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ABSTRACT

Objective: To evaluate the health condition of the lower first permanent molars of children aged 6 to 12
years from the Southeast states in Brazil (Espirito Santo, Minas Gerais, Rio de Janeiro, and Sio Paulo).
Material and Methods: 1300 digital panoramic radiographs (2600 lower first permanent molars) from a
database were analyzed by a calibrated examiner for the presence of carious lesions in dentin, pulp
involvement, presence of restorative and/or filling material, and periapical lesion. Results: Data were
analyzed using the R software (p<0.05; 95% IC). The right and left sides were compared using the McNemar's
test. 51.1% of the sample were male, and 48.9% were female (mean of 9.2 years; SD = 1.9). 6.4% of the teeth
had carious lesions, 7.3% had restorative material, and 0.3% were absent. The mixed linear regression model
showed that age advance was proportional to the increase in the number of missing teeth (p=0.012), decayed,
restored, and periapical lesions (p<0.001). There was a higher incidence of restored teeth in females (8.5%)
than in 6.1% of males (p=0.019). Conclusion: There was a low incidence of dentin dental caries lesions and a
low rate of loss of the permanent lower molar in children from Southeastern Brazil. As the individual ages,
alterations in the lower first molars increase. There was no association with sex, except for the presence of
restorations.
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B Introduction

The first permanent molar is derived from the primary dental lamina, and its formation usually begins
around the 17th week of gestation. Its hard tissue begins to form at birth, and its coronal development is
completed in the third year of life [17]. The eruption of the first permanent molars occurs around 6 to 7, but this
tooth will only be fully formed between 9 and 10 years of age. It is usually the first permanent tooth to erupt,
exposed for a longer time to the risk factors for caries in mixed dentition, especially in children with poor hygiene
habits and a cariogenic diet [27]. In addition to its masticatory function, this tooth is essential for establishing
the occlusion key, lifting the vertical dimension, and developing the dental arch and the temporomandibular
joint. It also acts as a guide for the eruption and positioning of the other molars [37.

Dental caries harms the quality of life, is considered a public health problem in Brazil, and is one of the
significant challenges of the Unified Health System [47]. Approximately 50% of preschoolers in different
countries have caries experience [57]. This estimate is confirmed in studies conducted in Brazil, where prevalence
rates range from 20.3% [[6] to 53.6% [7]. Caries are the result of mineral loss from hard dental tissues. It is
considered a dynamic, multifactorial, non-communicable disease mediated by biofilm and modulated by a
cariogenic diet. Biological, behavioral, psychosocial, and environmental factors are also determinants of its
development [87].

Some factors favor the development of carious lesions in the first permanent molar, such as occlusal
anatomy with several grooves that facilitate food retention, poor hygiene, asymptomatic eruption, and, in some
cases, defects in enamel development, such as Molar-Incisor Hypomineralization (MIH), where the dental
structure appears porous and susceptible to fractures due to a failure in enamel mineralization and maturation
[9,10]. Furthermore, teeth are vulnerable to caries within the first 2 to 4 years after eruption, as the enamel is
not fully mineralized. Maturation and hardening continue in the oral cavity after the incorporation of fluoride,
calcium, and other ions into the dental structure [117].

The early loss of this tooth is closely related to caries disease, and due to its importance in facial
development, its absence can cause numerous damages to oral health [127. Among these damages are
compromised chewing function and dental misalignment due to adjacent and antagonistic teeth migration. This
can result in alterations in the curve of Spee and affect the temporomandibular joint (TMJ), potentially triggering
temporomandibular disorders (TMD). Additionally, the absence of the first permanent molar can impact facial
development and occlusal key, compromising the proper distribution of occlusal and chewing forces [8,127].
Previous studies conducted in Iran and Saudi Arabia analyzed panoramic radiographs to verify the rate of loss
of the first permanent molar in children aged 7 to 15 years, confirming that 86.9% and 40% had an absence of
this dental element, respectively [12,1387.

Panoramic radiography is commonly used as a primary diagnostic radiographic technique, a screening
method for the entire maxillary and mandibular dentition [147]. This exam emits a low radiation dose, and its
execution technique is simple, fast, and comfortable for the patient. Such characteristics make it widely used to
approach child patients [157, whether in the evaluation of the stages of dental development (Nolla's stages),
periapical and periodontal lesions, surrounding bone features, traumas, and other pathological changes [167].

The radiographic evaluation of the first permanent molars and the respective incidence rates of carious
lesions and other alterations associated with these teeth is essential to assess the magnitude of this health
problem. Considering the scarcity of studies that radiographically evaluated the molars of Brazilian children, the
present study aimed to assess radiographically the health condition of the first lower permanent molars of

children aged 6 to 12 years from the Southeastern states of Brazil.
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B Material and Methods
Study Design and Ethical Clearance

This descriptive cross-sectional observational study was approved by a public university's Human
Research Ethics Committee (Opinion No. 5.560.483). The radiographic examinations used in this project were
performed for diagnostic purposes, independent of this research, so the patients were not exposed to radiation
without proper indication. The identification of the individuals was kept confidential, and data were not disclosed

along with the results.

Pilot Study

A pilot study was conducted, and the proposed methodology was faithfully reproduced to calibrate the
examiner. An Oral Radiologist (F.S.V.) with more than ten years of experience provided detailed explanations
regarding the conditions under investigation: dental absence, dentin caries lesion, dentin and pulp caries lesion,
restorative material, filling material, and periapical lesion. During the assessments, a lesion was classified as
dentin caries if the image displayed a radiolucent area within the tooth crown involving dentin layers. If this
radiolucent spot extended to the dental pulp, it was categorized as a dentin and pulp caries lesion. Conversely, a
radiopaque area filling the crown structure and contrasting with the surrounding dental layers indicated the
presence of restorative material. Visualizing a a radiopaque area within the root canals, contrasting with dental
tissues and adjacent bone, was deemed necessary to confirm the presence of filling material. Periapical lesions
were assessed as radiolucent areas in the periapical region, potentially exhibiting thickening of the periodontal
ligament space, rupture of the alveolar cortex, and bone rarefactions. Dental absences were identified when the
anatomical region corresponding to the first permanent lower molars lacked teeth.

The pilot study analyzed two hundred panoramic radiographs that were not included in the final sample.
The image analysis was conducted under standardized conditions, and the data were meticulously recorded on a
form containing information about age, sex, and the presence or absence of the following first molar features:
dental absence; dentin caries lesion; dentin and pulp caries lesion; restorative material; filling material, and
periapical lesion.

After 15 days, 20% of the pilot study sample was reassessed to calculate intra-rater agreement. The
examiner was only allowed to begin the evaluations of the final sample after obtaining Kappa test values higher
than 0.75. Thus, it was ensured that the evaluator could analyze the images without compromising the research

results.

Sample Selection

The sample was obtained by convenience sampling, including all panoramic radiographs of children
aged 6 to 12, available in a database. The images were acquired between the years 2020 and 2023 in different
cities of the Brazilian states of Minas Gerais, Rio de Janeiro, Sdo Paulo, and Espirito Santo, using the device OP
300 Kavo (Instrumentarium Corp., Helsinki, Finland).

Also, to be included in the study, the images should present medium contrast and density, maximum
sharpness and detail, no technical error of execution, and only the inherent distortion and magnification
determined by the manufacturer (25%). Radiographs in which it was impossible to complete visualization of the

region of the lower first molars were excluded.

Image Evaluation
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A dentist specialized in Pediatric Dentistry (L.A.M.P.) and with more than five years of experience,
previously calibrated in the pilot study, evaluated the radiographs in a room with standardized lighting
conditions, using a 21.5-inch LCD monitor and high resolution (1920 x 1080) (Dell S2240L - Dell Computadores
do Brazil Ltda., Eldorado do Sul, RS, Brazil).

A maximum of 20 images per day were evaluated to avoid visual fatigue and consequent impairment of
the assessments. The zoom, brightness, and contrast tools could have been used at the evaluator's discretion.

Figures 1 to 4 are panoramic radiographs of the sample and show some examples of the alterations evaluated.

Figure 1. Male patient, 6 years old. The presence of a carious dentin lesion in tooth 36 is observed.

Figure 2. Male patient, 11 years old. There is a carious lesion in dentin with pulp and periodontal
involvement in teeth 36 and 46.

Figure 3. Female patient, 12 years old. The presence of restorative material is observed in teeth 36 and
46.

(CMOM !
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Figure 4. Female patient, 12 years old. The absence of tooth 46 is observed.

Statistical Analysis

Data were evaluated through descriptive statistics using the R software, version 4.1.2. Continuous
variables were described by means and standard deviations, and categorical variables were defined by their
absolute and relative frequencies. The comparison between the sides was made using the McNemar hypothesis
test for dependent samples due to the dependence on the side of the tooth for the same individual. The evaluation
of the effect of sex and age considered the tooth (and no longer the individual, as in the comparison between the
sides) as the sample unit. In these models, we considered the side of the tooth as a random effect. The effect of
sex and age on dental manifestations was evaluated using a generalized linear model of the binomial family with
a random effect of the side. The chi-square test compared the associations between the dental conditions studied.

The level of significance was considered at 5%.

B Results
The Kappa value, calculated for intra-examiner agreement, was 0.914, indicating an almost perfect
degree of agreement. Data from 1,300 children were analyzed, with 51.1% of the sample being male and a mean

age of 9.2 years (+ 1.9 years). The distribution of all ages and sexes of the sample is shown in Table 1.

Table 1. Age and sex distribution of children participating in the study.
Variables N (%)

Age (in Years)
6 143 (11.0)
7 158 (12.2)
8 211 (16.2)
9 201 (15.5)
10 205 (15.8)
11 189 (14-5)
12 193 (14.8)
Sex
Female 636 (48.9)
Male 664 (51.1)

No statistical evidence of differences was identified for the conditions studied, comparing the left and
right sides (Table 2).

Table 3 shows the distribution of dental conditions according to gender. Note that female individuals
had a higher frequency of molars restored in males (p=0.019). For the other conditions, there was no difference

between sexes (p>0.05).
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Table 2. Distribution of oral conditions according to the right and left sides.

Tooth
Manifestations 36 46 Total p-value®
N (%) N (%) N (%)
Missing Tooth 3/1300 (0.2) 4/1300 (0.3) 7/2600 (0.8) >0.999
Carious Lesion in Dentin 66/1297 (5.1) 67/1296 (5.2) 183/25938 (5.1) >0.999
Carious Lesion in Dentin + Pulp 16/1297 (1.2) 17/1296 (1.8) 33/2593 (1.8) 0.831
Restoration 90/1297 (6.9) 99/1296 (17.6) 189/2593 (7.8) 0.332
Root Fliing 2/1297 (0.2) 5/1296 (0.4 7/2593 (0.3) 0.221
Periapical Lesion 16/1297 (1.2) 15/1296 (1.2) 31/2593 (1.2) >0.999
*McNemmar test.
Table 3. Distribution of dental conditions according to sex.
Dental Manifestations Female Male Total p-value”
N (%) N (%) N (%)
Missing Tooth 5/1272 (0.4) 2/1328 (0.2) 7/2600 (0.8) 0.251
Carious Lesion in Dentin 56/1267 (4.4) 77/1326 (5.8) 188/2593 (5.1) 0.111
Carious Lesion in Dentin + Pulp 15/1267 (1.2) 18/1326 (1.4) 33/2593 (1.8) 0.694
Restoration 108/1267 (8.5) 81/1326 (6.1) 189/2593 (7.3) 0.019
Root Filling 4/1267 (0.3) 3/1326 (0.2) 7/2593 (0.8) 0.662
Periapical Lesion 18/1266 (1.0) 18/1326 (1.4) 31/2592 (1.2) 0.440

*p-value of the mixed regression model having “side” as the random effect.

The means and standard deviations of age according to the presence or absence of a dental condition
are shown in Table 4. It was noted that the mean age among participants with missing lower first molar was
11.6 years. To test the effect of age on the presence of the tooth, a mixed linear regression model was adjusted
to control for the effect of the tooth side and thus obtained a p-value of 0.012, indicating that age had an impact
on tooth loss. It was also observed in the following variables: dentin and pulp caries (average age of 10.4 years),
restoration (10.2 years), and periapical lesion (10.5 years) (Table 4.

The box plot graphs of the ages according to the presence or absence of tooth condition are represented
in Figure 5. The median age was higher when the following conditions occurred: caries in the dentin + pulp,

restoration, filling, and periapical lesion.

Tooth Carious lesion in dentin Carigus lesion in dentin+pulp %

Restoration * Root filling *
124 |

Periapical lesion =

Absent

Present Absent Present Absent Present

*Indicates that the median age was higher in the presence of the evaluated condition.

Figure 5. Box Plot Graphs of age according to oral conditions.
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Table 4. Means and standard deviations of age according to the presence/absence of dental conditions.
Age (Years)

Dental Manifestations Absent Present p-value®
Mean (SD) Mean (SD)
Tooth 11.6 (1.1) 9.2 (1.9) 0.012
Carious Lesion in Dentin 9.2 (1.9) 9.1 (1.8) 0.571
Carious Lesion in Dentin + Pulp 9.1 (1.9) 10.4 (1.6) <0.001
Restoration 9.1(1.9) 10.2 (1.8) <0.001
Root Filling 9.1 (1.9) 10.6 (1.8) 0.066
Periapical Lesion 9.1(1.9) 10.5 (1.5) <0.001

*p-value of the mixed regression model having “side” as the random eftect.

Table 5 shows the two two-by-two associations between the dental conditions studied. In the first block of variables, there is an association between the conditions
and carious lesion in the dentin. It was impossible to observe significant associations between carious lesions only in dentin and carious lesions in dentin + pulp, restoration,
filling, or periapical lesions. In the group of teeth with carious lesions in the dentin and pulp (n=33), it was observed that 18.2% presented restoration, 6.1% filling, and 66.7%
periapical lesion. All differences were significant. There was also an association between the presence of restoration and filling and periapical lesion and between the presence

of filling and periapical lesion.

Table 5. Association between a carious lesion in dentin and pulp with restoration, filling, and periapical lesion.

Dental Manifestations Carious Lesion in Dentin p-value® Carious Lesion in Dentin + Pulp p-value® Restoration p-value® Root Filling p-value®
Absent Present Absent Present Absent Present Absent Present
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Caries Lesion in Dentin + Pulp  33/2460 (1.3) 0/133 (0.0)  0.412 - - - - - - - - -
Restoration 181/2460 (7.4) 8/133 (6.0)  0.731 183/2560 (7.1) 6/33 (18.2) 0.029 - - - - - -
Root Filling 7/2460 (0.3) 0/133(0.0) <0.999 5/2560 (0.2) 2/33 (6.1) 0.003 2/2404 (0.1)  5/189(2.6) <0.001 - - -
Periapical Lesion 30/2460 (1.2) 1/133(0.8) <0.999 9/2560 (0.4) 22/33 (66.7) <0.001 18/2404(0.7) 13/189(6.9) <0.001 27/2585(1.0) 4/7(57.1) <0.001

*Chi-Square test

H Discussion
This study evaluated the radiographic condition of the first lower permanent molars of children aged 6 to 12 years from the Southeast region of Brazil.
Epidemiological surveys are essential to characterizing the profile of the population and identifying the primary diseases and injuries affecting it. Through these data, it

becomes possible to elaborate public policies, actions, and strategies for health promotion and prevention [17].
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The last survey of the Brazilian population's oral health conditions showed an improvement in the
experience of caries in permanent teeth of the age group of 12 years, with a decrease of 26% between 2003 and
2010. The DMFT index (number of decayed, missing, and filled permanent teeth) for this same age group also
showed a regression over the years, being 6.7 (very high prevalence) in 1986, 2.8 (moderate prevalence) in 2003
and 2.1 (low prevalence) in 2010 [187].

Teixeira et al. [197] reported that this regression observed in the DMFT index has been occurring in
response to the implementation of Brazilian government projects aimed at prevention, specialized treatments,
and rehabilitation. Crescente et al. [207] corroborate, citing that the National Oral Health Policy (PNSB) came
into force in 2004 and made oral health care more accessible through the insertion of Oral Health Teams (ESB)
in the Family Health Strategies (ESF) and also expanded water fluoridation in Brazilian cities. These facts may
explain the low prevalence of alterations in the first permanent molar found in the present study since 6.4% of
the teeth evaluated were decayed and 7.8% restored.

This research included participants from the Southeast region of Brazil. According to Kazeminia et al.
[217, geographical, cultural, nutritional, social, and structural factors should be considered when discussing the
prevalence of oral conditions, especially caries. Costa et al. [227] showed that the Southeast and South regions
had lower DMFT indices when compared to other areas in Brazil.

According to Pontigo-Loyola et al. [237, the first permanent molars are the teeth most affected by caries
lesions due to some features such as their anatomy, posterior location that makes hygiene difficult and often be
confused with deciduous teeth, receiving less attention from those responsible. In the study by Teixeira et al.
[197, a higher frequency of involvement was observed in tooth 46 (first right lower permanent molar). In
contrast, in the present study, there was no statistical difference between the right and left sides in the occurrence
of the studied conditions.

Another factor that justifies susceptibility to caries lesions in the first permanent molars is the presence
of enamel developmental defects, such as Molar Incisor Hypomineralization. This is a qualitative defect that
occurs during the maturation or mineralization phase of enamel. Clinically, it presents as a friable structure prone
to fractures, becoming a decisive risk factor for the development of caries lesions. The adhesion of restorative
materials is also compromised, contributing to the rapid progression of cavities, hypersensitivity, and the need
for invasive treatments in a short period [24].

According to Sfreddo et al. [257, there is evidence indicating that some risk factors provide a sex bias,
putting women at higher risk of developing caries lesions than men. Martinez-Mier and Zandona [267] cited
factors such as different compositions and salivary flow rates, hormonal fluctuations, eating habits, genetic
variations, and specific social roles between families. Zhu et al. [277] showed that girls between 6 and 8 had more
caries than boys. However, the present study did not show differences in the occurrence of caries disease between
the sexes, although it evidenced that females had a higher frequency of restorations in the first permanent molars.

This study's results showed an association between the increase in age and the incidence of alterations.
The older the individual, the higher the index of the absence of the first molar and the presence of deep caries
lesion, restoration, and filling material, corroborating the findings of Urvasizoglu et al. [287], who found an
incidence rate of caries of 7.2% in 7-year-olds and 23.8% in 10-year-olds. According to Martignon et al. [297,
this fact can be justified by the longer period of exposure to caries risk factors in older individuals. In addition,
the independence in choices and the behavioral and social changes faced by children and adolescents favor
harmful oral health habits, such as frequent sucrose consumption, inadequate oral hygiene, and lack of preventive

dental care.
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The apparent decline in caries at an early age does not mean it is no longer a public health problem.
Pizzo et al. [807] and Zhu et al. [27] stated that the experience of caries in childhood presents an increased risk
for adulthood. According to the Ministry of Health [187, the DMFT index of the age group of 85 to 44 years
fell 19%, from 20.1 to 16.3 in seven years, but it is still considered a very high degree of severity. Therefore,
understanding what may be occurring differently in the younger population is necessary to guide future
prevention and rehabilitation policies in oral health.

The methodology of this study used panoramic radiographs to detect the conditions of the molars. Jeon
et al. [147 showed that this radiographic technique may present low resolution and image distortions. However,
it is a widely used method to monitor dental development in children, evaluate facial growth structures, and is
usually used as a primary diagnostic exam. The ease of performing the evaluations from an expressive database
and the care not to submit individuals to radiation unnecessarily justify the choice of this test to carry out the
present study.

Considering the maxilla, the overlap of anatomical structures, such as the maxillary sinus, maxillary
zygomatic process, and adjacent permanent tooth germs, hinders visualization and compromises the
interpretation of the variables analyzed in this study. Therefore, this study analysis focused on the lower molars,
where there are fewer anatomical interferences, thus ensuring a more accurate and reliable assessment.

The DMFT index is widely used in epidemiological studies on oral health. The literature presents few
studies that performed epidemiological surveys through radiographic examinations in children. With this, the
information on the depth of caries lesion and periapical involvement of the first permanent molars is limited,
constituting a differential of this work. Significant associations were found between the presence of a deep carious
lesion and periapical lesion (p< 0.001), in addition to the deep carious lesion and the presence of filling material
(p=0.003). Therefore, the absence of adequate and early treatment of carious lesions and the treatment performed
incompletely or unsatisfactorily can evolve and worsen the disease, which in the future may lead to tooth loss
[297].

The study of the conditions of the first permanent molar is essential to assist in the future planning of
preventive and educational programs and early dental interventions, aiming to avoid complex treatments and,
consequently, improving the population's quality of life. Therefore, this study contributes by providing necessary
evidence regarding the studied population. Through these epidemiological data, it is possible to monitor trends
over time and evaluate the effectiveness of interventions and public policies.

The limitations of this study are inherent to cross-sectional investigations, which do not allow
establishing a cause-and-effect relationship. However, it should be emphasized that the sample is within
acceptable limits concerning the generalization of the findings. In addition, future studies that evaluate and
compare populations from other regions of the country and with associated clinical data may provide more

comprehensive results.

B Conclusion

There was a low incidence of carious lesions in dentin and a low rate of lower permanent molar loss in
children from Southeastern Brazil. As the individual ages, alterations in the first molars increase. There was no
association with sex, except for the presence of restorations, which were more common in females.
Epidemiological studies are essential to encourage the planning of preventive measures to maintain children's

oral health and development.
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