sandpaper number
600 and 1200 using a polishing machine to standardize
smoothness and size of the plane area to a diameter of 6
mm. An insulating tape mask with 6 mm of diameter was
positioned over the smooth surface, to expose only the enamel
surface for evaluation.10,11

Bonding step
Edgewise slim mandibular incisor metal brackets

(Morelli Ortodontia, São Paulo, Brazil) were selected due to
their smaller size and flatter base, in order to minimize the
possibility of gaps between the bovine teeth’s flat surface
and the bracket base. To simulate the clinical situation,
prophylaxis with rubber cup, pumice stone and water was
carried out for 10 seconds and, at every 5 samples, a new
rubber cup was used. Then, the samples were rinsed for 10
seconds with air and water spray and dried with air spray
for 10 seconds. Phosphoric acid 37% (CONDAC 37, FGM
Produtos Odontológicos, Santa Catarina, Brazil) was used
to condition the enamel surface for 20 seconds, followed by
water rinsing and drying as previously described12.
The samples were randomly distributed amongst the groups
(n=10):
- Group 1 - TransbondTM XT Light Cure Adhesive (G1);
- Group 2 - TransbondTM Plus Color Change Adhesive (G2);
- Group 3 - GC Fuji ORTHOTM Light-cured Orthodontic Cement (G3), and
- Group 4 - ConciseTM Orthodontic Bonding System (G4).
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The bonding step was standardized to provide
consistent and reliable results. Each material was stored in
proper conditions, according to manufacturers’ instructions
and were left in room temperature for 24 hours before the
study. A single operator, a 2nd year orthodontic resident,
performed all the procedures, on the same day and under the
same conditions. A precision scale was calibrated with the
weight of the spatula used to apply the adhesive to the bracket
base. Then, the amount of desired material was scooped with
the spatula and a new weighting step took place. This
procedure was carried out 5 times, and the mean weight of
the material was 0.0114 g, varying from 0.0112 g to 0.0124 g.
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Figure 1: A) Illustration of the measurement of the application of a load of 2 N on the bracket. B) Visual flash excess clean-up using an explorer
number 5 tip.

A tensiometer (Zeusan Exporting Ltda., São Paulo,
Brazil) was used to measure the application of a 2 N load at
the time of bracket placement (Figure 1A). Then, the tip of an
explorer number 5 was used to remove flash excess (Figure
1B) until the operator considered that, visually, all the excess
material had been removed, simulating a clinical situation
of a “flash-free bonding”. G1, G2 and G3 were light-cured,
while the G4 was left to auto-cure. Due to the different
characteristics of each material making them easily
recognizable, the operator was not blinded when performing
the bonding step. The samples were kept in 100% humidity
for 24 hours, until surface analysis was performed.

Surface analysis
Analysis of dental surface was performed by a

different operator, also a 2nd year orthodontic resident, using
a stereo microscope (Carl Zeiss, Göttingen, Germany) with
20x magnification (Figure 2). The outer area of remnant flash
around each bracket was delineated and quantified using
the software AxioVision v. 4.4 (Carl Zeiss, Göttingen,
Germany) (Figure 3). To find only the area of flash excess,
the bracket area was calculated and subtracted from the
total area. The operator performing the surface analysis
was not blinded. To check for any bias, after seven days, a

new measurement step was carried out in 5 randomly
selected samples and the intraclass correlation coefficient
was 0.974, confirming operator reliability.

Statistical analysis
The software program SPSS v. 13.0 (SPSS Inc.,

Chicago, IL, USA) was used to analyze the data. The Shapiro-
Wilk test and histograms were used to analyze sample
distribution. Due to irregular distribution, the Kruskal-Wallis
test followed by Dunn’s post-hoc was used to compare the
groups to a level of 5% significance.

Figure 2: Stereo microscope Zeiss and AxioVision software showing the 20x magnification to determine the area of remnant material.
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Figure 3: A) Visualization of the area of remnant material using stereo microscope with a 20x magnification. B) Determining the area of remnant
material around the bracket with the software AxioVision, v. 4.4.

Figure 4: Box-Plot comparing the excess areas measured: TransbondTM XT (G1, Md = 6.68 mm2), TransbondTM Plus Color Change (G2, Md = 6.65 mm2),
Fuji ORTHOTM LC (G3, Md = 8.60 mm2) e ConciseTM (G4, Md = 7.40 mm2), respectively.

RESULTS
The results are relayed in the box-plot (Figure 4).

Statistically significant difference (p<0.05) in the remnant
material area was observed between G3 (Median (Md) = 8.60
mm2, Minimum (Min) = 3.72 mm2, Maximum (Max) = 13.61
mm2) and the other groups: G1 (Md = 6.68 mm2, Min = 5.15
mm2, Max = 8.43 mm2), G2 (Md = 6.65 mm2, Min = 2.11 mm2,
Max = 8.09 mm2), and G4 (Md = 7.40 mm2, Min = 4.93 mm2, Max
= 8.18 mm2). There was no statistically significant difference
between G1, G2, and G4.

DISCUSSION
The present study assessed if orthodontic bonding

systems characteristics such as pigmentations, properties
and curing could influence in obtaining a “flash-free”

bonding. The null hypothesis would be the similarity in
remnant flash excess in all the materials used, suggesting
that the remnant excess is independent of particular
characteristics of each systems. The results showed that,
when bonding with resin composites, the pigmentation or
curing technique does not influence on remnant flash area
after excess removal with an explorer tip. However, the use
of resin-modified glass ionomer cement results in a larger
area of remnant flash, which might have clinical implications.

It is still common to observe in clinical practice some
excess of bonding material around brackets. Some
orthodontists do not take the necessary time and attention
needed to remove excess adhesive after bracket bonding,
which might lead to carious lesions, gingival hyperplasia,
compromised aesthetics, and enamel staining. Considering
that there is an effort to enhance brackets’ and accessories’
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industrial quality and size to market better appliances,
investment in these aspects seems contradictory if the chosen
bonding system leaves more remnant flash excess, which
might jeopardize plaque control and favor biofilm
aggregation.5,8,13 According to Lee et al., orthodontics
adhesives have a higher microbial retaining capacity than
brackets.14 Therefore, focusing on obtaining a “flash-free”
enamel surface should be considered a step as important as
bracket positioning for the overall treatment outcome.

The analyzed materials in this research were chosen
because they include a range of different orthodontic
bonding system characteristics. TransbondTM XT (G1) is a
light-curing adhesive considered to be the gold-standard in
research and clinical practice in Orthodontics.8 TransbondTM

Plus Color Change (G2) also is a light-curing adhesive and,
according to the manufacturer, has the advantage of fluoride
release and moisture tolerance, besides being a pink paste
before light-curing, which enhances brackets positioning and
flash clean-up. GC Fuji ORTHOTM Light-Cured Orthodontic
Cement (G3) is a glass ionomer light-curing cement well-
known for its fluoride release and bonding strength5. And
lastly, ConciseTM Orthodontic Bonding System (G4) is an auto-
curing resin with satisfactory mechanical properties that does
not require a light-curing stage.

In orthodontic bonding procedure with light-curing
adhesives, usually 3 steps are carried out consecutively:
enamel etching, dental adhesive spread, and bonding the
bracket12. However, many studies have shown that there is
no statistically significant difference in regard to bonding
strength and the use of dental adhesive when there is humidity
control.15,16 Therefore, in this research the dental adhesive
step was excluded to limit possible interferences in visual
assessment of flash excess and also because there is no
comparative dental adhesive step for ConciseTM Orthodontic
Bonding System (G4).

According to the manufacturer, TransbondTM Plus
Color Change (G2) is similar to TransbondTM XT (G1) in regard
to bonding strength, with added advantages such as the pink
color before light-curing and fluoride release. The
manufacturer’s premise is that the pink color provides visual
contrast between the enamel surface and the bonding
material, making flash more visible and easier to remove,
without altering characteristics such as tolerance to moisture
and bond strength.17

However, this research showed that G2 was not
statistically significantly different in concern to flash removal
from the other resin groups, G1 and G4, which have a color
similar to enamel surface, contradicting the manufacturer’s
premise. This result confirms the previous findings of Alencar
et al.8 and Armstrong et al.9 that suggested that the addition
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of a coloring agent to assist in visualization did not reduce
the amount of flash around the brackets.

Among the tested materials, Fuji ORTHOTM LC (G3) is
the most distinct because it is a resin-modified glass ionomer
cement. Its biggest advantage described in the literature is the
fluoride release property.5 Other advantages found in the
literature and indicated by the manufacturer are: better
working time, because it is light-cured; satisfactory mechanical
strength; moisture tolerance; bonding durability; and easy
clinical removal after end of treatment.11,18 However, in
concern to remnant flash excess after clean-up, G3 presented
a statistically significant difference to the other groups. This
finding might be explained by the material’s low viscosity
compared to the other adhesives, making it harder to remove
and more attached to the etched enamel surface.19

As flash excess around brackets must be avoided due
to aforementioned reasons, one must consider that the
fluoride release advantage of Fuji ORTHOTM LC can be
overcome by the amount of biofilm aggregated to the
material excess. Literature also shows that microorganisms
adhere more firmly to resin materials and components
present in the adhesive matrix might favor bacterial
growth.5,20 Caldeira et al. assessed the surface of bonding
materials submitted to biofilm of S. mutans, L. casei, and C.
albicans, and found that Fuji ORTHOTM LC presented the
highest microorganism adherence and fixation5.

ConciseTM Orthodontic Bonding System (G4) is an
auto-curing paste-paste resin, with its working time restricted
by its setting time. Regarding their mechanical properties,
both auto-curing and light-curing resins present good
debonding strength and bonding adhesive failure rates.21,22

The setting time of auto-curing resins may reduce the
available time for flash removal. Hence, one might expect
that light-curing materials would have an advantage in that
matter, since their working time is controlled by the operator.
However, this hypothesis was not confirmed in this research,
as there is no statistically significant difference between G4,
and G1 and G2. In this study, the operator removed the excess
until visually considering that the sample was “flash-free”
and setting time was not considered a limiting factor.
However, in clinical practice, the orthodontist takes some
time properly positioning the bracket and only then proceeds
to flash removal. The time spent in correctly positioning the
bracket might limit the time for flash excess removal before
the material sets. This situation was not reproduced in this in
vitro evaluation.

It is important to emphasize that, in this study, bovine
teeth were used to prepare the samples, based on several
studies that prove that these animals’ mandibular incisors
are excellent substitutes to human teeth in Dentistry-related
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research for their microstructural characteristics,
surface roughness, bonding strength, and size23-26. However,
studies that compare the color of human and bovine teeth
have shown that bovine enamel has a darker shade.27,28

We hypothesize that adhesives that are similar in color
to human enamel might have a higher contrast against bovine
enamel. Therefore, visualization might have been easier even
for these adhesives than it would have been in human teeth,
eliminating the advantage of the pink colored resin
TransbondTM Plus Color Change (G2). This bias might also have
occurred in Armstrong et al.9 research, due to the use of
typodont teeth, which also differ in color from human teeth.

Continuing the rationale, the contrast would also have
benefitted the resin-modified glass ionomer GC Fuji ORTHOTM

LC (G3), due to its whiter color, which did not occur, favoring
the hypothesis that the nature of the adhesive and its
adherence to etched enamel had higher influence in remnant
excess than color itself. Possibly, G1 and G2 showed similar
results due to their similar structures.

The results and conclusion of this study suggest
validation of the hypothesis that materials’ properties
influence in flash excess removal. Limitations of this study to
be pointed out are: (1) the in vitro experiment, which does
not fully represent the clinical situation, with its
particularities; (2) using only one operator to standardize
the excess removal technique and limit the variable to the
orthodontic bonding system; and (3) results limited to the
materials tested. These limitations, however, do not
jeopardize the findings. On the contrary, it stimulates new
studies on this scarcely researched topic. It is suggested that
more research on this subject is carried out with in situ or in
vivo methodology, with more than one operator, and
including other materials, such as the flash-free orthodontic
adhesive systems. One must consider other reasons for
remnant flash on the enamel surface after clean-up, such
as: the chosen material, operators ability and visual accuracy,
difficulty in identifying the flash excess, type of instrument
used for clean-up procedure, time available for bonding,
and quantity of material applied to the bracket base.
Obtaining a “flash-free” bonding is of major importance
when starting an orthodontic treatment and this subject must
be given the proper importance, such as debonding
techniques do.

CONCLUSION
Based on experimental tests of the present work, the

following results were found:
1. The orthodontic bonding system properties can influence
in flash excess removal.
2. Bonding with a resin-modified glass ionomer cement
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resulted in a larger area of remnant adhesive material, even
after flash excess removal with an explorer tip, demanding
higher attention when this is the material of choice.
3. The curing technique and the addition of pigment to the
bonding adhesive do not influence on remnant flash excess.
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RESUMO
Objetivo: Avaliar o impacto do estado de saúde bucal na qualidade de vida e na
satisfação pessoal de adolescentes das áreas urbana e rural de Nova Friburgo, Brasil.
Métodos: Adolescentes entre 11 e 14 anos, matriculados nas escolas participantes do
Programa Saúde na Escola (PSE) da zona rural e urbana desta cidade (n = 509), receberam
o Termo de Consentimento Livre e Esclarecido para a participação neste estudo,
juntamente ao questionário econômico a ser entregue para o responsável. O estado de
saúde bucal do adolescente foi avaliado clinicamente, por meio dos índices Cariados,
Perdidos e Obturados (CPOD); critérios de envolvimento pulpar, ulceração, fístula e
abscesso (PUFA); e Índice de Necessidades de Tratamento Odontológico (INTO). A
qualidade de vida foi mensurada por meio do Child Perception Questionnaire (CPQ11-
14), enquanto a avaliação da satisfação pessoal, por meio da Subjective Happiness Scale
(SHS), ambos na forma de entrevista. Foram realizados testes estatísticos (Qui-
Quadrado; Exato de Fisher; Mann-Whitney) com nível de significância de 5%.
Resultados: A amostra final foi de 161 adolescentes. O impacto do estado de saúde
bucal na qualidade de vida dos adolescentes de ambas as áreas não foi
significativamente diferente, embora o agravamento da condição bucal tenha
apresentado tendência a piorar a qualidade de vida. Da mesma forma, não houve
relação da condição oral com a satisfação pessoal, sem diferenças entre os grupos.
Observou-se que os adolescentes rurais apresentaram melhor qualidade de vida
(p<0,010), enquanto os urbanos apresentaram maior grau de satisfação pessoal (p
<0,001). Conclusão: O estado de saúde bucal teve impacto negativo na qualidade de
vida, mas não teve relação com a satisfação pessoal, independente da área demográfica.

Keywords: Dental Caries. Quality of Life.
Public Health. Caries Index.

ABSTRACT
Objective:  Evaluate the impact of oral health status on the quality of life and personal
satisfaction among adolescents from urban and rural areas, in Nova Friburgo, Brazil.
Methods: Adolescents between 11 and 14 years, enrolled in the schools participating in
the Health in School Program (HSP) of rural and urban of this city (n = 509), received the
consent form for the participation in this study, along with the economic questionnaire
to be handed to the responsible. Adolescent´s oral health status was evaluated
clinically, through the Decayed, Missing and Filled Teeth (DMFT); pulpal involvement,
ulceration, fistula and abscess criteria (PUFA); and Dental Treatment Needs Index (DTNI).
The quality of life was measured through the Child Perception Questionnaire (CPQ11-
14), while personal satisfaction´s evaluation, through the Subjective Happiness Scale
(SHS), both as interview. Statistical tests were performed (Chi-Square; Fisher’s exact;
Mann-Whitney) with level of significance of 5%. Results: The final sample comprised
161 adolescents. The impact of oral health status on the quality of life of adolescents
from both areas was not significantly different, although the aggravation of the oral
condition showed a tendency to worse the quality of life. Similarly, there was no relation
of the oral status with personal satisfaction, without differences between the groups.
It was observed that rural adolescents presented better quality of life  (p<0.010), while
the urban ones had higher degree of personal satisfaction (p<0.001).  Conclusion: Oral
health status had a negative impact on the quality of life, but had no relation to personal
satisfaction, regardless of the demographic area.
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INTRODUCTION
Dental caries is a relevant public health problem

worldwide.1-5 Although some studies showed a significant
reduction of the disease, even among adolescents,6,7 in Brazil,
the last national survey showed that caries index continued
to be high in this age group.8,9 In addition, the rate of caries
lesions progression was reported as higher at adolescents,
when compared to young adults participants.10 It is also
worth noting that dental caries in advanced stages can have
a negative impact on the quality of life, due to pain, discomfort
and infection.11-16

 Regarding the oral-health-related quality of life
(OHRQoL), it is defined as a multidimensional concept, which
is a subjective about all the individual domains
complementing clinical health, in the assessment of physical
well-being and not just the absence of diseases.17,18 It reflects
among other issues, the comfort of the individual when
feeding, during sleep, engaging in social interaction, self-
esteem and satisfaction with his/her oral health.19 Aiming to
measure the self-perception of adolescents regarding their
OHRQoL, the Child Perceptions Questionnaire (CPQ11-14) is
widely used,20,21 which short version was validated.22,23 As a
complement to the quality of life, the evaluation of personal
satisfaction, through the Subjective Scale of Happiness
(SHS),24 characterizes the individual both in absolute and
relative forms, according to specific domains, as more or
less happy / unhappy.24,25

Although studies have reported an association
between quality of life and oral health condition26-30, the
correlation of the oral health status with the impact on
personal satisfaction was scarcely investigated.30 Considering
that in Brazil, some studies showed rural residents presented
worse oral health conditions compared to urban residents,31,32

the present study aimed to evaluate the impact of oral health
status on the quality of life and personal satisfaction among
adolescents from urban and rural areas, in Nova Friburgo,
Brazil.

MATERIAL AND METHODS
This cross-sectional study was reported according to

the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement.33

Ethical issues
Ethical approval was granted (2.015.179). Parents/

guardians and the adolescents were informed about the
research. Signed Informed consents were obtained from all
individual participants included in the study.

Study design, setting and participants

This cross-sectional study was done as a census, with
all the adolescents, between 11 and 14 years, enrolled in the
schools participating in the HSP (Health in School Program)
of Nova Friburgo, Rio de Janeiro, Brazil, at the year 2018. In
addition to the informed consent to allow the participation
of the adolescents in the study, guardians also received social
economical questionnaires (ABEP and IBGE). The inclusion
criteria corresponded to healthy adolescents, with complete
permanent dentition, with or without the permanent third
molars. Adolescents in orthodontic treatment using a fixed
appliance or with special needs or in the mixed dentition
period or whose clinical examination could not be performed
were excluded. Moreover, adolescents that did not sign the
informed consent form or whose guardians did not signed
it, were also excluded.

Nova Friburgo is a Brazilian city in the state of Rio de
Janeiro, Southeastern Brazil. Its estimated population in 2018
was 190,084 inhabitants. It is located in the north-central
part of the state, 136 km from the capital.34 In this municipality
the Health in School Program  (HSP) aims to contribute to
the integral formation of students through actions of
promotion, prevention and health care, addressing the
vulnerabilities that compromise the full development of
children and adolescents. At the present study, the rural
schools were located far from downtown Nova Friburgo, in
rural areas; in contrast, the urban schools, were at the center.
According to the HSP coordination, a total of six schools
presented schoolchildren with the focused age range, from
11 to 14 years old.  Four schools were located in the urban
area, and two in the rural area. The included schools
represented all schools in the city for this age group.

Variables, measurements
First phase: epidemiological survey of oral health

The DMFT index is recommended to record the
experience of caries in each population35 and is the most
used index for epidemiological surveys.36  However it does
not allow the detection of the clinical consequences of
untreated carious lesions.35-39 Thus, the PUFA index,40 which
evaluates the presence of pulpal involvement (P), ulceration
caused by dislocation fragments (U), fistula (F), and abscess
(A), was also used at the present study with the objective of
determining the prevalence and recording the severity of
the consequences of untreated caries lesions, as a
complement to the DMFT.

The epidemiological survey of adolescent´s oral
health, was performed by a single trained and calibrated
examiner (HMC) with excellent values (Kappa intra and inter
equal 1) for both DMFT and PUFA indexes. Initially, the
examiner (HMC) participated in a training and discussion
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session with an experienced researcher (MMA) and
the calibration process was carried out with three adolescents
presenting several scores for DMFT index. Then, the
calibration process was conducted with five adolescents also
presenting several scores for DMFT index, in two distinct
periods with a week interval. After the signature of the
consent terms of adolescents and collection of personal data,
the visual clinical examination was performed in school desks,
using only natural light, with tongue depressor and following
the recommendation of the indexes: DMFT35  and PUFA40 ,
and the biosafety standards. Based on the evaluation of the
DMTF and PUFA indexes, the following categorization of the
sample was done in relation to the oral health condition of
each individual, so the groups were denominated: Group 1
(G1) – DMFT and PUFA with score 0 for both, Group 2 (G2) –
score e” 1 of the DMTF index and PUFA = 0 and Group 3 (G3)
– DMTF and PUFA with score e” 1 for both. Besides this, the
Dental Treatment Needs Index (DTNI)41, was also applied in
the same conditions, allowing an evaluation of the oral
status. The codes were grouped, forming 2 groups: without
need for treatment (WNT) and need for treatment (NT).

Second phase: Quality of life and personal
satisfaction assessments

Short and validated version CPQ11-14 questionnaire22,23

was applied as an interview to all participants. This instrument
contains 16 questions corresponding to four domains: oral
symptoms (04 questions), function limitation (04 questions);
emotion well being (04 questions) and social well being (04
questions). Each question has five alternatives of answer; each
presented a certain score, ranging from 0 to 4 points. In the
overall sum the score of the instrument could vary from 0 to
64. Higher scores revealing higher negative impact of the oral
conditions in the adolescent‘s quality of life. The instrument
also contains global classifications of the oral health and how
this condition can affect her/his general well being.

For the personal satisfaction evaluation, the
instrument adopted was the Subjective Happiness Scale  (SHS)
Lyubomirsky, Lepper (1999)24, translated by Rodrigues, Silva
(2010)25, which can globally measure the subjective happiness
by the two components: affective (degree in which pleasant
affective experiences weigh more than unpleasant, in a
general way) and cognitive (degree in which the individual
realizes the understanding of their needs). The count can
range from 1 to 7, with higher values corresponding to better
personal satisfaction. Both instruments were applied by a
single examiner (HMC) in the form of an interview, directly to
the adolescents, in a reserved room in the school
environment.

Data analysis, statistical methods
The data were categorized and evaluated using the
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statistical software SPSS® (Statistical Package for the Social
Sciences®, Version 21.0, Chicago, USA). Statistical tests were
performed to compare nominal variables (Chi-Square and
Fisher’s exact test), to compare independent samples and
their numerical variables (Mann-Whitney) and to compare
two or more independent samples with the same or
different sizes (Kruskal Wallis). The level of significance
adopted was 5% (p<0.05).

RESULTS
Participants

At all the six schools of the HSP program of the city,
509 informed consent terms and social economical
questionnaires, corresponding to the  eligible participants
considering the universe of students of the required age
group, were sent to those guardians, by the schools. During
a period of 30 days, 194 (38%) signed and filled terms and
questionnaires were obtained. Thirty-three adolescents were
excluded because they were in the mixed dentition period.
The final sample comprised 161 adolescents, 104 from urban
area and 57 from rural area that fitted the inclusion criteria.
The distribution and characterization of the sample was
described in table 1.

Outcome data and main results
Comparing oral health status and economic condition

it was observed that the majority of the families were in the
medium economical class (levels C and D) and the majority
in the G1 (with score 0 for both DMFT and PUFA), but without
significant statistical difference (p<0.151). When the
adolescents were divided in relation to their oral health
condition, and comparing them by rural and urban areas, it
was observed that the majority were in the G1, in both areas:
57 (54.8%) in urban and 39 (68.4%) in rural area (Table 2),
without statistical significant differences between the
distribution by areas and the oral health condition (p<0.233).

Comparing quality of life and personal satisfaction
between areas, both evaluations obtained significant results.
The mean value of quality of life in relation to oral health
conditions disclosed for the urban adolescents (11.88) were
higher than those from the rural (8.91), indicating a lower
impact of the oral conditions on the  quality of life for the last
population (p<0,010). On the other hand, in relation to
personal satisfaction, the urban adolescents had more
personal satisfaction (mean = 4.58), compared to rural
adolescents (mean = 4.14) (p<0.001), considering that higher
values mean better personal satisfaction. Crossing quality of
life with and oral health status (G1, G2, G3) between
demographic areas, there was no statistically significant
difference, regardless of the area. However, it was observed
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Sex Male 38 (36.5%) 26 (45.6%) 64 (39.8%)
Female 66 (63.5%) 31 (54.4%) 97 (60.2%)

Age (years) 11 9 (8.7%) 8 (14.0%) 17 (10.6%)
12 32 (30.8%) 17 (29.8%) 49 (30.4%)
13 38 (36.5%) 17 (29.8%) 55 (34.2%)
14 25 (24.0%) 15 (26.3%) 40 (24.8%)

Skin color White 54 (51.9%) 42 (73.7%) 96 (59.6%)
Black 20 (19.2%) 5 (19.2%) 25 (15.5%)

Brown 21 (20.2%) 7 (12.3%) 28 (17.4%)
Others 9 (8.7%) 3 (5.3%) 12 (7.5%)

Economic class A _ _ _
B 9 (8.7%) 2 (3.5%) 11 (6.8%)
C 81 (77.9%) 36 (63.2%) 117 (72.7%)
D 12 (11.5%) 18 (31.6%) 30 (18.6%)
E 2 (1.9%) 1 (1.8%) 3 (1.9%)

Table 1: Distribution and characterization of the sample.

Variables

Oral health condition G1 G2 G3 P value

Area
   57(54.8%) 33(31.7%) 14(13.5%)

  <0.233*

         96(59.6%) 45(28.0%) 20(12.4%)
Note: (G1) – DMFT and PUFA with score 0 for both, (G2) – score > 1 of the DMTF index and PUFA = 0, (G3) – DMTF and PUFA with score > 1 for both  *Chi-square test.

Urban
(n=104)

Rural
(n=57)

         39(68.4%)   12(21.1%) 6(10.5%)

Total (N=161)

Table 2: Adolescent’s distribution in relation to the oral health condition and areas of Nova Friburgo city (RJ).

Table 3: Mean values of quality of life in relation to oral health condition between urban and rural areas of Nova Friburgo city (RJ).

Instrument Gravity Urban Rural

CPQ 11-14
G1 10.19 7.82
G2 13.64 7.25
G3 14.64 19.33

P value <0.110* <0.113*

Note: (G1) – DMFT and PUFA with score 0 for both, (G2) – score > 1 of the DMTF index and PUFA = 0, (G3) – DMTF and PUFA with score > 1 for both * Kruskal Wallis test.

Table 4: Mean values of personal satisfaction in relation to oral health condition between areas of Nova Friburgo city (RJ).

Instrument Gravity Urban Rural

SHS
G1 4.55 4.13
G2 4.53 3.85
G3 4.85 4.79

P value <0.151* <0.070*

Note: (G1) – DMFT and PUFA with score 0 for both, (G2) – score > 1 of the DMTF index and PUFA = 0, (G3) – DMTF and PUFA with score > 1 for both * Kruskal Wallis test.

Urban area

n=104 (%)

Total

n=161 (%)

Rural area

n=57 (%)
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a trend for worsening the quality of life as an effect of
unfavorable oral health conditions, in both areas, especially
in rural (Table 3).

The Dental Treatment Needs Index (DTNI) and the
variables of quality of life and personal satisfaction were
also crossed, regardless of where they live.  In relation to
quality of life, the adolescents from the group WNT had better
values (9.21) than the other group (15.59), being this
difference statistically significant (p<0.001). In addition,
regarding personal satisfaction, there was no statistically
significant difference among adolescents that needed (4.71)
or not treatment (4.82), also in both areas (p<0.404). When
the impact on oral health status (G1, G2, G3) was analyzed
on the personal satisfaction between urban and rural areas,
the difference was not significant, as well as there was no
relation between this variable and the grievance on the oral
health condition (Table 4).

DISCUSSION
The majority of the sample comprised females and

with white color, a result different from that found in a
systematic review conducted in Brazil, where browns/blacks
were the most observed in studies related to oral health36.
This sample characteristic can be justified by the
predominantly European colonization of the Nova Friburgo
city, located in the mountain region. About the economic
aspects, most families belonged to the medium class, which
was also observed when the sample was divided by
demographic area. Regarding the oral health condition, most
of them did not present dental caries, and in this sense, the
phenomenon of dental caries polarization6 was observed,
possibly due to preventive strategies implemented by the
Health in School Program.  In addition, comparing the two
variables, oral health conditions and economic aspects, there
was no direct relationship, corroborating with studies that
point out a higher occurrence of dental caries among lower
income groups, since children from areas lacking financial
resources were more likely to have dental caries.36,42,43

One of the purposes of the present study was to search
for a possible association between demographic area and
oral health condition. It was observed that most of the sample
was in the G1 group in both regions, showing good oral health
conditions. Therefore, dental caries and its consequences
were observed in 40.4% of the sample, being lower than the
last national survey, which showed that 56.5% of Brazilian
adolescents with caries experience. When comparing the
areas of the southeast region, where the city is located, those
with caries experience were found mostly in the urban area,
similarly with this survey.8

Interestingly, in other countries, some studies revealed

that the overall experience of caries was similar both in rural
and urban areas, however higher in rural areas.44,45,46

According to the aforementioned literature, the greatest
involvement by the disease is in rural areas. Conversely, the
results in the present study revealed that the urban area had
worse oral health status. However, there was no statistical
difference between areas, since most of the students did not
present dental caries. As the HSP program performs health
actions in these schools, it can be assumed that this fact may
have influenced the results obtained.

Regarding the focused population, studies are usually
conducted on a school environment, which reinforces the
need for written authorizations of those responsible, as an
ethical prerequisite. Nevertheless, some studies have already
pointed the difficulty of obtaining such authorizations in
studies conducted on adolescents.47,48  In this sense, at the
present study, a low rate of returning of the terms/
questionnaires (38%) was observed, which could be
considered a research limitation. Moreover, no studies with
the same methodology used, were retrieved in the literature,
which hindered a comparison across studies. In any case,
more studies with larger samples are needed, especially in
relation to personal satisfaction or subjective well being, since
it is a new measure of evaluation. Taken together the
limitations, the results of the presented study should not be
extrapolated to other populations.

Studies have shown a direct relationship between the
oral health status and the quality of life.26-28 Similar results
were observed in the present study. On the other hand, a
relationship between the oral health status and the personal
satisfaction was not disclosed. It is worth mentioning that
this issue has still been scarcely reported, although some
studies demonstrated that oral conditions and quality of life
affect happiness,30,49 and could be considered important
predictors of happiness.49 Nonetheless, a correlation was
disclosed between the scores on the subjective happiness
scale and the general CPQ11-14 scores,30 and a similar
association was disclosed by Yoon et al., (2013)49 with an
elderly population, which do not corroborate with the present
study results.

Regarding the Dental Treatment Needs Index (DTNI)
and the variables of quality of life and personal satisfaction,
it was observed that the adolescents from the group without
treatment needs showed better quality of life; while, curiously,
no difference was disclosed in relation to personal satisfaction.
In addition, comparing quality of life and personal satisfaction
between areas, rural adolescents showed better quality of
life, while urban adolescents showed slightly higher personal
satisfaction. Nevertheless, aiming to contribute to the oral
health and quality of life of those with treatment needs, the
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clinical and epidemiological data collected were
presented to the responsible and participants were referred
to dental treatment, at the local School of Dentistry.

CONCLUSION
According to the results of the present study, the

adolescent´s oral health condition tended to have a negative
impact on the quality of life, while it did not present a relation
with the personal satisfaction, independent of the
demographic area (urban or rural) of the adolescents of the
Nova Friburgo city.
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RESUMO
Objetivo: O objetivo deste estudo foi avaliar a estabilidade da cor do esmalte
dentário exposto à fumaça de cigarro após a descolagem ortodôntica. Métodos:
Trinta e dois incisivos bovinos foram alocados nos grupos controle (C1 and C2) e
experimental (n = 8) de acordo com protocolos de colagem ortodôntica distintos:
com adesivo (B1) e sem adesivo (B2) e expostos à fumaça de cigarro. Amostras do
B1, B2 e C2 foram expostas a dez ciclos de fumaça em uma câmara específica e
hermética, enquanto o C1 permaneceu armazenado em saliva artificial. A análise
da estabilidade de cor foi realizada com um espectrofotômetro de acordo com o
sistema L* a* b*. As comparações intergrupos e o efeito do tempo foram verificados
com ANOVA / Tukey e testes t de Student, respectivamente (a=0,05). Resultados:
Não foram observadas alterações de cor estatisticamente significativas no C1 (L*:
-0,69 ± 0,80; a*: 0,36 ± 0,23; b*: 0,17 ± 0.50) e sem adesivo (B2) (L*: -3,74 ± 2,85; a*: 0,93
± 0,73; b *: 1,13 ± 1,16) durante o tempo de estudo (p>0,05). No entanto, o grupo
com adesivo (B1) apresentou alterações significativas de cor em L*: - 5,55 ± 2,28,
a*: 2,33 ± 0,77 eb*: 3,30 ± 1,37, o que significa, mais escuro, mais verde e mais
amarelo, respectivamente (p<0,05) e o grupo controle exposto à fumaça de cigarro
(C2) apresentou alterações significativas de cor em L*: -1,72 ± 0,28 e b*: 1, 82 ± 0,22,
o que significa, mais escuro e mais amarelo, respectivamente. Conclusão: A
estabilidade da cor do esmalte foi afetada pela exposição à fumaça de cigarro
após a descolagem ortodôntica, principalmente quando o protocolo de colagem
incluía a aplicação de adesivo.

Keywords: Dental Debonding. Dental
Esthetics. Cigarette Smoking.
Orthodontics.

ABSTRACT
Objective: The aim of this study was to evaluate the color stability of dental
enamel exposed to cigarette smoke after orthodontic debonding. Methods:
Thirty-two bovine incisors were allocated into control (C1 and C2) and experimental
groups (n=8) according to distinct bonding protocols: with adhesive (B1) and
without adhesive (B2) and exposure to cigarette smoke. Samples from B1, B2
and C2 were exposed to ten cycles of smoke in a specific and hermetic chamber
while the C1 remained stored in artificial saliva. Color analysis was performed
with a spectrophotometer according to the L*a*b* system. Intergroup
comparisons and effect of time were estimated with ANOVA/Tukey and paired
Student t tests, respectively (a=0.05). Results: Statistically significant color
changes have not been observed in C1 (L*: -0.69 ± 0.80; a*: 0.36 ± 0.23; b*: 0.17 ±
0.50) and without adhesive (B2) (L*: -3.74 ± 2.85; a*: 0.93 ± 0,73; b*: 1.13 ± 1.16)
through the study time (p>0,05). However, the group with adhesive (B1) presented
significant color changes in L*:-5.55 ± 2.28, a*: 2.33 ± 0.77 and b*: 3.30 ± 1.37, what
means, darker, greener and more yellow, respectively (p<0,05) and the control
group that was exposed to the cigarette smoke (C2) presented significant color
changes in L*: -1.72 ± 0.28 e b*: 1.82 ± 0.22, what means, darker and more yellow,
respectively. Conclusion: Enamel color stability was affected by exposure to
cigarette smoke after orthodontic debonding, especially when bonding protocol
comprised the application of primer adhesive.
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INTRODUCTION
The introduction of the acid etching technique in

Orthodontic field improved the evolution of orthodontic
brackets bonding. In this perspective, one of the main concerns
is that at the end of the orthodontic therapy, the enamel surface
presents similar conditions as before treatment.1

After orthodontic debonding, composite residues
remain on enamel surface and some studies have shown
that irreversible penetration of resin tags in the enamel
structure occurs during brackets bonding protocol. The
composite material can infiltrate dental structure from 11.8
µm to 18.9 µm, sometimes reaching up to 100 µm.2-4 Residual
adhesive can remain on the tooth even if an enamel layer is
removed during debonding protocol.5

Despite composite resins are the first choice when dental
aesthetics is required, these materials present limitations such
as surface roughness and porosity, associated to staining6

and infiltration of food dyes and cigarette residues, reducing
the longevity of aesthetic treatments.7

It is known that there are about 1 billion of smokers
all over the world, of which high consumption rates are
related to teenagers. And it is associated with oral cancer
and enamel staining8. There some studies reporting the
influence of cigarette smoke as a staining agent for aesthetic
biomaterials,9-11 study by Omar et al. 202012 investigated the
influence of cigarette smoke on shear bond strength
regarding to brackets, but there are no studies relating
cigarette smoke with orthodontic bonding materials and the
effects on aesthetic after debonding procedures.

It is hypothesized that patients undergoing
orthodontic treatments with fixed appliances, and, who are
also cigarette users may have a higher chance of enamel
staining after orthodontic brackets debonding. Thus, the aim
of this study was to evaluate, in vitro, the color stability of
dental enamel exposed to cigarette smoke after orthodontic
brackets debonding.

MATERIAL AND METHODS
Sample

This study was approved by the Animal Ethics
Committee of the Center of Health Sciences of the
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Universidade Federal do Rio de Janeiro under protocol
number 01200.001568/2013-87.

According to a prior pilot study, a power sample
analysis based on the formula described by Pandis13

considered a minimum of eight samples per group for
detecting difference between means of 5 (for parameter L of
color stability from the CIL*a*b* system) with standard
deviation of 2.1 (a=5% and study power = 80%).

Thirty-two bovine incisors, obtained from a certified
slaughterhouse, were selected for this study.  Dental crowns
were separated from the root using a diamond disc (KG
Sorensen, Cotia, São Paulo, Brazil), inserted in a PVC cylindrical
fragment (25 mm x 20 mm - Lusafilm- Dispafilm do Brasil
Ltda, São Paulo, Brazil) so that the buccal crown surface was
perpendicular to the PVC matrix; and fixed with a self-curing
acrylic resin (JET, Classic Dental Articles LTDA, Campo Limpo
Paulista, São Paulo, Brazil). Then the buccal surface was
sanded with sandpapers No. 400, 600 and 1200 (3M, Sumaré,
São Paulo, Brazil) under water irrigation (30 seconds each)
on a Politriz machine (Ecomet II, Buehler, Illinois, USA) so that
flat, smooth and polished surfaces were obtained. The samples
were stored in distilled water at 37°C. The entire procedure
was performed by the same operator (A.R.S.).

Samples were allocated into control and experimental
groups (n = 8) according to orthodontic bonding protocol
and cigarette smoke exposure (Table 1). Edgewise brackets
(0.022-in) (Morelli, Sorocaba, SP, Brazil) were bonded to
experimental groups, under the following protocols:  B1 -
phosphoric acid 37% (Nova DFL, Rio de Janeiro, RJ, Brazil),
primer adhesive (Transbond XT Light Cure Adhesive Primer,
3M Unitek, Monrovia, CA, USA) and Transbond XT Light Cure
Adhesive Paste composite (3M Unitek, Monrovia, CA, USA);
and B2 - phosphoric acid 37% (Nova DFL, Rio de Janeiro, RJ,
Brazil) and Transbond XT Light Cure Adhesive Paste composite
(3M Unitek, Monrovia, CA, USA) (Figure 1). Control groups
were not submitted to orthodontic bonding, and allocated
into C1 and C2 according to non-exposure and exposure to
cigarette smoke, respectively.

Table 1: Groups division according to bonding protocol and exposure to cigarette smoke.

GROUPS BONDING PROTOCOL SMOKE EXPOSURE

B1 Bonding protocol with primer adhesive Yes
B2 Bonding protocol without primer adhesive Yes
C1 No bonding protocol No
C2 No bonding protocol Yes

Note: B1, Bonding protocol with primer adhesive exposed to cigarette smoke; B2, Bonding protocol without primer adhesive exposed to cigarette
smoke; C1, No bonding protocol without smoke exposure; C2, No bonding protocol with smoke exposure.
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Figure 1: Photographs illustrationg bonding brackets procedure: A) Bracket positioning with bracket holder tweezers. B) Standardization of
bonding pressure by using a tensiometer with 200gF. C) Tensiometer scale set at 200gF.

Figure 2: Illustrative drawing of the hermetic chamber used for cigarette smoke exposure. A) Nebulizer used to oxygen injection into the chamber.
B) Entrance of oxygen enabling cigarettes to remain lit. C) Clamps for keeping hermetic environment inside the camera. D) Samples positioned in
front of the cigarettes smoke. E) Cigarettes suction system.

Figure 3: Photographs illustrating colorimetric analysis. A) Previous device calibration. B) Equipment positioning on the dental surface. C) Device
holder enabling a standardized position during the analysis. D) Results displayed in spectrophotometer display.
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 Exposure to cigarette smoke
An airtight chamber, designed specifically for this

study purpose, was used to samples exposure to cigarette
smoke. The chamber was divided into two compartments:
one side where bovine teeth was positioned, and the opposite
side, containing ten holes where the cigarettes were inserted
with its filters facing the compartment in which the sample
was positioned. Cigarette suction process was performed
with a conventional suction cannula that was inserted into
one of the compartments. Oxygen was injected in order to
keep the cigarettes lit during the experiment. Five cigarette
boxes (Rothmans cigarette, Souza Cruz, Rio de Janeiro,
Brazil) were used in the study, as the samples went through
ten cycles of exposure to cigarette smoke, and therefore
comprising a total of 100 cigarettes (Figure 2).

Color Stability Analysis
The spectrophotometer Vita EasyShade Compactâ

(Bad Säckingen Germany) was used to determine the initial

Table 2: Descriptive statistics as mean and standard deviation for the parameters L*, a*, b* and its conversion to NBS units.

Groups
T0 T1 T1-T0 p-value  (T1-T0)

C1 89.01 ± 1.56a 88.32 ± 1.67c -0.69 ± 0.80 0.195
C2 88.28 ± 1.27a 86.56 ± 0.28b -1.72 ± 0.28* 0.001
B1 87.77 ± 2.26a 82.21 ± 1.21a  -5.55 ± 2.28* 0.000
B2 87.32 ± 1.66a 84.96 ± 2.15b -3.74 ± 2.85 0.892

T0 T1 T1-T0
C1 3.13 ± 0.51a 3.80 ± 0.68a 0.36 ± 0.23 0.977
C2 2.98 ± 0.26a 3.04 ± 0.33a 0.69 ± 0.82 0.248
B1 2.68 ± 0.94a 4.27 ± 0.88b 2.33 ± 0.77* 0.001
B2 2.86 ± 0.63a 3.49 ± 0.50a 0.93 ± 0.73 0.806

T0 T1 T1-T0
C1 35.11 ± 1.16a 35.29 ± 1.03a 0.17 ± 0.50 0.432
C2 34.12 ± 0.98a 36.28 ± 1.29b 1.82 ± 0.22* 0.000
B1 35.54 ± 0.89a 38.85 ± 1.23b 3.30 ± 1.37* 0.002
B2 35.19 ± 0.87a 36.83 ± 0.83b 1.13 ± 1.16 0.345

NBS
C1 0.99 ± 0.55a

C2 2.98 ± 1.23a

B1 6.49 ± 1.98b

B2 3.07 ± 2.31b

       a *

        b *

Note: Different letters indicate significant intergroup differences (ANOVA/Tukey) (a= 0.05). *Indicates significant differences between study timepoints
within each group (RM ANOVA) (a= 0.05). B1, Bonding protocol with primer adhesive exposed to cigarette smoke; B2, Bonding protocol without
primer adhesive exposed to cigarette smoke; C1, No bonding protocol without smoke exposure; C2, No bonding protocol with smoke exposure.

color and detect possible color changes between the study
timepoints. For this purpose, the spectrophotometer tip was
positioned perpendicular to the buccal surface of the teeth
(Figure 3). Color data were registered using the L* a* b* system,
which comprises variation in the three-dimensional color
axes: L* (luminosity), a* (red-green axis) and b* (yellow-blue
axis). Color changes (ÄE) after exposure to smoke were
calculated by the following equation: ÄE*ab=[(ÄL)2 + (Äa)2 +
(Äb)2]1/2 , where ÄL, Äa and Äb correspond to the differences
between L*, a* and b* values assessed before and after the
smoke exposure.

Clinical perception of color changes was calculated
using the National Bureau of Standards (NBS) by the equation,
NBS = ÄE* x 0.92, in which critical observations of color
differences were expressed in NBS units. The higher the NBS,
the greater was the clinical perception of color change.

Statistical Analysis
Statistical analysis was performed with the SPSS

software (version 22, SPSS Inc, Chicago, IL, USA).  Normality

L *
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of the sample was verified with the Shapiro-Wilk test.
Intergroup comparisons and effect of time were performed
with one-way ANOVA/Tukey and RM ANOVA tests. The level
of significance of 5% was adopted for all analyses.

RESULTS
Color stability results are presented in Table 2. In T0

there was no statistical difference between the groups.
Significant color changes were observed in B1 (bonding
protocol with primer adhesive) parameters: L* (T1-T0: -5.55
± 2.28), a* (T1-T0: 2.33 ± 0.77) and b*(T1-T0: 3.30 ± 1.37) (P =
0.000), whereas no significant color changes were noticed
in B2 samples (bonding protocol without primer adhesive)
(T1-T0: L*: -3.74 ± 2.85; a*: 0.93 ± 0.73; b*: 1.13 ± 1.16) (P>0.05).
Regarding control groups, no statistically significant color
changes were observed in C1 (T1-T0: L*: -0.69 ± 0.80; a*: 0.36
± 0.23; b *: 0.17 ± 0.50), which was stored in artificial saliva.
However, C2, that did not undergo orthodontic bonding
protocol but was exposed to cigarette smoke had a
statistically significant color change in parameters L * and
b * (T1-T0: L *: -1.72 ± 0.28; b *: 1.82 ± 0.22) (P = 0.001 and
0.000, respectively).

Both B1 and B2 presented higher NBS values compared
to C1 and C2 (B1: 6.49 ± 1.98; B2: 3.07 ± 2.31; C1: 0, 99 ± 0.55; C2:
2.98 ± 1.23) (P<0.05).

DISCUSSION
In this perspective, enamel and restorations staining

resulting from smoking is the most immediate perceived
clinical manifestation in smokers.14 Once adolescents and
young adults represent a large part of patients undergoing
orthodontic treatment, this study is important because it is
related to smile aesthetics.

Since color perception is subjective it requires
quantitative parameters to be measured. Such parameters
can be provided by spectrophotometry. Vita Easyshade
Compact spectrophotometer is widely used for color evaluation
of some materials, including aesthetic orthodontic wires.15-17

The literature agrees that resin residues can change
tooth color through internal and external reactions, and that
external discoloration may be associated to food-derived
pigments absorption.18,19 Furthermore, in addition to food,
other pigments may be responsible for teeth extrinsic
staining, such as cigarette smoke.20 Probably the complex
composition of cigarette smoke, comprising thousands of
substances such as nicotine, carbon monoxide, tar, among
others,21 when in contact and subsequently deposited in the
composite resin surface, would be responsible for the color
and luminosity change. The greatest color and brightness

change in B1 could be attributed to the application of a primer
adhesive during orthodontic brackets bonding protocol.

A study by Omar et al.12, showed that cigarette
consumption may influence the orthodontic brackets shear
bond strength, and this is probably associated with the
contact of the smoke with the bonding material exposed to
the oral cavity. This shows that the cigarette can modify
these bonding materials, and the present study shows that
after debonding procedures, the residual material can also
be modified, changing the color stability.

According to Manuja21, the bonding interface between
tooth and restoration remains the most susceptible area
when exposed to the oral environment. This interface, known
as the hybrid area, consists of a network of adhesive
microleakages, which after polymerization become rigid,
providing the micromechanical retention of the restoration.
The difference of results between B1 and B2 seems to be related
to the addition of the primer adhesive layer in bracket
bonding protocol, since after light curing, the adhesive tags
becomes rigid and difficult to be completely removed even
after orthodontic debonding. Also, the porous surface
inherent to resinous materials, might contributed to
increased staining in B1 than in B2. Therefore, it may be
suggested not to use the primer in smoker patients, since the
contraindication for all patients may not be the best choice
since the primer is associated with the success of the adhesive
system, depending on the commercial brand.

Samples from control group exposed to cigarette
smoke (C2) also showed color changes, indicating that despite
dental enamel is the most mineralized and, therefore, the
hardest tissue in the human body, it has a certain degree of
permeability.22

Evidences provided by this study are relevant for
clinical practice, once it contributes to patients awareness of
the influence of cigarette smoke on teeth staining during
and after orthodontic treatment. Therefore, this information
also contributes to cigarette use reduction, due to its aesthetic
appeal, which is highly regarded by patients undergoing
orthodontic treatment. Due to inherent limitations of in vitro
studies, future studies using clinical controlled design are
encouraged to confirm present study results.

CONCLUSION
Enamel color stability was affected by exposure to

cigarette smoke after orthodontic debonding, especially
when bonding protocol comprised the application of primer
adhesive.
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RESUMO
Introdução: A síndrome de Smith-Magenis (SMS) é uma doença genética
caracterizada por uma deficiência neuro-comportamental causada por mutações
ou deleções no locus 17p11.2 compreendendo o gene 1 induzido por ácido retinóico
(RAI1). O diagnóstico é feito por meio de análises clínicas em busca de
características e para comprovar essa suspeita, é necessária a técnica denominada
Hibridização In Situ por Fluorescência (FISH). Objetivo: O objetivo deste relato de
caso é o primeiro a descrever o planejamento e execução do tratamento
odontológico para uma paciente do sexo feminino de 5 anos de idade com SMS
sob anestesia geral. Relato do caso: O paciente deu entrada no ambulatório da
Universidade Federal Fluminense, com possível dor dentária, na anamnese
observou-se a necessidade de tratamento invasivo em diversos elementos dentais
e devido ao padrão de comportamento do paciente optou-se pelo tratamento
sob anestesia geral. Resultados: Os procedimentos foram realizados (restaurações
e extrações) no hospital na mesma etapa. O acompanhamento da criança após
a intervenção foi a cada seis meses. Conclusão: A SMS é uma síndrome rara que
requer amplo conhecimento do dentista e uma anamnese detalhada para a
escolha da melhor opção para a solução do caso.

Keywords: Autism Spectrum Disorder.
Dental Caries. Genetic. Smith-Magenis
Syndrome.

ABSTRACT
Introduction: Smith-Magenis Syndrome (SMS) is a genetic disease characterized
by a neuro-behavioral deficiency caused by mutations or deletions at the 17p11.2
locus comprising the retinoic acid-induced 1 (RAI1) gene. The diagnosis is made
through clinical analysis looking for characteristics and to prove this suspicion, a
technique called Fluorescence In Situ Hybridization (FISH) is required. Objective:
The aim of this case report is to be the first to describe the planning and execution
of dental treatment for a 5yearold female patient with SMS under general
anesthesia. Case report: The patient was admitted to the clinic of the Universidade
Federal Fluminense, with possible dental pain, in the anamnesis the need for
invasive treatment was observed in many dental elements and due to the patient’s
behavioral pattern, treatment under general anesthesia was chosen. Results:
Procedures were performed (restorations and extractions) in the hospital in the
same step. The child follow-up after the intervention every six month. Conclusion:
SMS is a rare syndrome that requires extensive knowledge of the dentist and a
detailed anamnesis to choose the best option to solve the case.



Revista Científica do CRO-RJ (Rio de Janeiro Dental Journal) v.5, n.2, May - August, 2020 57

Dental management in Smith-magenis syndrome
Farias et al.

INTRODUCTION
The Smith-Magenis Syndrome (SMS) was first

portrayed in the early 1980s.1,2 It is considered a sporadic
syndrome, showing a prevalence of approximately 1: 25,000
live births.1,2 However, it is believed that this number is
underestimated, many cases are not related due to lack of
clinical knowledge for diagnosis.3-7 The features of the
syndrome begin to emerge from the 18th to the 36th month
of life. Between the 2nd and 3rd year, behaviors typical of
Autistic Spectrum Disorder (ASD) begin to emerge. Individuals
with SMS usually have restricted interests, tendency to
isolation and repetitive activities, characteristics that are
similar to those of ASD. Although SMS is a differential
diagnosis, the measures that are relevant for a child with
ASD also benefit children with SMS.5,8

SMS is a neurological development disorder
characterized by a well-defined pattern of abnormalities,
including a distinct craniofacial dysmorphic model,
abnormalities in the circadian rhythm of sleep-surveillance
and cognitive impairment with behaviors and psychiatric
disorders.9 Craniofacial manifestations include
brachycephaly; wide square face; synophrys; exaggerated
eyelid lesions; low nasal bridge with a wide nasal base; everted
upper lip and mandibular prognathism.5 Some behavioral
manifestations, such as self-injurious and angry outbursts,
are common. In addition, most syndromes have mental
retardation, ranging from mild to moderate.9 Individuals
with SMS demonstrate severe communication delays, which
interfere with social interaction and learning.10-13

Craniofacial dysmorphisms can be observed, as well
as an enlarged and prominent forehead, hypoplasia of the
midline of the face, a prominent upper lip with the appearance
of an arch and prognathism. In the oral cavity, some oral
deficiencies are reported, such as lingual weakness, weak
bilabial seal and abnormal palate. Although cleft lip and palate
occur, they are less frequent in these individuals. 5,10

Dental anomalies are usually found and can help in
the diagnosis of SMS. Agenesis of one or more teeth, mainly
of the lower second premolars, taurodontism and lacerations
are the most frequently related. In intraoral examination, it
is also possible to observe macroglossia and some oral
habits.10 Patients diagnosed with SMS with advancing age,
commonly present tooth decay with the need for restoration
procedures and gingivitis. This can be explained by the
behavioral profile and the particularities of the SMS, which
makes preventive care challenging. 10, 14,15

Depending on the physical, emotional and behavioral
characteristics of the patients, outpatient dental care
becomes unviable. In this situation, alternative methods are

necessary, such as conscious sedation and general
anesthesia, which is the option chosen in the present case. 16

This case report is the first to describe the planning and
execution of dental treatment in a female patient which is a
5yearold child with SMS under general anesthesia.

CASE REPORT
Female patient, M.L.O.G., 5 years old, leukoderma, was

taken to the patient with deficiency clinic of the Faculty of
Dentistry of Universidade Federal Fluminense by the mother
for the first dental treatment, with the main complaint that
the daughter was possibly in pain and with large carious
lesions, since she is not a verbal patient.

In the anamnesis, the mother reported that the daughter
was diagnosed with Smith-Magenis Syndrome, Autism
Spectrum Disorder and mental retardation.  In Figure 1 the
syndrome physical characteristics is observed frontal bossing,
nasal and malar bone depression, and increased size of the
bony chin. It was also reported that the patient is accompanied
by a neurologist, psychologist, physiotherapist and speech
therapist and regularly used medications such as Melatonin,
Risperidone and Topiramate. During the interview, the mother
commented that the daughter’s diet included a bottle with
sugary milk, twice a day. The mother also reported the difficulty
of performing her daughter’s oral hygiene.

At the clinical examination, it was observed that the
child had a difficult behavior and was quite agitated for a
thorough oral examination. However, it was possible to
observe that the following dental elements had extensive
caries lesions: 55, 54, 52, 51, 61, 62, 63, 64, 65, 75, 74, 84 and 85,
and this can be observed in the panoramic radiography
(Figure 2). For the panoramic radiography, the patient was
medicated and cooperated. In view of the mother’s
complaint and the impossibility of treatment in the dental
chair, the patient was scheduled to receive complete oral
rehabilitation under general anesthesia. All preoperative
exams were requested and thoroughly examined by the dental
medical team, with special attention to the heart and renal
disorders.

Extra and intra-oral hygiene was performed with
0.12% chlorhexidine and an pharyngeal pack was introduced.
It was placed a lip retractor to better visualization. It was
performed nasotracheal intubation and while the patient
was sedated (Figure 3), dental prophylaxis was also
performed with a low-speed handpiece and dental polishing
brush. Subsequently, a restoration was carried out with
composite resin A2 of the Z300 brand (A1 and B2 color, Resina
Filtek Universal - 3M, São Paulo, Brazil) in the following
elements: 55, 64, 65, 74, 84 and 85, with finishing and final
polishing in the restorations. Due to severe caries and the
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presence of an odontogenic abscess, seven teeth were
extracted after administration of 3 tubes of 2% lidocaine with
epinephrine 1: 100,000: 51, 52, 61, 62, 63, 54 and 75, with local
suture Vicryl colorless (Ethicon, Johnson & Johnson, São
Paulo, Brazil) thread (Figure 4). In the end, the pharyngeal
pack was removed, the patient was extubated and sent to the
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room. The patient was discharged from the hospital on the
same day. All guidance regarding the reduction of the
cariogenic diet was given and oral hygiene instructions were
given. The patient is followed up every six months. The patient
has already attended two return visits. With integral
restorations. Without presenting new caries lesions.

Figure 1: Facial and body (arms) characterization corresponding to SMS.

Figure 2: Dental anomalies observed in SMS. Taurodont pulps are
present in upper and lower first permanent molars.

Figure 3: Intubated patient. Intraoral preoperative photograph of the
maxillary and mandibular arch showing tooth destruction, mainly
upper lip.

Figure 4: Intraoral postoperative photograph of the maxillary arch and
teeth extracted. Observe the dental destruction of the elements.

DISCUSSION
Smith-Magenis syndrome was first recorded by Smith

et al. in 1982, and in 19861, it was further developed by Smith
et al.1 and Stratton et al.2 Thus, it was characterized as a
genetic disease that has the cognitive deficit caused by the
deletion of the chromosomal region 17p11.2 or mutations of
the RAI1 gene point. 1,2,7,17 However, there is little literature on
the disease and reports of medical cases.18 Reports of dental
treatment and management of patients with SMS were not
found in the literature.

This is the first work that reports the management
and dental treatment of a child with SMS under general
anesthesia. Report on the oral condition and its characteristics
have little information and only one article was found.10 The
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consistent nding of anterior mandibular tooth
position, frontal bossing, nasal and malar bone depression,
and increased size of the bony chin was observed in this case
( Figure 1 and 2), as well as Tomona and collaborators.10

Another difficulty encountered was that the patient in this
report was very young, with great difficulty in cooperating
for outpatient care and in great need of dental treatment.

In the anamnesis, the mother reported that the patient
was diagnosed as having the SMS and that she is monitored
by a multidisciplinary team, using various medications. The
diagnosis presented and the interaction with other
professionals (doctors, nurses, speech therapists) brought
an understanding of the clinical condition of this patient,
making it possible to understand that due to the number of
procedures to be performed, treatment in multiple sessions
would not be indicated.10,19

Given the impossibility of effective behavior control
within the dental clinic and the need for several applications
and a large amount of dental procedures to be performed,
with a lot of restorations and tooth extractions, the most
accessible alternative was treatment using general
anesthesia, thus performing all procedures in a safe and
single session.

Dental treatment under general anesthesia should be
done only when other methods of behavioral management
are unsatisfactory, correctly adopting the previous measures
and knowing the limitations of the technique.20-22 Usually, it
is indicated for patient with deficiency who have physical
and mental restrictions, that is, unable to collaborate in cases
of major interventions, making service in the office difficult.23-

26 For this, all necessary procedures were performed, such
as: preoperative exams, surgical risk, scheduling of the
surgical center at the hospital and request of an
anesthesiologist for the application of general anesthesia.22

Currently known behavioral managements allow
children and patients with deficiency to be facilitated, and a
large portion of these patients can be seen on an outpatient
basis using the different forms of non-pharmacological and
pharmacological behavioral approach.25-27 However, in
extreme cases, the use of general anesthesia in the operating
room becomes the most viable option for carrying out
therapeutic strategies that favor the development of these
individuals.22 Education about oral hygiene should be
intensive and should be given to the child and caregivers, as
the child has involuntary movements and lacks the motor
coordination necessary to brush properly independently.
Special emphasis should be placed on the brushing
technique; parental cooperation is extremely valuable in
motivating and rewarding the child to brush properly.
Constant and frequent compliments, when appropriate, is
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helpful. If parents are not motivated to become conscientious
and compliant, and they do not maintain good home care, it
is very difficult to keep the child free of caries, despite frequent
dental consultations.

Future studies with groups of patients with SMS should
be encouraged so that it is possible to know more deeply the
oral characteristics and the management of these patients
in view of the need for dental treatment. In addition, the
multidisciplinary approach is important in order to allow
patients to lead a better quality of life.

CONCLUSION
Smith-Magenis Syndrome stands out for being a rare

syndrome and patients usually have difficult control during
dental treatment. Thus, the need for a detailed treatment
plan for choosing the most appropriate procedure is
emphasized, aiming at a faster and more efficient
intervention, preferably done in a single session.
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RESUMO
Introdução: O cisto dentígero é uma lesão odontogênica ao redor da coroa de
um dente não irrompido ou impactado na mandíbula. Objetivo: O objetivo deste
relato de caso é descrever o plano do tratamento e o acompanhamento de um
cisto dentígero associado à impactação do canino permanente inferior direito
em uma criança do gênero feminino de 11 anos de idade. Relato do caso: A
avaliação radiográfica revelou lesão unilocular radiolúcida de forma
arredondada, localizada na sínfise mandibular. A enucleação foi realizada e o
dente afetado foi removido sob anestesia geral. A paciente encontra-se em
acompanhamento devido o tratamento ortodôntico. A área afetada curou sem
complicações. Conclusão: Dois anos e meio após a enucleação, o cisto
desapareceu totalmente e não houve recidivas. Remodelação óssea e neoformação
foram observadas.

Keywords: Dentigerous Cyst. Tooth
Impacted. Mandible.

ABSTRACT
Introduction: Dentigerous cyst is an odontogenic cyst lesion surrounding the
crown of an unerupted or impacted tooth in the jaw. Objective: The aim of this
case report is to describe the treatment planning and follow-up of a dentigerous
cyst associated with the impaction of the permanent mandibular right canine
tooth in an 11-year-old female. Case report: Radiographic assessment revealed a
radiolucent unilocular round-shaped lesion localized in the mandibular symphysis.
Enucleation was performed and the affected tooth was removed under general
anesthesia. The patient is under follow-up due to orthodontic treatment. The
affected area healed without complications. Conclusion: Two and a half years
after the enucleation, the cyst had totally disappeared, and no recurrences were
observed. Bone remodeling and neoformation were noticed.

INTRODUCTION
Dentigerous cyst is an

odontogenic cyst lesion surrounding
the crown of an unerupted or impacted
tooth in the jaw. It is commonly
asymptomatic and may appear as a
painless swelling of the affected region
and because of its specific feature it
may be detected in routine radiograph
examinations. Usually, it is a unilocular
and radiolucent area associated with a
well-defined sclerotic border.1

The prevalence of dentigerous

cyst shows that the male to female ratio
ranges from 1.8:1 to 3:2.1,2 In large
sample studies, permanent mandibular
canine is not the most commonly
affected. The most frequent is third
molar, followed by supernumerary
teeth, second premolar and first molar
/ first premolar.3 Other study indicates
third molar as the most prevalent
followed by supernumerary teeth.4 An
unerupted permanent tooth that has
been affected may erupt or not in the
oral cavity. Orthodontic correction can
be employed for this purpose. Thus, the

Case Report
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aim of this report is to describe a case of a dentigerous cyst
associated with the impaction of the permanent mandibular
right canine tooth in an 11-year-old female child. This report
was carried out according to the CARE Statement.5

CASE REPORT
An 11-year-old female child and her guardian came

to the Department of Pediatric Dentistry and Orthodontics
of Universidade Federal do Rio de Janeiro seeking for dental
treatment. A term of free and informed consent signed by
the participant and/or her legal guardian was obtained.
According to the anamnesis, she was born by Caesarean
section at 38 weeks with normal weight; she is not allergic to
any drug and has never been hospitalized. Past medical
history evidenced no illnesses. The subject was not taking
any medication at her initial appointment.

Clinical examination showed primary mandibular right
canine tooth had a temporary filling in the cervical third. Oral
hygiene was satisfactory. No changes in gingival color or
purulent discharge were noticed in the region related to
primary mandibular right canine tooth. The permanent
mandibular right canine had not erupted while its homologous
tooth had already been satisfactorily erupted in oral cavity.
The occlusal (Figure 1A) and periapical (Figure 1B) radiographs
and the multi-slice images from the computed tomography
(Figure 1C and Figure 1D) scan examination showed the
presence of impacted tooth (permanent mandibular canine)
with an oblique arrangement in the right mandibular
symphysis, inferior to the roots of the incisors and the lower
right primary canine. A radiolucent round-shaped lesion was
observed involving the crown of the impacted tooth measuring
about 16 x 11 mm. The presumptive diagnosis was a
dentigerous cyst at the time.

Tooth impaction and dentigerous cyst
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Figure 1: A) Occlusal radiograph. B) Periapical radiograph. C)
Computed tomography sagittal scan showing a large hypodense lesion
with intact lingual and buccal cortices. D) Computed tomography
coronal scan.

Figure 2: A) H&E stained slide scan showing histological feature of the
mandibular dentigerous cyst presenting non-keratinized squamous
epithelium with cholesterol clefts (x10 magnification). B) Blood vessels
(x40 magnification).

Figure 3: A) and B) Two and a half years follow-up. A post-treatment
periapical radiograph showing complete bone formation.

The treatment plan consisted of extraction of primary
mandibular right canine and permanent mandibular right
canine, surgical removal of the lesion under general
anesthesia, and oral hygiene instructions. This approach was
conducted by the age of 11.33 years old. The patient was
referred to orthodontics service. The histopathological results
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confirmed the initial diagnosis of a dentigerous cyst.
Microscopic findings showed cystic lesion with non-keratinised
stratified squamous epithelium and a connective tissue with
cholesterol clefts (Figure 2A) and blood vessels (Figure 2B).

Follow-up radiographs were taken by the age of 13.83
years old and the affected area healed without complications,
complete bone formation was observed and there were no
recurrences during this 2.5-year follow-up (Figure 3A and
Figure 3B). A suggestive image of pulp calcium
metamorphosis related to the permanent mandibular right
lateral incisor was observed as well as an increase in its
periodontal ligament space.

DISCUSSION
Maxillary canine impaction is a relatively common

dental problem observed in dental practice. Regarding lower
teeth the occurrence of mandibular canine impaction ranges
from 0.92 to 5.1%.  The etiology of this condition is not
solidified in pertinent literature but cysts and others
pathological disorders may interact in this context.6

According to gender predilection regarding tooth impaction,
females are more affected than males with percentage
frequencies ranging from 50.76 to 64.28%.7-9 As reported
herein the current study describes the case of a monolateral
canine impaction in an 11-year-old female patient.

Regarding the radiographic analysis, additional
exposure due to repeated evaluations should be avoided
according to the European Academy of Paediatric Dentistry
policy document.10 The imaging characterization was possible
because the patient is a cooperative child and was able to
collaborate during the x-ray exposure. Cone-beam computed
tomography was employed because cross-sectional slices were
required for the current treatment planning.10

The treatment of young patients with large
dentigerous cysts may vary according to morbidity;
maintenance or not of affected permanent tooth and age of
the patient.11 Cyst enucleation and marsupialization are
surgical options for dentigerous cyst treatment. The
treatment employed in our case consisted of cyst enucleation
and extraction of the impacted canine. This treatment plan
is indicated for a single impaction such as in the current case
as well as the cyst size not being so extensive. For an extensive
cyst it is contraindicated because it would lead to the loss of
some teeth. Cyst decompression is adequate conservative
treatment for children because they regenerate bone faster
than do adults.12 This approach was not conducted due to
location of the lesion and the impossibility of orthodontic
realignment of the canine. Additionally, tooth associated with
a dentigerous cyst can be maintained if it may erupt
spontaneously or with the aid of orthodontics techniques.

Marsupialization surgical treatment may be employed in
such cases and a successful outcome is expected.13

Regarding the histopathological assessment, the
current case describes a cystic lesion with non-keratinised
stratified squamous epithelium and a connective tissue with
cholesterol clefts and blood vessels. These features are in
accordance with pertinent literature. Stratified squamous
lining epithelium and cholesterol clefts were frequently
observed3,14,15 as well as blood vessels.16 The differential
diagnoses include glandular odontogenic cyst; odontogenic
keratocyst; unicystic ameloblastoma1 and may be associated
with adenomatoid odontogenic tumour.17

Previous literature has already assessed a 2-year
follow-up period to observe lesion regression in children and
adolescents.(16) The prevalence of recurrence is 13.43% (9/
67) and the prevalence of neoplastic change is 1.49% (1/
67).18 Two and a half years after the enucleation, the cyst
had totally disappeared and no recurrences were observed.
Bone remodeling and neoformation were noticed.  During
follow-up the patient presented pulp obliteration of the
permanent mandibular right lateral incisor, this calcification
is caused by the deposition of diffuse hard tissue in the
coronary pulp and may extend to the root canal space.
Orthodontic treatment is considered one of the main
etiological factors, however the exact mechanism of action
is still unknown. Endodontic intervention is not necessary, as
the tooth is asymptomatic and has no clinical or
radiographic signs of caries or periapical disease.19-22

The current case reinforces the importance of the
histopathological examination of all excised lesions from
the jaws and vigilant follow-up appointments in order to
observe any complication or recurrence after the surgical
treatment. It should be emphasized that although
dentigerous cyst is a common and benign lesion, careful
anamneses, accurate diagnosis and good interpretation of
clinical and radiographic findings is recommended.
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RESUMO
Introdução: Estudos feitos em gêmeos são importantes porque fatores ambientais
e genéticos parecem estar relacionados às alterações fenotípicas. Objetivo: Este
artigo apresenta um caso raro de gêmeos monozigóticos apresentando imagem
em espelho de retenção prolongada de incisivos centrais decíduos superiores
homólogos. Relato do caso: Os irmãos gêmeos, com 9 anos de idade, não
apresentavam história de trauma orofacial ou doença comum da infância. Após
exames clínicos e radiográficos foram identificados a retenção do dente 51 no
gêmeo 1 e do dente 61 no gêmeo 2. Em ambos os pacientes, os dentes 11 e o 21
estavam em erupção. O tratamento proposto foi a exodontia dos dentes decíduos
com anestesia local e acompanhamento. Conclusão: Gêmeos podem apresentar
semelhança no padrão de anomalias dentárias devido à influência de fatores
genéticos. Adicionalmente, em gêmeos monozigóticos, a localização das
anomalias diagnosticadas pode se apresentar invertidas ou imagem em espelho.
Esse fato deve estimular o profissional a examinar o par de gêmeos para
diagnosticar qualquer anomalia dentária que possa estar presente. O diagnóstico
precoce e tratamento adequados devem ser realizados para evitar danos
funcionais e estéticos em pacientes com retenções dentárias.

Keywords: Case Reports. Dental Care
for Children. Tooth. Deciduous. Twins.

ABSTRACT
Introduction: Studies of twins are important because environmental and genetic
factors seem to be related to the phenotypic alterations. Objective: This paper
presents a unique case of monozygotic twins with mirror image of a retained
primary central incisor. Case report: Twin male brothers, 9-years-old, presented
prolonged retention of the primary central upper incisor. The over-retained teeth
in one twin were a mirror image of those in the other twin. The first twin presented
a prolonged retention of the tooth 51 whereas the other twin presented a prolonged
retention of tooth 61. After radiographic exams the over-retained teeth were
extracted. Conclusion: Twins may show similarity in pattern of dental anomalies
supporting the influence of genetic factors. In identical twins the location of
diagnosed anomalies can be mirror imaged. This fact should lead the professional
to examine the pair of twins in order to diagnose any dental anomaly that may be
present.

INTRODUCTION
Mirror-image is a phenomenon

in which a given characteristic is
expressed in reverse sides when
monozygotic siblings are compared to
each other.1 Even though there is a
relatively strong genetic basis to missing
or extra teeth, the number or position
of affected teeth can be influenced by

epigenetic factors. The mechanism of
mirror imaging is unwell understood.2

Different forms of division may occur
in the monozygotic embryo. The first
one occurs in an early developmental
phase resulting from two zygotic cells.
The second one, is the result from
zygotic splitting during early
blastocystic stage. One explanation for
mirror-image is the division in a later
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embryonary stage.3 Different forms of mirror-image
anomalies in monozygotic twins were found in medical reports
such as radial longitudinal hypoplasia and bifid spine,1

myopia,3 optic nerve hypoplasia1, bone cysts,5,6  arachnoid
cysts2 and carcinomas.4 With respect to the mirror-image oral

Tooth retention of mirror image twins
Paula et al.

manifestations few different anomalies have been reported in
the available literature (Table 1), but no case was found
showing mirror image of over-retention of primary teeth. This
paper presents a unique case of monozygotic twins aged 9
years, with mirror image retained primary central incisors.

                    Author (year)               Dental findings
Nik-Hussein and Salcedo, 1987(8) Double teeth with hypodontia
Carton and Rees, 1987(9) Conical supranumerary tooth
Beere, 1990(10) Supranumerary tooth
Lauweryns et al, 1992(11) Mesio lingual rotation tooth
Sperber et al, 1994(12) Fused tooth
West, 1995(13) Disto bucal rotation of the tooth / Deciduous tooth shed
Casseta et al, 2015(14) Impacted teeth / Supernumerary teeth

Table 1: Mirror imaging dental findings in non-syndromic twins.

CASE REPORT
The twin male patients, 9 years old, arrived for routine

appointment at the Pediatric Dentistry Clinic of a Public School
of Dentistry in Rio de Janeiro, Brazil, with chief complaint of
non-exfoliation of primary teeth in both children. Their
prenatal and natal histories were uneventful. No history of
orofacial trauma or unusual childhood diseases was
determined. The twins had identical features and their height
and weight were within normal limits.

However, clinical examination showed that one of the
twin (twin 1) presented a prolonged retention of the tooth 51,
teeth 11 and 21 were erupting being that tooth 11 in a different
position than its homolog (Figure 1). Regarding the twin 2, it
was observed a prolonged retention of tooth 61 and presence
of teeth 11 and 21 as well (Figure 2). In twin 1, both tooth 11
and 21 erupted in the correct position in the arch, unlike twin
2, where only tooth 21 erupted in the normal position. Dental
caries and other oral pathologies were not observed in both
brothers.

Periapical and panoramic radiographs confirmed the
prolonged retention of deciduous teeth in both twins. The
retention of deciduous contralateral teeth in these twins was
diagnosed as a mirroring image phenomenon. No other
alterations were observed in the radiographic exams.

The treatment plan included extraction of the retained
teeth under local anesthesia (Figures 3 and 4). The procedure
was performed following the mother’s consent. Both patients
were undergoing dental exchange and the incisors had an
open apex, which did not recommend orthodontic movement
at that time. Therefore, it was decided to refer patients for
orthodontic evaluation.

Figure 1: A) Frontal view of the patient’s face - twin 01 B) Photography
of frontal view of tooth 51. C) Periapical radiography of teeth 11, 21 and
51. D) Photography of oclusal view of teeth 51.

Figure 2: A) Frontal view of the patient’s face - twin 02. B) Frontal view
of tooth 61. C) Periapical radiography of teeth 11, 21 and 61. D) Oclusal
view of teeth 61.
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Figure 3: A) Photograpy of  oclusal view of twin 1 after extraction of the teeth 51. B) Photograpy of the tooth 51 removed exhibiting physiological
root resorption.

Figure 4: A) Photograpy of cclusal view of twin 2 after extraction of the tooth 61. B) Photograpy of the tooth 61 removed exhibiting physiological
root resorption.

DISCUSSION
The interesting aspect of the present case was the

mirror image of the anomaly. In this pair of twins, the dental
anomalies were identical but on contralateral sides. Mirror
imaging has been demonstrated in the dental findings
pertaining to normal twins, as well as those with facial
dysmorphlogies such as cleft and/or palate.11 Although, the
supposition that monozygotic twins will always exhibit
pathologies at homologue sides may not be entirely true,
and for this reason the practitioner should pay attention to
genetic and environmental factors8,11,15,16 In addition, two or
more concomitant developmental alterations are likely to
be identified in monozygotic twins. Therefore, we ordered
panoramic radiographs of each twin despite the normal
clinical and developmental conditions, in order to diagnose
any other anomaly that would be present.

The literature shows the prolonged retention of
primary teeth in non-twin associated with trauma or
endodontic treatment.8,17,18 The percentage of prolonged
retention of primary teeth with displacement of the
permanent series is 4.2%.19 Other dental situations associated
with the mirror-image twins found were double teeth with
hypodontia,8 conical supernumerary tooth,9 supernumerary
tooth,10 rotating mesio lingual tooth11 molten tooth.
However, prolonged retention of primary teeth in mirror-
twins has not been reported, making this report relevant.

In the present case, it was not possible to identify the
exact cause of prolonged retention of deciduous teeth as no

history of dental trauma8,17 was reported during anamnesis.
As few studies regarding mirror imaging in the oral cavity of
monozygotic twins, this case can be considered an unusual
condition in dentistry. There is no evidence in the literature
that one side of one twin was more concordant with the
opposite side of the co-twin.12 It is possible that monozygotic
twin pairs have exactly the same genotype, and that any
phenotypic differences8 between them must be caused by
prenatal or postnatal environmental influences.12 On the
other hand, the present case suggests that when one twin
presents an alteration of any kind, the other may also present
the same alteration in a mirrored way, generating the need
for more accurate exams. Panoramic radiographs were
requested but no other alterations were observed.

Lingual development and eruption of the mandibular
permanent incisors and the concomitant retention of
mandibular primary teeth before 8 years old is considered
physiological.11 However, cases of prolonged retention of
upper central incisors are seldom reported, since permanent
teeth follow their precedent deciduous teeth through the
roots.8,9,12 These cases are considered relevant because the
eruption of permanent teeth can be affected by such a delay
in exfoliation. Despite the lack of tooth alignment, both patient
and mother agreed on having the orthodontic correction
postponed.

One limitation of the present case report could be a
widely described fact, the memory bias, especially related to
minor orofacial traumas that children can suffer at young
age, causing a negative answer during anamnesis. In addition,
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this case seems to be the first report of twins with
prolonged retention of primary teeth, which could hinder
other associations between cause and effect found in the
literature. Thus, it can be concluded that in identical twins
the location of diagnosed anomalies can be mirror imaged.
This fact should lead the professional to examine the pair of
twins in order to diagnose any dental anomaly that may be
present. Acute diagnosis and proper treatment at the
appropriate time should be instituted to avoid functional,
esthetic, and also psychological consequences in patients
with over-retained teeth.
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RESUMO
Introdução: A descrição da comunidade bacteriana antes e após o preparo
químico-mecânico (PQM) com remoção da smear layer (SL) em dentes decíduos
pulpectomizados tem sido pouco relatada. Objetivo: Esses relatos de casos
descrevem a presença de microrganismos totais e Enterococcus faecalis em canais
radiculares de incisivos decíduos antes e após PQM com remoção de SL. Relatos
dos Casos: Amostras microbiológicas foram coletadas do canal radicular de três
crianças (3,66 ± 0,58 anos) com necrose (n = 2) e inflamação pulpar irreversível (n
= 1) em incisivos decíduos superiores. Após o isolamento dos dentes com dique de
borracha e antissepsia do campo operatório, as coletas das amostras foram
realizadas com cones de papel absorvente estéril antes e após o PQM, que incluiu
irrigação com hipoclorito de sódio 2,5% seguido de ácido cítrico 6% para retirada
do SL. As amostras coletadas foram analisadas imediatamente ao final dos
procedimentos clínicos. As placas foram incubadas em anaerobiose durante 48
horas a 37°C. Os resultados foram expressos em unidades formadoras de colônias
(UFC)/mL. Resultados: Dois dos três dentes apresentaram microrganismos totais
antes do PQM. Um incisivo não apresentava microrganismos na coleta inicial.
Nenhuma UFC foi contada nas amostras coletadas após o PQM. Além disso, o E.
faecalis não foi observado nenhum momento, nem antes, nem depois do PQM.
Conclusão: Não foi detectado E. faecalis em nenhuma amostra, porém dois dos
três canais radiculares apresentavam microrganismos antes do PQM. Nos casos
em que foram encontrados microrganismos inicialmente, observou-se 100% de
eliminação após o protocolo aplicado.

Keywords: Pulpectomy. Primary Teeth.
Microbiota. Smear Layer. Case Reports.

ABSTRACT
Introduction: Description of the bacterial community before and after
chemomechanical preparation (CP) with the removal of a smear layer (SL) in
pulpectomized primary teeth has been little reported. Objective: These case
reports describe the presence of total microorganisms and Enterococcus faecalis
in root canals of primary incisors before and after CP with SL removal. Case
Reports: Microbiological samples were collected from the root canals of three
children (3.66±0.58 years old) with necrosis (n=2) and irreversible pulpal
inflammation (n=1) in maxillary primary incisors. After teeth isolation with a rubber
dam and antisepsis of the operative field, the sample collections were performed
with sterile absorbent paper cones before and after the CP, which included irrigation
with 2.5% sodium hypochlorite followed by 6% citric acid to remove the SL. The
collected samples were analysed immediately at the end of the clinical procedures.
The plates were incubated anaerobically for 48 hours at 37°C. The results were
expressed as colony forming units (CFU)/mL. Results: Two of the three teeth
showed total microorganisms before the CP. One incisor had no microorganisms
in the initial collection. No CFU was counted in the samples collected after CP.
Moreover, E. faecalis was not observed any time, either before or after the CP.
Conclusions: E. faecalis was not detected in any sample, yet two of the three root
canals had microorganisms before CP. In cases where microorganisms were
initially found, 100% elimination was observed after the applied protocol.

Case  Report
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INTRODUCTION
Several irrigating solutions have been indicated to

disinfection of root canal of primary teeth, with an emphasis
on sodium hypochlorite (NaOCl) at different
concentrations.1,2 However, although NaOCl has good
disinfection properties, it is ineffective in removing the smear
layer (SL).3 When the SL is not removed, it may have a
detrimental effect on the outcome of pulpectomies.4,5

Moreover, NaOCl has low ability to eliminate Enterococcus
faecalis.6 A sequence of NaOCl and citric acid has been
recommended in this regard, since citric acid has appropriate
effect on SL removal.4,6,7

Studies that have examined the bacterial community
of infected root canals of primary teeth before and after
chemomechanical preparation (CP) are scarce in the
literature.8-10 These studies show a reduction in
microorganisms, however, unlike the present study, they did
not associate the performance of pulpectomy with the
presence of microorganisms before and after CP, especially
after long-term monitoring. Therefore, the analysis of this
long-term correlation becomes relevant.

Thus, the aim was to describe the presence of total
microorganisms and Enterococcus faecalis in primary root
canals before and after use a chemomechanical protocol
for SL removal. In addition, perform long-term follow-up of
these pulpectomies.

CASE REPORTS
Pulpectomies performed in primary maxillary incisors

from three preschool children (3.66±0.58 years old) that
attended the Pediatric Dental Clinic of the School of Dentistry
at the Universidade Federal do Rio de Janeiro (UFRJ) were
reported. After completing the Term of Free and Informed
Consent, their medical histories were investigated and
revealed no congenital or systemic health concerns. The
patients had not undergone oral and/or systemic antibiotic
therapy for at least three months prior to microbiological
sample collection.11 The baseline characteristics of the
patients and tooth elements are described in Table 1.

Two teeth from two patients (Pa1 and Pa2) presented
necrosis with the presence of fistula and periapical lesions.
Thus, pulpectomy was performed during two visits. The third
patient (Pa3) presented an element diagnosed with
irreversible pulpal inflammation and the pulpectomy was
performed in one appointment. Coronary restoration was
performed with composite resin after root canal obturation.

Two operators performed the pulpectomies based on
the protocol proposed by Barcelos et al.4, with smear layer
(SL) removal from primary teeth. The protocol includes

manual instrumentation and irrigation with 2.5% sodium
hypochlorite followed by 10 ml of 6% citric acid to SL removal
and final irrigation with 10 ml of 0.9% saline solution.

To obtain the microbiological samples, the teeth were
isolated from saliva contact with a rubber dam after local
anaesthesia. A field antisepsis was performed after the teeth
were isolated, with 2% chlorhexidine digluconate twice for 1
minute each. Samples were obtained using sterile absorbent
paper cones, at the following times (C): C1 – before accessing
the pulp chamber, a cone was wiped for 10 seconds on the
dental crown. The cone was immediately inserted into a
sterilized tube containing thioglycolate (Difco, Sparks, USA);
C2 – immediately after accessing the pulp chamber with
diamond bur mounted on a high-speed hand piece, a sample
was collected rubbing the paper cone perpendicularly to the
coronary opening for 10s. Subsequently, the cone was
inserted into a sterilized tube also containing thioglycolate;
C3 – with the completion of access before the introduction of
the first file, a third cone was inserted into the root canal,
and left for 60 seconds. It was then inserted into an eppendorf
containing 450  of 0.9% saline solution; and C4 – after the
chemomechanical preparation, the last cone was inserted
into the canal for 60 seconds. Then, this cone was inserted
into another eppendorf also containing 450  of 0.9% saline
solution. All samples were collected with absorbent number
60 paper cones inserted up to the working length in C3 and
C4. The samples were collected in duplicate.

At the end of the clinical procedures, the cones were
immediately taken to the Multidisciplinary Laboratory of Dental
Research at UFRJ. Tubes containing paper cones embedded
in thioglycolate (C1 and C2) were incubated aerobically for 14
days at 37°C. The aim of this incubation was to confirm the
absence of bacterial colonies, for sterility control.

The contents of eppendorfs with samples from C3 and
C4 were homogenized in a vortex mixer for 30 seconds.
Aliquots (50 ) of the suspension collected at C3 and C4, as
well as their serial dilutions (up to 10-3) were seeded in
duplicate in appropriate culture media: BHI (Difco, Sparks,
USA) for total microorganisms and Enterococcosel Agar
(Difco, Sparks, USA) for Enterococcus faecalis. The plates
were incubated anaerobically for 48 hours at 37°C. The results
were expressed as colony forming units (CFU)/mL.

Samples collected from Pa1 and Pa3 demonstrated
complete elimination of all microorganisms after the
chemomechanical preparation. There was no growth of E.
faecalis from any of the samples collected before or after
the CP. The material collected from Pa2 showed no growth
of total microorganisms or E. faecalis in any of the samples
(Table 2).
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Table 1: Baseline characteristics of patients (Pa) and their teeth.

Pa1 Pa2 Pa3

Gender

Age 04 04 03

Tooth 61 52 62

Cause of pulp pathology Trauma Trauma     Dental caries

Pulpal diagnosis Pulp necrosis Pulp necrosis   Irreversible pulpitis

Female Male Male

Oblique enamel
fracture

Concussion Deep caries on all faces

Absence of clinical signs
and symptoms

Presence of fistula
between tooth 51 and

52 and absence of
pulp tissue after root

 canal access

Pain

Presence of periapical
lesion

No radiographic
changes

Coronary destruction
with pulp involvement

and small external
root resorption

Radiographic changes

Chemomechanical protocol and microorganism reduction
Duarte et al.

Total Microorganisms (CFU/mL) 9900 ND ND ND 60 ND
Enterococcus faecalis (CFU/mL) ND ND ND ND ND ND

Table 2: Average number of microorganisms collected at different times, before (C3) and immediately after the chemomechanical preparation (C4).

Pa1 Pa2 Pa3

Collect C3  C4 C3             C4 C3         C4

Note: Pa – patient. ND – not detected.

The patients were followed-up to evaluate the
clinical and radiographic success of the pulpectomies
performed. Patient Pa1 did not attend the root canal filling
appointment and thus follow-up of the tooth was not
possible. Pa2 had been under follow-up for 29 months,
and the pulpectomy could be considered successful, since

the tooth exfoliated naturally, and the permanent tooth
did not show any sequels (Figure 1). Pa3 had been under
follow-up for 17 months, and the pulpectomy could be
considered successful since there was not pain, gingival
abscess,  f istula or edema, and any periapical
radiolucency (Figures 2).

Figure 1: Radiographic performance of Pa2. A) Radiography performed immediately after root canal obturation and coronary restoration of
primary maxillary right lateral incisor. B) After 29 months of treatment of primary maxillary right lateral incisor radiograph monitoring of the
eruption of permanent maxillary right lateral incisor.

Clinical aspects

Clinical signs and symptoms
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Figure 2: Radiographic performance of Pa3. A) Initial periapical radiograph evidencing primary maxillary left lateral incisor. B) Radiograph
monitoring of primary maxillary left lateral incisor after 17 months of treatment.

DISCUSSION
Irrigating solutions are used during pulpectomy in

order to reduce intraradicular microorganisms and
neutralize endotoxins, to perform vital or necrotic cell tissue
dissolution, to lubricate the walls of the canal and to remove
dentin particles.12 None of the currently used irrigation
solutions is ideal. Therefore, combinations of more than one
solution are recommended.4,7 In the present case reports
case reports, the irrigation solutions used were 2.5% sodium
hypochlorite followed by 6% citric acid. According to some
authors,8-10 sodium hypochlorite is efficient at decreasing
the bacterial load when used during the chemomechanical
preparation. However, this irrigant is not effective at removing
the smear layer (SL), which has an important role in the
success of pulpectomy.4,5 The use of citric acid as an auxiliary
irrigating solution is recommended since it removes the SL
without altering normal dentinal structures,13 being easily
found in Brazil4 and abroad.13

Our results showed 100% removal of bacteria from
the root canals. This result may be unlikely to happen.
However, we emphasize that the technique of microbial
detection by bacterial colony counting was used. Molecular
techniques, such as PCR-DGGE, may be more sensitive and
useful for evaluating the microbiota of primary root canals.11

Most prevalence studies and assessments of bacterial
load before and after chemomechanical preparations have
investigated teeth with pulp necrosis.8-11,14,15 Only one study
described the prevalence of microorganisms in teeth with
irreversible pulp inflammation, demonstrating a statistically
significant difference between the numbers of bacterial cells
found in teeth with irreversible pulpitis compared to necrotic
teeth.14 We observed that the tooth diagnosed with pulp
necrosis and a periapical lesion had a higher number of
microorganisms than those with irreversible pulp
inflammation.

In addition, with regard to the pulp condition,
microorganisms were found both in the tooth with dental
trauma and with caries. It is worth mentioning that a greater
number of total microorganisms was found before the CP in

the root canal of the tooth that had suffered dental trauma
since the tooth in question had pulp necrosis, while the other
one with caries presented irreversible pulp inflammation.14

This observation has clinical implications, since pulp necrosis
or irreversible pulp inflammation can be caused by trauma
or dental caries, and both situations leads to pulpectomy.1

Comparison of the performance of pulpectomy
carried out on primary teeth due to caries or trauma, is
scarce and its results are controversial. Randomized
controlled clinical studies have shown no difference in
treatment performance4,16. However, a prospective university-
based study reported a lower frequency of survival of teeth
treated endodontically by caries compared to those treated
by trauma17, suggesting perhaps less bacterial involvement
in these cases. Therefore, the failure to treat traumatized
teeth has a positive association with the preoperative
condition of the tooth, such as the presence of periapical
injury18, reinforcing the importance of the pulp condition
regardless the reason for treatment.

Among the anaerobic microorganisms, the
prevalence of Enterococcus spp. in primary teeth with pulp
necrosis is 50%.15 However, in the reported cases, E. faecalis
was not found in two teeth classified as pulp necrosis. This
fact can be explained by the findings of Fabris et al.15 that
reported E. faecalis only in cases of necrotic teeth due to
caries which had pulp exposure to the buccal environment,
differently than observed in our two cases in which the teeth
were diagnosed as necrotic due to trauma without exposure
to the buccal cavity.

Enterococcus faecalis and surface microorganisms
did not grow in any of the Pa2 samples. This is consistent
with other study findings,19 as nine of the samples collected
from root canals of permanent necrotic teeth were free from
bacteria. Inflammatory periapical diseases may be
associated with two basic conditions: pulp necrosis associated
with a rich and mixed microbiota, and aseptic traumatic
necrosis, where rupture or lesion of the periodontal-pulpal
vascular bundle induces aseptic pulpal necrosis.20

Good clinical and radiographic results of pulpectomy
with SL removal with citric acid have already been reported4,16.
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Therefore, from the present case reports, the
importance of using an irrigation sequence effective in
elimination of microorganisms, favorable to treatment, is
perceived. However, the present findings should be
interpreted with caution due to the limitations inherent in
this study model. The importance of carrying out more clinical
research to assess the bacterial community present in root
canals of primary teeth before and after chemical-
mechanical preparation with removal of smear layer using
citric acid is emphasized.

CONCLUSIONS
Microorganisms were present in two of the three root

canals but Enterococcus faecalis was not detected in any
sample. In cases where microorganisms were found, 100%
elimination occurred after the applied protocol. Thus, we
encourage the inclusion of substances that remove SL in the
irrigation protocol, such as 6% citric acid, an effective and
efficient solution, easily found in Brazil and abroad.
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