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Abstract
Evaluate the prevalence and severity of caries in permanent teeth and their association
with the treatment needs of 8–12-year-old Mexican schoolchildren. The cross-sectional
studywas conducted on 1139 8–12-year-old schoolchildren attending two public primary
schools in State of Mexico. The study used the International Caries Detection and
Assessment System (ICDAS) to examine the prevalence of caries and identify treatment
needs in schoolchildren. Other variables considered were age, gender, oral hygiene,
dental visits ≤6 months, toothbrushing frequency, and the mother’s years of education.
A logistic regression model was used to identify the association between independent
variables and treatment needs. In all analyses, two-tailed p values ≤ 0.05 were
considered statistically significant. The prevalence of caries lesions was 82.1% (82.2%
boys vs. 81.9% girls) considering all lesion categories (ICDAS 1–6), while the
distribution of the severity of caries was 17.9% (ICDAS 0), 13.9% (ICDAS 1–2), 28.3%
(ICDAS 3–4) and 39.9% (ICDAS 5–6). The treatment needs index was 77.3%. The
logistic regression model showed that the schoolchildren with moderate (ICDAS 3–4)
and extensive carious (ICDAS 5–6) lesions were, respectively, 61% Odds Ratio ((OR) =
1.61; p = 0.036) and 77% (OR = 1.77; p = 0.013) more likely to present treatment needs.
Other variables, such as poor oral hygiene (OR = 1.52; p = 0.009), the mother’s low level
of education (OR = 1.53; p = 0.007), and a lack of dental visits (OR = 1.42; p = 0.030)
were associated with dental treatment needs. The results obtained show that the 8–12-
year-old Mexican schoolchildren presented a high level of treatment needs for moderate
and extensive carious lesions (ICDAS 3–6). These findings reiterate the importance
of implementing oral health prevention, promotion, and intervention programs to help
protect the oral health of school-age children.
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1. Introduction

On a global level, oral diseases are among the most preva-
lent health conditions, presenting financial and health conse-
quences and having a negative impact on the quality of life
for the affected populations [1]. Caries continues to be a
public health problem, with the 2019Global Burden of Disease
Study reporting, globally, 62.9 to 64.6 million prevalent cases
of caries in primary and permanent teeth [2]. Moreover,
dental caries is present in both developed and developing
countries, affecting both rural and urban populations [3–5].
This multifactorial disease begins with the demineralization of
the enamel and is accompanied by the rapid loss of calcium and
phosphate ions and can progress until producing a cavitated
lesion involving all the tissues of the tooth, culminating in

its destruction [6]. This process may result in a consider-
able reduction in quality of life in the child and adolescent
population due to pain, discomfort when chewing, difficulty
in sleeping, fracture and premature tooth loss [7, 8]. On a
global level, various indices, such as dmft (decayed, missing,
and filled teeth), DMFT (Decayed, Missing, and Filled Teeth),
and the Significant Caries Index (SiC), are currently used to
evaluate the distribution pattern and management of caries
lesions [9]. One drawback of these indices is that they are
unable to evaluate the initial or moderate stages of carious
lesions, leading to the underestimation of their prevalence,
which helps to explain the complications observed in the use
of dmft and DMFT to measure the increased presence of
caries in the same individuals over the long term [10]. These
challenges led to the development of ICDAS (International
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Caries Detection and Assessment System) [11], a caries lesion
detection system which enables the visual identification of
the lesion, taking into account its degree of progression and
classifying the presence of coronal caries as the following:
healthy surfaces (ICDAS 0); initial carious lesions (ICDAS
1–2); moderate carious lesions (ICDAS 3–4); and extensive
carious lesions (ICDAS 5–6) [12].
Studies conducted in Mexico on child populations aged

between 4 and 12 years have reported an approximate 80%
prevalence when considering all carious lesions (ICDAS 1–
6) in primary dentition and an approximate 40% prevalence of
dentine carious lesions (ICDAS 4–6) in permanent dentition
[13, 14]. Additionally, this disease results in a high level of
invasive treatment needs in both primary and permanent den-
tition, furthering the adverse effects of caries on the child and
adolescent population [15]. An important aspect in the plan-
ning of healthcare services is the identification of deficiencies
requiring treatment, with these healthcare needs influenced and
defined by the social determinants corresponding to each popu-
lation [16]. Research has reported varying outcomes for dental
treatment needs in children, with, for example, 45% of subjects
in India requiring restorative procedures [17], 71.4% in Qatar
presenting dental caries lesions [18], and 78.0% in Nicaragua
requiring dental caries treatment [19], while a 91.3% treatment
needs index was found for permanent dentition inMexico [20].
Data obtained from one specific study shows that 55% of the
school-age population of interest had not seen a dentist in the
last six months [14].
Despite the significant progress seen in Mexico with the

emergence of the Instituto de Salud para el Bienestar (INSABI
or Institute of Health for Welfare) as part of the System for
Social Protection in Health, the system does not provide cover-
age for the majority of the specialized dental care required and
solely provides services considered basic (prophylaxis, fillings
and extractions) [21]. The large part of dental care provision
in Mexico is private, with Moreno-Barrera et al. [22], in an
analysis conducted on the Mexican child population, finding
that approximately more than 50% of their sample used private
dental services.
Clinical evaluation using ICDAS can directly assist in the

diagnosis and management of carious lesions, from their initial
appearance to their nonsurgical or surgical management and
the necessary clinical follow-up. Furthermore, once the initial
lesions have been identified, nonsurgical lesion management
can be provided through the use of preventive interventions
that aim to avoid costly impacts on oral healthcare services.
Therefore, the present study aimed to evaluate the preva-
lence and severity of caries in permanent dentition and their
association with the treatment needs observed in 8–12-year-
old schoolchildren in Mexico. The hypothesis proposed by
the present study is that schoolchildren with moderate and
extensive carious lesions (ICDAS 3–6) experience a greater
need for surgical and non-surgical dental treatment.

2. Material and methods

The present study was done in adherence to the guidelines
set out by the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.

2.1 Data collection
The treatment needs of the 8–12-year-old schoolchildren who
participated in the present study were evaluated via a cross-
sectional study conducted on data obtained from two public
primary schools in a community in Naucalpan de Juárez, State
of Mexico, in 2019. According to the Instituto Nacional de
Estadística y Geografía (INEGI or National Institute for Statis-
tics and Geography), the municipality has 93,823 inhabitants
(45,449 men and 48,374 women), of whom 30.9% are not
covered by one of the country’s healthcare services. Data from
INEGI shows that the average number of years of education
in the community was 10.7, while approximately 86.2% of
inhabitants can read and write and 56.6% are living in poverty
(46.5% moderate and 10.1% extreme) [23]. The inclusion
criteria for the present study were the following: children
aged 8 to 12 years old; children of any gender; and children
for whom a signed authorization to participate in the research
had been provided. The exclusion criteria were as follows:
schoolchildren suffering from any disease or condition that
would impede the completion of the clinical oral examination;
children who had refused to be clinically examined; children
with fixed orthodontic appliances; and children without the
signed consent of their parent/guardian. Based on the ex-
clusion criteria, 25 schoolchildren chose not to participate
in the study and 20 were eliminated from participating. A
total of 1200 parents were asked to consent to their children
participating in the study, with 1139 accepting and signing
an informed consent form (a 94.9% response rate). Of the
1139 schoolchildren, 78.5% (894) had permanent dentition and
21.5% (245) had primary dentition.

2.2 Independent variable: caries lesions
Caries was evaluated in the permanent dentition of the partici-
pating schoolchildren using the ICDAS criteria. The detection
codes for coronal caries used by ICDAS range from 0 to 6,
depending on the severity of the lesion. The highest ICDAS
scores, ICDAS 5 and 6 indicate active cavitated lesions that go
into the dentin and have significant enamel destruction [11].
The determination of the ICDAS code for each tooth first
required the evaluation of the surface of the tooth under wet
and then dry conditions, after which, in order to differentiate
between ICDAS codes 1 and 2, the teeth were then dried with
compressed air for five seconds and re-examined in order to
evaluate ICDAS Code 1. The cut-off points for the ICDAS
were the following: caries free (ICDAS 0); initial lesions
(ICDAS 1–2); moderate lesions (ICDAS 3–4); and extensive
carious lesions (ICDAS 5–6) in permanent dentition [12].

2.3 Dependent variable: dental treatment
needs index (TNI)
Finally, we assessed the treatment needs index using the fol-
lowing formula [20]:

TNI =
decayed teeth (ICDAS 4− 6)

decayed teeth (ICDAS 4− 6) + filled teeth
(100)

The application of the formula obtained results in the form
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of quantitative values. If the result was 0, the child entered the
group (0 = without treatment needs), while, if the result of the
formula was greater than or equal to one, the child entered the
group (1 = with treatment needs). The TNI was categorized
into two groups (0 = without treatment needs and 1 = with
treatment needs) [20].

2.4 Covariables
The following sociodemographic variables were used as po-
tential confounders and fit to the model: age (in years); gender
(boy/girl); toothbrushing frequency (number of times a day)
dichotomized into <2 or ≥2 times a day; dental visits ≤6
months (yes/no); soda consumption (seldom/sometimes each
week/>once per day); consumption of candy (seldom/a few
times per week/at least once per day); and oral hygiene, which
was evaluated via the Simplified Oral Hygiene Index (OHI-
S). Oral hygiene was classified as poor (OHI-S score ≥2) and
good (OHI-S score <2) [24]. The variable of the mother’s
years of educationwas used to distinguish those adults who had
completed nine years of formal education or less from those
who had completed more than nine years (which, in Mexico
corresponds to primary and secondary school combined), as
dichotomized into ≤9 years and >9 years.

2.5 Clinical oral examination
The oral examinations were conducted by two experienced
dentists, using a mouth mirror and a World Health Organiza-
tion (WHO) probe (11.5 mm, Hu-Friedy©), in the two public
primary schools selected. The examination of the oral cavity of
the children participating in the research adhered to infection
control regulations. The child was asked to brush their teeth in
order to eliminate any plaque or food remains prior to the oral
examination. The two dentists had been previously trained and
standardized in the application of the ICDAS oral examination
process, which comprised two steps (theoretical and clinical),
with intra and inter-examiner reliability for caries determined
to be Kappa = 0.89.

2.6 Sample size
The sample size was calculated using the formula for the
independent proportions with a power of 80%, to detect a
0.20 difference in proportions between the two groups, with
a bilateral p value of 0.05. If 30% of the participants from the
reference population present the factor of interest (extensive
carious lesions), the present study required a sample size of
311 per group (namely, a total sample size of 622, assuming
equal group sizes) [25].

2.7 Statistical analysis
All analyses were conducted using Stata 15 software (Stata
Corp, College Station, TX, USA). Comparisons were made
for age, gender, toothbrushing frequency, oral hygiene, soda
consumption, candy consumption, mother’s level of educa-
tion, and the number of dental visits undertaken by those
schoolchildren both with and without treatment needs. The
Pearson Xi-square test was used for categorical variables,
while the student’s t-test was used for the discrete variable.

The association between the dependent variable of treatment
needs (0 = no treatment needs/1 = with treatment needs) and
the independent variables was tested using the multiple logistic
regression model adjusted for confounders, with the odds ratio
(OR) calculated to a 95% confidence interval (95% CI). Model
diagnostic tests were conducted using the Hosmer-Lemeshow
goodness-of-fit test. A two-way interaction analysis was car-
ried out between all the independent variables in the model,
with no significant interaction found (p > 0.05). In all anal-
yses, two-tailed p values ≤ 0.05 were considered statistically
significant.

3. Results

3.1 Characteristics of the study population

The present study was conducted on 1139 schoolchildren aged
8 to 12 years old, 49.6% of whom were boys and 50.4% girls,
and the mean age of whom was 9.57 (±1.18) years. The mean
age of the schoolchildren was 9.57 (±1.18) years. There were
no statistically significant differences between mean age by
gender (p = 0.422). According to the OHI-S, 50.8% of the
schoolchildren presented poor oral hygiene and 58.0% brushed
their teeth less than twice a day. Regarding visits to the dentist,
64.9% of the schoolchildren had not visited the dentist in the
last six months. In terms of the variable of the participant’s
mother’s number of years of education, 63.4% had completed
nine years or fewer of formal education.

The prevalence of caries lesions in the schoolchildren was
82.1% (82.2% boys vs. 81.9% girls) considering all lesion
categories (ICDAS 1–6). By age group, the prevalence of
caries lesions (ICDAS 1–6) was 72.6% (8 years), 81.5% (9
years), 87.9% (10 years), 79.3% (11 years) and 95.2% (12
years), with no statistically significant differences found for
age (p = 0.657). The percentage of each lesion category
was distributed as 17.9% (ICDAS 0), 13.9% (ICDAS 1–2),
28.3% (ICDAS 3–4) and 39.9% (ICDAS 5–6). No statistically
significant differences were found for gender (p = 0.283). In
terms of dental treatment needs, 77.3% had such needs and
22.7% did not. The distribution of existing restorations across
the sample of schoolchildren revealed that the use of sealants
was 1.4%, resins 34.1%, and amalgams 3.7%. None of the
participants presented with restorations with glass ionomers or
teeth missing due to caries.

The data showed that schoolchildren with poor oral hygiene
present a higher percentage of treatment needs than those
children with good oral hygiene (54.1% vs. 45.9%; p< 0.001),
while those subjects whose mothers had a low level of edu-
cation (≤9 years) presented a higher level of treatment needs
than those with >9 years of education (p < 0.001), this data
is shown in Table 1. Moreover, schoolchildren who had not
visited the dentist (≤6 months) presented a higher percentage
of treatment needs than those who had visited a dentist (>6
months) (p < 0.001). Fig. 1 presents the distribution of caries
by age group, showing that the percentage of ICDAS 3–4 and
ICDAS 5–6 scores was similar for both age groups.
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TABLE 1. Distribution of variables by dental treatment needs among Mexican schoolchildren aged 8–12 years (n =
1139).

Dental treatment needs index p
No treatment needs

n = 259
With treatment needs

n = 880
Age mean (Standard deviation) 9.58 (±1.23) 9.56 (±1.17) 0.859
Gender

Boys 119 (45.9) 446 (50.7)
0.180

Girls 140 (54.1) 434 (49.3)
Toothbrushing frequency

<2 times a day 116 (44.8) 397 (45.1)
0.926

≥2 times a day 143 (55.2) 483 (54.9)
Oral hygiene (OHI-S)

Good hygiene 157 (60.6) 404 (45.9)
<0.001

Poor hygiene 102 (39.4) 476 (54.1)
Dental visits ≤6 months

Yes 119 (45.9) 281 (31.9)
<0.001

No 140 (54.1) 599 (68.1)
Consumption of soft drink

Seldom 61 (23.5) 218 (24.8)
0.753Sometimes per week 116 (44.8) 371 (42.2)

>Once per day 82 (31.7) 291 (33.0)
Consumption of sweets

Seldom 88 (34.0) 271 (30.8)
0.523Sometimes per week 125 (48.3) 459 (52.2)

>Once per day 46 (17.7) 150 (17.0)
Mother’s level of education

<9 yr 119 (46.0) 298 (33.9)
<0.001

>9 yr 140 (54.0) 582 (66.1)
OHI-S: Simplified Oral Hygiene Index.

FIGURE 1. Percent distribution between of the dental treatment needs and the ICDAS by age groups among Mexican
schoolchildren (n = 1139). ICDAS: International Caries Detection and Assessment System.
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3.2 Multivariable analysis

Amultiple logistic regressionmodel was applied to identify the
association between the severity of caries and the schoolchil-
dren’s dental treatment needs (Table 2). Seven variables were
included in the multiple logistic regression analysis. The
schoolchildren with moderate carious lesions (ICDAS 3–4)
were 61% OR = 1.61 (95% CI [1.03–2.53]); p = 0.036 more
likely to present treatment needs, while those schoolchildren
with extensive carious lesions (ICDAS 5–6) were 77% more
likely to present dental treatment needs OR = 1.77 (95% CI
[1.12–2.78]); p = 0.013. Similarly, the schoolchildren with
initial carious lesions (ICDAS 1–2) were 80% less likely to
present surgical or nonsurgical treatment needs OR = 0.20
(95%CI [0.13–0.33]); p< 0.001. Other variables, such as poor
oral hygiene OR = 1.52, (95% CI [1.11–2.08]); p = 0.009, the
mother’s low level of education OR = 1.53, (95% CI [1.12–
2.09]); p = 0.007, and a lack of visits to the dentist OR =
1.42, (95% CI [1.03–1.95]); p = 0.030, were associated with
treatment needs in the schoolchildren.

4. Discussion

The present study found that the schoolchildren with moderate
and extensive carious lesions are more likely to present dental
surgical and nonsurgical treatment needs than those with initial

carious lesions after the regression model was fit for possible
confounders. An important aspect to consider in the planning
of healthcare services is the diagnosis and evaluation of the
healthcare needs, which is a systematic method for identifying
and reviewing the health care problems that present in any
population [16]. Research has demonstrated that preventive
programs may improve the health of the general population,
when implemented adequately [26]. With regard to oral health
needs, a sample of participants aged 6–11 years in India re-
vealed that 70–90% of the population of interest required treat-
ment; furthermore, it was also observed that treatment needs
increased with age [27]. A study conducted on 6–12-year-old
schoolchildren in Nicaragua found that approximately 50% of
participants presented treatment needs and that the percentage
was higher in boys than in girls (60.1% vs. 48.9%) [19]. The
present study observed that 77.0% of the Mexican schoolchil-
dren sampled presented treatment needs, a percentage that was
similar for both boys and girls (50.7% vs. 49.3%). In order
to determine healthcare needs, it is important to observe the
distribution of the sociodemographic variables in a population
in order to determine the epidemiological profile related to
said needs in the population. Therefore, the profile of the
disease could be used to adequately organize the corresponding
healthcare responses and plan the corresponding healthcare
services [28]. As the child population presents specific oral
health characteristics and needs that require specific responses,

TABLE 2. Logistic regression model for the association between initial, moderate, and extensive caries lesions and
treatment needs among Mexican schoolchildren aged 8–12 years (n = 1139).

Variables Crude odds ratio
(95% CI) p Adjust odds ratio

(95% CI) p

Age 0.98 (0.88–1.11) 0.860 0.98 (0.86–1.12) 0.805
Gender

Male Reference Reference
Female 0.82 (0.62–1.09) 0.181 0.87 (0.64–1.18) 0.395

Oral hygiene (OHI-S)
Good hygiene Reference Reference
Poor hygiene 1.81 (1.36–2.40) <0.001 1.52 (1.11–2.08) 0.009

Toothbrushing frequency
≥2 times a day Reference Reference
<2 times a day 1.00 (0.75–1.32) 0.991 0.96 (0.70–1.32) 0.839

Dental visits ≤6 months
Yes Reference Reference
No 1.81 (1.36–2.40) <0.001 1.42 (1.03–1.95) 0.030

Mother’s level of education
>9 yr Reference Reference
≤9 yr 1.66 (1.25–2.19) <0.001 1.53 (1.12–2.09) 0.007

ICDAS Sound (ICDAS = 0) Reference Reference
Initial caries lesions (ICDAS 1–2) 0.23 (0.15–0.37) <0.001 0.20 (0.13–0.33) <0.001
Moderate caries lesions (ICDAS 3–4) 1.91 (1.24–2.94) 0.003 1.61 (1.03–2.53) 0.036
Extensive caries lesions (ICDAS 5–6) 2.41 (1.59–3.65) <0.001 1.77 (1.12–2.78) 0.013
OR: Odds ratio; CI: Confidence Interval; ICDAS: International Caries Detection and Assessment System; OHI-S:
Simplified Oral Hygiene Index. Hosmer-Lemeshow test = 0.783.
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it is of great importance to generate more evidence for the
analysis and implementation of strategies on a population
level, with the objective of resolving the oral health problems
and treatment needs that affect the pediatric population [29].
The strategies created may contribute to improving the state of
oral health in children, thus exerting a positive impact on their
quality of life.
Results reveal an 82% level of prevalence and severity of

caries in the school-age population evaluated, further to the
presence of moderate and extensive carious lesions increas-
ing in line with the age of the participants. These findings
coincided with previous studies conducted in India [30] and
other populations, such as in Ecuador [31], where a 98.0%
prevalence was reported in 2–11-year-old children. On the
other hand, studies conducted in Mexico using ICDAS have
reported a prevalence of 81.4% [14] in children aged 8–12
years and 82.2% in 3–5-year-old subjects [13]. Borges et
al. [32], in a systematic review of the efficacy of current
non-surgical treatments for non-cavitated carious lesions in
permanent teeth, reported that the non-surgical approach has
potential benefits that include the conservation of dental tis-
sue by delaying intervention or minimizing the extent of the
surgical procedure required, thus increasing the longevity of
the teeth. Therefore, the clinical importance of identifying
initial carious lesions during the clinical examination, may,
together with the non-surgical approach, directly help in the
management and clinical follow-up of caries, thus reducing the
prevalence of caries in the child population affected.
Unfortunately, oral health care is one of the main require-

ments of oral health that is currently not met in children.
The present study found that those schoolchildren with poor
oral hygiene are 52% more likely to present dental treatment
needs. During childhood, poor oral hygiene has been associ-
ated not only with the presence of caries and treatment needs
but also poor academic performance, pain, and tooth loss,
which compromise the viability of a normal diet and negatively
affect nutrition, self-esteem, speech, socialization, and quality
of life [33]. Khawaja et al. [34], in a study conducted on
schoolchildren in Pakistan, found that the presence of caries
was significantly higher in children with poor oral hygiene
(OR = 2.40; p = 0.005) and that the treatment need levels in
the subjects were over 90%. According to available evidence,
oral hygiene measures, such as tooth brushing or the use of
toothpaste together with dental floss and mouthwashes, are
long-established practices in the majority of the population
[35]. Therefore, it is important to highlight that the oral health
of schoolchildren can be improved by teaching them better
health practices via simple, cheap and easy-to-implement and
evaluate oral health prevention, intervention, and promotion
programs, which are fundamental elements for maintaining the
oral health of the population. Research has demonstrated that
prevention programs are able to improve the levels of health in
a community when implemented adequately [26].
The use of educational level in research on this area cor-

responds to an attempt to ascertain an individual’s level of
knowledge as it relates to their skills and abilities [36]. More-
over, education helps to improve one’s health by increasing
cognitive abilities and, thus, enabling one to be more efficient
in maintaining good health [37]. The present study found that

schoolchildren whose mothers had a low level of education
(≤9 years) were 53% more likely to present dental treatment
needs. It is believed that a child’s mother’s level of education
is important for both preventing and treating health problems
and disease [38]. Recently, literacy has become a mechanism
used to link a women’s level of education with mother-and-
child health, while also providing women the ability to acquire
more knowledge in order to improve health outcomes in their
children [38]. Lawrence et al. [39] reported that children
whose mothers have less than a secondary education or its
equivalent presented a worse state of health than children
whose mothers had graduated from university. Poor health
in the child population has immediate and long-term conse-
quences that affect the child well into adulthood [40]. There-
fore, improving the level of a mother’s education could be an
important intervention for improving child health. Similarly,
health education should begin at an early age and accompany
the child’s growth, thus helping to prevent disease. Education
enables the child to acquire and develop the responsibility
of identifying and resolving the main oral health problems
affecting them.
One of the limitations of the present study was its cross-

sectional design, which does not provide causal estimates.
Secondly, the socioeconomic level of the parents was not
evaluated, nor were the costs of the dental care received by
the children participating in the research. Another limitation is
that the caries evaluation was carried out over a certain period
of time, which meant that other risk factors in the population
could not be analyzed. On the other hand, one of the strengths
of the present study was the standardization of the criteria used
for the ICDAS evaluation, with both examiners presenting an
over 85% level of agreement. Moreover, a sample size calcu-
lation was performed to detect specific differences among the
study groups and, thus, be able to make statistical inferences.

5. Conclusions

The present study shows that 8–12-year-old Mexican children
presented high levels of treatment need formoderate and exten-
sive carious lesions. Poor oral hygiene, a low number of visits
to the dentist, and the mother’s low level of education were
associated with the participant’s treatment needs. However, as
there may be other social determinants that explain the results
obtained by the present study, other research is recommended
to help confirm these findings. The results of the present
study can be used to generate other lines of research, such as
longitudinal studies on or randomized clinical trials for the use
of remineralizing agents to prevent or stop the progression of
caries. The implementation of long-term, simple, cheap and
easy-to-evaluate oral health prevention, promotion and inter-
vention programs is necessary to help protect schoolchildren’s
oral health.
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