
O R I G I N A L  R E S E A R C H

Oral Health Status in Children from the 
Community of Madrid, Spain: A Population-Based 
Cross-Sectional Investigation
Anabella Reyes Ortiz 1,*, Andrea Martín-Vacas 1,2,*, María José Viñas 3, Ana Martínez Gil-Ortega 3, 
Bruno Baracco 4, Marta Macarena Paz-Cortés 5, Luis Miguel Pérez-Rodríguez 3

1Faculty of Dentistry, Alfonso X El Sabio University, Villanueva de la Cañada, 28691, Spain; 2Master Programme in Pediatric Dentistry, Faculty of 
Dentistry, Complutense University of Madrid, Madrid, 28040, Spain; 3Master’s Degree in Orthodontics, Center for Dental Innovation and Advanced 
Specialties, Faculty of Dentistry, Alfonso X El Sabio University, Madrid, 28037, Spain; 4Department of Nursing and Stomatology, Faculty of Health 
Sciences, Rey Juan Carlos University, Alcorcón, 28922, Spain; 5Department of Dental Clinical Specialties, Faculty of Dentistry, Complutense University 
of Madrid, Madrid, 28040, Spain

*These authors contributed equally to this work 

Correspondence: Marta Macarena Paz-Cortés, Department of Dental Clinical Specialties, Faculty of Dentistry, Complutense University of Madrid, 
Pza. Ramón y Cajal s/n, Moncloa-Aravaca, Madrid, 28040, Spain, Email mapaz08@ucm.es

Purpose: To evaluate the oral health status of children aged 3–14 years in the Community of Madrid, Spain, between 2017 and 2020, 
and to identify associated protective and risk factors.
Methods: A cross-sectional, descriptive, and analytical study was conducted in 39 schools. Clinical examinations followed WHO 
guidelines and included caries detection (ICDAS codes 4–6), enamel developmental defects (DDE), tooth wear, malocclusion, and oral 
hygiene indicators. Sociodemographic data and oral hygiene habits were collected via parental questionnaires. Schools were stratified 
by socioeconomic status (SES). Statistical analyses were performed using SPSS v29 with a 95% confidence level (p < 0.05).
Results: Data from 11,646 children (mean age: 8.46 ± 1.99 years) revealed that 40.65% had caries in at least one tooth, and 9.42% had 
five or more affected teeth. Caries prevalence was higher among preschoolers (48.7%) than school-aged children (40.3%). Dental 
restorations were present in 10.5%, while only 11.7% had at least one sealant and 4.8% had all first permanent molars sealed. DDE 
affected 11% of children (mild: 8.1%, moderate: 2.5%, severe: 0.4%), tooth wear 4%, dental trauma 2%, and malocclusion 41.4%. 
Visible plaque was observed in 62.6% of participants, despite 50.5% reporting twice-daily brushing and 29.6% brushing three or more 
times per day. SES strongly influenced caries prevalence: 69.4% of children from low SES backgrounds had decayed teeth compared 
to 23.1% and 7.5% in medium and high SES groups, respectively. Logistic regression identified low SES (odds ratio (OR)=1.53, 95% 
CI: 1.03–2.28) as a risk factor for caries development, while absence of malocclusion (OR=0.54, 95% CI:0.32–0.93) and absence of 
visible plaque (OR=0.32, 95% CI: 0.20–0.51) as protective factors in preschool children. In school-aged children, low SES 
(OR = 3.66; 95% CI:3.21–4.18) increased the odds of caries; while toothbrushing ≥2 times/day showed a protective effect (OR 
range = 0.19–0.23) and absence of visible plaque (OR = 0.59; 95% CI:0.55–0.65 for absence vs presence).
Conclusion: Caries remains highly prevalent among children in Madrid, particularly in socioeconomically disadvantaged groups, 
highlighting the urgent need for targeted preventive strategies.
Keywords: dental caries, pediatric dentistry, dental status, oral health

Introduction
The World Health Organization (WHO) defines oral health (OH) as an integral state that enables the performance of 
essential functions such as eating, breathing, and speaking, while also significantly impacting psychosocial aspects such 
as self-esteem, well-being, and social interaction. This dimension of health evolves throughout the course of life, forming 
an inseparable part of overall health and determining individuals’ ability to fully participate in society and achieve their 
full potential.1 Besides, FDI (World Dental Federation) updated its OH definition as a multifaceted condition, which 
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includes the ability to speak, smile, smell, taste, touch, chew, swallow, and convey a range of emotions through facial 
expressions with confidence and without pain, discomfort, and disease of the craniofacial complex.2

Dental caries is a chronic, multifactorial, dynamic, and non-communicable disease, mediated by biofilm and primarily 
influenced by diet. It is characterized by the progressive demineralization of hard dental tissues. Its onset is influenced by 
biological, behavioral, psychosocial, and environmental factors, leading to characteristic dental lesions.3 Although caries 
is a preventable condition, recent global data indicate that children’s OH has not shown substantial improvement in 
recent decades. It is estimated that approximately 573 million children had untreated caries in primary teeth as of 2015. 
Caries in permanent teeth is the most prevalent condition worldwide, with approximately 2.03 billion cases reported in 
2019.4,5 Moreover, OH-related quality of life (OHRQoL) is significantly lower in children affected by caries, particularly 
in disadvantaged socioeconomic status (SES). This underscores the importance of assessing this indicator to develop 
effective and targeted interventions.6 The highest prevalence of caries has been identified in the Western Pacific Region 
(46%), while the lowest prevalence is observed in the African Region (39%). Similarly, the greatest absolute number of 
cases is concentrated in the South-East Asia Region, with approximately 135 million cases, whereas Europe reports the 
lowest number, at around 41 million.1 Between 1990 and 2019, although a 3% reduction in the global average prevalence 
of caries in deciduous teeth was observed, the absolute number of cases increased by 6%. This increase has been 
particularly pronounced in low-income and lower-middle-income countries.1 Good brushing habits, higher maternal 
education, help with tooth brushing, among others, have been described as protectors against caries.7

According to European data, in a recent systematic review with meta-analysis,8 a significant association was found 
between Gross National Income (GNI) and caries, the lower income category, the higher caries experience. Also, the 
countries of West Europe presented the lowest experience of caries, followed by North European countries, and finally, 
the East and South European countries. However, unemployment rate or Human Development Index were not strongly 
related. Besides, per capita expenditure on dental health care was related to caries index, showing that all countries with 
per capita expenditure on dental health above 100USD (included Spain) had lower mean caries index than the overall 
pooled mean caries index. In Spain9 the prevalence of caries among children aged 5 to 6 years has remained relatively 
stable in recent years (35.5% in 2020 compared to 38% in 1993). However, a slight increase has been recorded in the 
decayed, missing, and filled teeth index, rising from 0.97 to 1.28. Early childhood caries (ECC) is defined as the presence 
of one or more decayed, missing or filled tooth in any primary in a child under 71 months (6 years) of age. ECC differs 
from caries in adults mainly due to its rapid progression. Besides, it is considered an indicator of social inequality, as it 
disproportionately affects children from disadvantaged SES backgrounds, ethnic minorities, and single-parent 
families.10,11 Numerous studies have highlighted the urgent need for targeted interventions and inclusive public health 
policies.5

Among oral diseases in children, tooth wear (TW), dental trauma, and developmental defects of enamel (DDE) are 
highlighted. Dental trauma overall prevalence in Spain is estimated in 9.94%, with higher prevalence in males than 
females, and in children compared to teenagers.12 TW was positive associated with education, family income, and private 
school among teenagers.13 DDE in primary or permanent dentition prevalence in Spanish children aged 2–15 is 
27.15%.14

As part of its plan to eliminate caries in children, the WHO recommends the early detection of carious lesions, the 
integration of OH assessments into primary care, and the inclusion of community-based health interventions.11 Although 
Spain presents notable regional variations in socioeconomic composition and health indicators, the Community of 
Madrid constitutes one of the most densely populated and socioeconomically diverse regions in the country. Madrid 
combines urban, suburban, and semiurban districts with wide SES gradients, and hosts a large proportion of Spain’s 
school-aged population. For these reasons, epidemiological data from Madrid are considered informative for under
standing national pediatric OH patterns, although they cannot fully replace nationally representative studies. The main 
hypothesis was “Children from lower SES strata will exhibit higher odds and greater severity of cavitated caries and OH 
than peers from medium/high SES, in both preschool and school-aged groups”. The aim was to conduct an epidemio
logical study to evaluate the OH status of children in the Community of Madrid between 2017 and 2020.
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Materials and Methods
Study Design
A cross-sectional, descriptive, and analytical study with prospective data was conducted. This manuscript complied with 
the STROBE guidelines for reporting cross-sectional research15 and was prepared according to the Reporting Standards 
for research in Paediatric Dentistry (RAPID).16

Ethics Statement
This research was conducted with the acceptance of the Institutional Bioethical Committee (code 2024_4/267, acceptance 
date 9th May 2024) and complies with the requirements of the Declaration of Helsinki for biomedical research. Parents 
or legal guardians were properly informed with a written informational document, and Informed Consent was obtained 
prior to this study. Besides, the children’s assent was also required to participate in this study. Due to national and 
European data protection regulations, all participants were encoded and blinded both in the data sheets and database. The 
principal investigator administered the data during this study and eliminated personal data after this research was 
finished.

Participants and Sample Size
Several schools located in the Community of Madrid were invited between 2017 and 2020 to participate in an 
educational dental project with the University (BLINDED). Finally, 39 schools accepted, so the study population was 
children from the participating schools (Supplementary File T1). Prior to dental visit, all Schools were informed about 
the data collection and the educational and research purpose of the dental project. Parents or legal guardians were 
informed with an Informed Consent, and only children whose parents agreed to participate, and signed Informed Consent 
were explored by the pediatric dentists. Inclusion criteria for the study were (1) children under 14 years old, (2) who 
studied at the 39 visited Schools, (3) whose parents or legal guardians accepted to participate in the program. Children 
whose parents or legal guardians did not sign the Informed Consent at the exploration date, with systemic disease, special 
needs or craniofacial syndromes were excluded from the study. During the preliminary visit to the schools, the available 
resources were assessed, revealing that none of them had oral hygiene facilities. Therefore, no distinction was made 
between public and semi-private/private schools. A non-probabilistic sampling of consecutive cases was conducted, 
including data of explored children.

Outcomes
The participating institutions (Supplementary Table T1) included public, semiprivate, and private schools from the 
Community of Madrid. However, no distinction was made between school types, as none of the evaluated schools 
included oral hygiene education, nor did they have facilities or resources for students’ oral hygiene. Therefore, it was 
considered that access to oral hygiene did not differ based on the type of school. Instead, schools were classified 
according to their SES based on district, neighborhood, and census tract income indicators. Schools were classified as 
having a high, medium, or low SES based on average income indicators by district, neighborhood, and census tract, using 
data from 2017 to 2020 provided by the Madrid City Council, which draws from National Statistics Institute and EPdata 
sources (Urban Audit - Ayuntamiento de Madrid, accessed on February 2024).

Demographic data such as age, gender, school, exploration date, and scholar course were recorded. We collected the 
educational stage, categorizing into four groups. We distinguished between pre-scholar and scholar stage. Schoolar stage 
was categorized according to Royal Decree 157/2022, of March 1, which establishes the structure and minimum 
educational requirements for Primary Education, organizes this stage into three cycles, each comprising two academic 
years. Accordingly, a distinction is made between the first cycle (1st and 2nd grade), the second cycle (3rd and 4th 
grade), and the third cycle (5th and 6th grade).

We collected caries index and dental status according to the WHO manual which provides guidelines for assessing the 
current OH status of a population.17 Because the primary objective of the study was to estimate the overall prevalence of 
cavitated caries at the population level, we did not differentiate between primary and permanent teeth, consistent with 
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WHO Basic Methods for epidemiological surveys. This approach provides a unified estimate of disease burden across the 
full pediatric age range and facilitates comparisons with national and international surveillance studies that also use 
cavitated-lesion thresholds. According to WHO manual, we collected decayed (D+d), missed (M+m) and filled (F+f) 
tooth. It was recorded as absent, present in one, two, three, four, or five or more teeth. The presence of pit and fissure 
sealants was recorded in one, two, three, or all four first permanent molars. Bacterial dental plaque was recorded through 
direct visual examination dichotomy as present (soft debris or extrinsic stains in buccal or lingual surfaces) or absence. 
According to the International Caries Detection and Assessment System (ICDAS), caries presence was diagnosed as 
ICDAS codes 4 to 6, while “caries-free” status was considered ICDAS codes 0 to 3.18 ICDAS scores 0–3 were grouped 
as “caries-free”, while ICDAS 4–6 were considered “caries present”. Following the WHO Basic Methods,17 which define 
epidemiological caries as clinically cavitated lesions detected visually without drying. ICDAS 1–3 represent early-stage, 
non-cavitated enamel changes but not classified as cavitated disease in WHO surveillance. Grouping ICDAS 0–3 allows 
comparability with WHO-based national surveys and with previous Spanish and international epidemiological reports, 
where cavitated lesions are the diagnostic threshold for caries prevalence assessments.

Along with the signed Informed Consent, parents were surveyed regarding whether their children had experienced 
any dental trauma and the number of times their children brushed their teeth per day. To cross-check the information, 
children were also asked how many times per day they brushed their teeth. This variable was categorized as 
a qualitative categorical variable. According to FDI, malocclusion is defined as the irregularity of the teeth, or 
a mal relationship of the dental arches beyond the range is accepted as normal.19 Dental malocclusion was recorded 
as dichotomous variable. Pathological or erosive TW was recorded as absent (no erosive TW), initial loss or enamel 
surface, distinct defect, or hard tissue loss less than 50%, or hard tissue loss more than 50% of the surface according to 
Bartlett et al20 DDE were documented according to the DDE index modified for epidemiological research, approved by 
the FDI,21 according to the extension as normal, less than one-third (mild), from one- to two.-thirds (moderate), or 
more than two-thirds (severe).

Study Procedure
The selection of participating schools was conducted through direct telephone contact with the administration of each 
institution, during which the objectives and procedures of the study were explained in detail. Schools that expressed 
interest and requested further information were subsequently provided with a comprehensive document via 
Email outlining the methodology for the students’ intraoral examinations. In the schools that agreed to participate, 
a preliminary visit was conducted jointly with the dental professional team to familiarize themselves with the school 
setting, organize the clinical assessments, and strengthen coordination with school staff. Together with each institution, 
a detailed information sheet for families was prepared, accompanied by an Informed Consent form and a brief 
questionnaire soliciting relevant data. Dates for the dental examinations were then scheduled accordingly.

Examinations were consistently conducted at the beginning of the school day to ensure that students had not 
consumed food beforehand, thereby minimizing potential interference with the clinical evaluation. Dental explorations 
were conducted according to the WHO manual17 which provides guidelines for assessing the current OH status of 
a population. Prior to each examination, informed consent signed by the families was verified. A research data sheet 
was completed, and a short report on the OH status of each child was generated and subsequently shared with their 
family.

Although several schools were visited in more than one year, each child was examined only once, corresponding to 
the academic year in which the school agreed to participate. No participant was reexamined in subsequent years, and no 
repeated observations from the same subject were included in the dataset. Therefore, all data points represent indepen
dent cross-sectional observations, and no longitudinal structure or within subject clustering was present, ensuring that the 
statistical analyses used were appropriate.

Blinding
The data were collected by university professors who were experimented pediatric dentists, previously calibrated and 
trained in the study procedure. The calibration procedure was carried out with the International Caries Classification and 
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Management System (ICCMSTM) guide for practitioners and educators18 until the consistency level was higher than 
90%. During dental explorations, while the main operator was blinded to the reported data by the family while dental 
exploration, the second operator extracted data from the questionnaire and wrote down data from the dental exploration, 
to maintain blinding. Also, the data analysis was conducted by a blinded statistical expert.

Statistical Analysis
Data were analysed using descriptive methods, both for quantitative (mean and standard deviation) and qualitative 
(frequency and percentage) variables. Due to differences in age group distribution, inferential analysis was conducted 
separately for the preschool and school-aged populations. Normality of distribution was assessed using the Kolmogorov– 
Smirnov (KS) test, and homogeneity of variable distribution was evaluated using the Chi square (χ2) test. χ2 and Fisher’s 
exact tests were used for cross-analysis of qualitative variables. A binary logistic regression model was applied for caries 
(no/yes). An ordinal regression analysis was performed to assess the effect of independent variables on the caries index. 
Due to the cross-sectional design of the study, all regression coefficients must be interpreted as associations, not causal 
effects. In the preschool subgroup, some variables showed near-complete separation due to very low prevalence. These 
predictors (eg, rare categories of DDE, tooth wear, or restored/missing teeth) were initially retained because they 
represent clinically relevant risk factors and were part of our prespecified conceptual model, a practice recommended 
in explanatory epidemiological modelling to avoid residual confounding even when estimation may be unstable 
Nonetheless, given the sparse-cell structure, the final preschool model was simplified to retain only predictors with 
adequate frequency and clinical importance to ensure numerical stability.

Statistical analyses were conducted with SPSS software for Windows (version 29.0, IBM SPSS Statistics, Chicago, 
IL, USA), with 95% confidence interval (p value <0.05) and asymptotic significance.

Results
Overall Results
Data from 11,646 children (age range: 3–14 years) were obtained (children distribution by school and educational level is 
available in Supplementary Table T1). The mean age of the overall sample was 8.46±1.987 years; 8.48±1.974 years for 
boys and 8.45±2.001 years for girls. Age distribution did not meet the criteria for normality (Kolmogorov–Smirnov test, 
p<0.001), nor was it homogeneous across age groups (Χ2-test, p<0.001). However, age groups were homogeneously 
distributed by gender (Χ2-test, p=0.270), and no statistically significant differences were found between boys and girls in 
terms of mean age (T-test, p=0.410). Children came from various SES backgrounds (Χ2-test, p<0.001), with the majority 
belonging to a low SES (57.6%), and fewer from middle (28.1%) or high (14.3%) SES. Regarding gender, 53.6% 
identified as boys and 46.4% as girls, with a heterogeneous distribution in the overall sample (Χ2-test, p<0.001). In terms 
of educational level, 4% were enrolled in preschool, while the remaining students were distributed across the first 
(35.2%), second (31.3%), or third (29.4%) cycles of primary education.

The values of the caries indices are illustrated in Figure 1. As observed, most children were free of decayed, filled, or 
missed teeth; however, it is notable that 40.65% of the examined children had caries in at least one tooth, and 9.42% had 
caries in five or more teeth. Additionally, 10.51% of children already filled teeth, and nearly 1% had lost at least one 
tooth. Regarding dental sealants, only 11.7% had at least one sealant, and only 4.8% had all first permanent molars 
sealed. Concerning other variables analyzed, 11% of the children exhibited enamel developmental defects, categorized as 
mild (8.1%), moderate (2.5%), or severe (0.4%). TW was present in 4% of the children, mainly affecting the enamel 
(3.1%), less frequently the dentin (0.8%), and pulpal exposure was rare (0.1%). A history of dental trauma was reported 
in 2% of the children, and 41.4% exhibited some degree of dental malocclusion. Regarding tooth brushing habits, most of 
the examined children (62.6%) had visible dental plaque, with half of them (50.5%) reporting brushing their teeth twice 
daily. However, 29.6% reported brushing three or more times per day.
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Pre-School Sample
The sample of children enrolled in preschool courses consisted of 468 children, evenly distributed by gender (50.6% boys and 
49.4% girls) (Χ2-test, p=0.781). The age range was between 2 and 6 years, with a mean age of 4.37±0.906 years (4.38±0.929 
for boys and 4.37±0.884 for girls) and no differences by gender (U Mann–Whitney, p=0.948). Age distribution did not meet 
the criteria for normality (Kolmogorov–Smirnov test, p<0.001) nor categorical homogeneity (Χ2-test, p<0.001). However, the 
distribution of age categories by sex was homogeneous (Χ2-test, p=0.653). Regarding SES, the evaluated children belonged to 
either low (62.2%) or middle (37.8%) SES, showing an asymmetric distribution (Χ2-test, p<0.001).

Regarding caries indices (Table 1), 51.3% of the children were caries-free. However, there was a notable prevalence 
of children with five or more decayed teeth, followed by one and two decayed teeth. Only two children had missed tooth, 
with one child with two missed teeth and another with four missed teeth. Concerning filled teeth, only 4.3% of children 
had dental restorations, with the most common finding one filled tooth (2.6%).

Regarding DDE, their prevalence was very low, with mild changes observed at 3.6% and moderate alterations in 
0.6%. Pathological dental wear was identified in 2.6% of the sample, with excessive enamel wear in 2.1% of children, 
and dentin exposure in 0.4% of the study sample. Dental trauma had been experienced by 2.4% of the children. 
Malocclusion was found in 15.8% of the cases. With respect to oral hygiene, visible dental plaque was present in 
56.6% of the children. Most children (48.3%) reported brushing their teeth twice a day regularly, while brushing only 
once a day was also common (34.6%). Notably, 16.7% stated that they brushed their teeth three or more times daily, 
while 0.4% reported not brushing their teeth regularly.

Dental caries was analyzed as a dichotomous variable, revealing significant differences in its prevalence related to dental 
malocclusion (χ2 p=0.006), SES (χ2 p=0.007), daily toothbrushing (Fisher p<0.001), and the presence of dental plaque (χ2 

p<0.001). No statistically significant associations were found with DDE, dental wear, missed or filled teeth, or gender (χ2 and 

Figure 1 Distribution of different categories of affected teeth (n) among the three components (decayed, filled and missed teeth) of the caries indices.

Table 1 Descriptive Statistics (Frequency and Percentage) of 
Affected Tooth of the Three Components of Caries Indices 
in Preschool Participants

Tooth Affected (n) Decayed Missed Filled

N % N % N %

0 240 51.3 466 99.6 448 95.7

1 57 12.2 – – 12 2.6

2 53 11.3 1 0.2 4 0.9

3 25 5.3 – – 2 0.4

4 22 4.7 1 0.2 2 0.4

≥5 71 15.2 – – – –
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Fisher p>0.05 for all comparisons). Caries prevalence was notably higher in children with malocclusion (63.5%), those with 
visible dental plaque (61.5%), those who brushed only once per day (62.3%), and those from lower SES backgrounds (53.6%).

Pairwise comparisons revealed statistically significant differences in caries behavior across SES strata (Figure 2). 
Children from low SES backgrounds exhibited a caries prevalence of 53.6%, significantly higher than the 40.7% 
observed in children from medium SES (χ2 p=0.007). The number of carious lesions was also significantly associated 
with SES (χ2 p=0.031), with children from lower SES backgrounds more frequently presenting with five or more caries 
(17.9%) compared to their medium-level counterparts (10.7%). Conversely, caries-free status was more prevalent among 
children from medium SES backgrounds (59.3%) than those from lower levels (46.4%). On contrary, no significant 
differences were found in the prevalence of missing or restored teeth according to SES (χ2 and Fisher p>0.05).

Regarding the relationship between gender and evaluated outcomes, no significant differences were found in relation 
to caries number or presence, filled or missed tooth, sealed molars, DDE, TW, dental trauma, bacterial plaque or 
malocclusion (p>0.05 for all comparisons).

The findings indicate that SES does not significantly influence the prevalence of DDE (Fisher p=0.375), dental trauma 
(χ2 p=0.174), malocclusion (χ2 p=0.604), or daily toothbrushing frequency (Fisher p=0.249). However, significant 
differences were observed in dental wear (Fisher p=0.002), with 63.4% of children without dental wear belonging to 
the low SES group, while 80% of children with pathological enamel wear and 100% with dentin exposure were from the 
medium SES group, suggesting a higher prevalence of pathological TW among children with better SES. Moreover, 
visible bacterial plaque differed significantly by SES (χ2 p=0.019), being less common among children from higher SES 
backgrounds, than children belonging to low or medium SES group (60.8% vs. 49.7%).

A multivariable logistic regression model was performed to evaluate the association between SES, malocclusion, 
bacterial plaque, and daily toothbrushing with the presence of dental caries (binary outcome) (Table 2). The overall 
model was statistically significant (χ2(4)=50.42, Nagelkerke R2 of 0.136, p<0.001). After adjustment for all covariates, 
children from lower SES demonstrated significantly higher odds of presenting caries (odds ratio (OR)=1.53, 95% CI: 
1.03–2.278; p=0.035). The absence of malocclusion was associated with a reduced likelihood of caries (OR=0.54, 95% 
CI:0.317–0.929 p=0.026). Bacterial plaque presence remained the strongest outcome related to caries in the model, 
decreasing the odds of being caries-free by approximately 68% (OR=0.32, 95% CI: 0.202–0.511; p<0.001). In contrast, 
daily toothbrushing did not show a significant association with caries experience (p=0.849). The predictive accuracy of 
the model improved from 51.3% in the null model to 64.3% after including the predictors.

Figure 2 Percentage of decayed teeth according to SES in pre-school participants.
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An ordinal logistic regression was conducted to explore the association between malocclusion, visible plaque, SES, 
and daily toothbrushing with increasing levels of caries severity. The final model demonstrated a significant improvement 
in fit compared with the intercept-only model (χ2(4)=52.82, Nagelkerke R2=0.113, p<0.001), and the assumption of 
proportional odds was satisfied (χ2(16)=21.76, p=0.151). Children without visible bacterial plaque had substantially 
lower odds of being in higher caries categories (β=−1.12, p<0.001), while those from lower SES exhibited increased odds 
of more severe caries (β=0.47, p=0.013). Malocclusion showed a trend toward significance (p=0.057), and daily 
toothbrushing frequency was not significantly related to caries severity (p=0.880).

In preschool children, estimates indicating apparent protective effects should be interpreted as non-causal statistical 
associations, likely influenced by low cell counts and sparse data structure, rather than true protective mechanisms.

School Sample
A total of 11,178 primary school children were analyzed (53.7% boys and 46.3% girls). The mean age was 8.63±1.83 
years (8.64±1.824 in boys and 8.63±1.837 in girls), with no significant gender differences (U Mann–Whitney p=0.768). 
Age and gender categories did not meet homogeneity assumptions (χ2 p<0.001), and age did not conform to a normal 
distribution (Kolmogorov–Smirnov test p<0.001). The children were evenly distributed across the three primary educa
tion cycles: first cycle (36.7%), second cycle (32.7%), and third cycle (30.7%). Regarding SES, most children belonged 
to the low SES group (57.4%), followed by medium (27.7%) and high (14.9%) levels (χ2 p<0.001).

Regarding caries indices (Table 3), a caries prevalence of 40.3% was observed among the examined children, with the 
most common finding being one decayed tooth (13%). A notable proportion presented five or more decayed teeth (9.2%). 

Table 2 Binary Logistic Regression Model in Pre-School Sample

B SE Wald Sig. Exp (B) 95% C.I.

Lower Upper

SES (low) 0.426 0.202 4.434 0.035* 1.532 1.030 2.278

Malocclusion (none) −0.611 0.0274 4.963 0.026* 0.543 0.317 0.929

Dental plaque (no) −1.135 0.236 23.076 <0.001* 0.321 0.202 0.511

Daily toothbrush −0.031 0.161 0.036 0.849 0.970 0.707 1.330

Constant 0.737 0.375 3.872 0.049 2.090

Note: * Sig., statistically significant p<0.05. 
Abbreviations: SE, standard error; SES, socioeconomic status.

Table 3 Descriptive Statistics (Frequency and Percentage) of 
Affected Tooth of the Three Components of Caries Indices in 
School Participants

Tooth Affected (n) Decayed Missed Filled

N % N % N %

0 6672 59.7 11,071 99.0 9974 89.2

1 1455 13.0 68 0.6 551 4.9

2 1004 9.0 24 0.2 381 3.4

3 545 4.9 9 0.1 126 1.1

4 476 4.3 6 0.1 89 0.8

≥5 1026 9.2 – – 57 0.5
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Among school-aged children, the prevalence of dental restorations was 10.8%, most frequently involving one (4.9%) or 
two (3.4%) teeth. The prevalence of missing teeth was very low (1%). Regarding the presence of pit and fissure sealants, 
the prevalence was 12.2%; however, only 5% of children had sealants placed on all four first permanent molars.

A total of 11.3% of the examined children presented DDE, predominantly mild (8.3%), though moderate (2.6%) and 
severe (0.5%) alterations were also reported. Pathological TW was observed in 4.1% of the sample, mainly restricted to 
enamel (3.2%). Dental trauma history was identified in 2% of the children, while malocclusion was present in 42.5% of 
the evaluated cohort. With respect to oral hygiene, visible bacterial plaque was found in the majority of children (62.8%). 
Most children reported brushing their teeth two (50.6%) or three times daily (28%), although toothbrushing once a day 
was also common (19.1%).

The presence of decayed teeth was significantly associated with previously restored teeth (X2 p<0.001), with 14.15% 
of children exhibiting filled teeth, and 1.55% having missed teeth. Notably, 75% of children with all four molars sealed 
were caries-free, while 40% of children without sealants presented dental caries (X2 p<0.001). Paired analysis revealed 
statistically significant differences in relation to the prevalence of DDE, TW, dental trauma, malocclusion, and visible 
plaque accumulation (X2 p<0.001 across all comparisons). Regarding DDE, 39.59% of children with enamel defects 
were free of dental caries, compared to 60.40% who exhibited decayed teeth. Children with caries showed significantly 
higher levels of enamel wear (4.06%), dentin exposure (1.24%), and pulp involvement (0.15%) compared to their caries- 
free counterparts (2.56%, 0.49%, and 0.04%, respectively). Dental trauma was also more prevalent among children with 
caries (2.77%) than those without (1.53%). Malocclusion alterations were observed in 45.36% of children with caries 
compared to 40.51% without caries. Additionally, the presence of visible dental plaque was higher in children with 
carious lesions (71.32%) than in caries-free children (57.06%).

A paired analysis was conducted to examine the effect of SES, revealing that both the prevalence of dental caries and 
the number of affected teeth were significantly associated with SES (X2 p<0.001) (Figure 3). Specifically, 69.4% of 
children from low SES backgrounds presented decayed teeth, compared to 23.1% and 7.5% among those from higher 
SES. No statistically significant differences were found regarding the presence of dental fillings (X2 p=0.26) or the 
number of restored teeth (X2 p=0.751), nor in the presence (X2 p=0.476) or number of teeth lost due to caries (X2 

p=0.551).
In addition, 7.83% of children from high SES backgrounds had sealants on all four permanent molars, compared to 

only 3.77% among those from lower SES (X2 p<0.001). TW also demonstrated significant differences (X2 p=0.02), with 

Figure 3 Percentage of decayed teeth according to SES in school participants.
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a higher prevalence observed in children from lower SES backgrounds (4.46%) compared to those from higher levels 
(2.99%), along with increased severity of wear. The prevalence of dental trauma was significantly greater in children 
from low SES backgrounds (2.59%) than in children from middle (1.32%) or high (1.19%) SES (X2 p<0.001). Similarly, 
the prevalence of malocclusion was higher among children from low SES backgrounds (43.95%) compared to those from 
middle or high levels (41.03% vs. 39.44%) (X2 p=0.001). Visible plaque accumulation was also more frequent among 
children from middle and low SES backgrounds compared to those from high SES (63.97% vs. 52.72%) (X2 p<0.001).

In relation to gender, no significant differences were found regarding decayed, filled, sealed or missed tooth or 
presence (p>0.05 for all comparisons). Neither analyzing DDE (X2 p=0.215). However, significant differences were 
found related to TW (X2 p=0.026), malocclusion (X2 p<0.001), bacterial plaque presence (X2 p<0.001) and dental trauma 
(X2 p=0.021). The obtained results indicate that males present higher prevalence of TW (4.52% vs 3.51%) and dental 
traumatism (2.32% vs 1.69%) than females. Besides, the absence of visual bacterial plaque was more prevalent in 
females (38.96% vs 35.66%). On the other hand, females showed a higher malocclusion (44.39% vs 40.81%) prevalence 
than males.

The multivariate logistic regression (Table 4) model evaluating predictors of dental caries was statistically significant 
overall (χ2 = 941.63, df = 19, p < 0.001), confirming that the included variables collectively contributed to caries risk. 
The model explained 8.1–10.9% of the variance (Cox & Snell R2 = 0.081; Nagelkerke R2 = 0.109) and achieved a global 
classification accuracy of 63.9%, with higher sensitivity for caries absence (79.0%) than presence (41.5%). Several 
predictors demonstrated strong and clinically relevant associations. SES emerged as the most influential factor, children 
from low SES households had 61.9 percentual points of caries compared to those from high SES families (OR = 3.659; 
95% CI: 3.206–4.176; p < 0.001), while middle SES status also increased risk 46.3 percentual points (OR = 1.916; 95% 

Table 4 Binary Logistic Regression Model in School Sample

B SE Wald p value Exp (B) 95% C.I.

Lower Upper

Age −0.009 0.011 0.637 0.425 0.991 0.969 1.013

Gender (male) −0.120 0.041 8.728 0.003* 0.887 0.819 0.960

SES 471.577 0.000*

SES (low) 1.297 0.067 370.245 0.000* 3.659 3.206 4.176

SES (medium) 0.650 0.073 78.635 0.000* 1.916 1.660 2.212

Filled (no) −0.570 0.064 79.562 0.000* 0.566 0.499 0.641

Missed (no) −1.013 0.215 22.245 0.000* 0.363 0.238 0.553

Daily toothbrush 24.300 0.000*

Daily toothbrush (no) −0.183 1.022 0.032 0.858 0.832 0.112 6.168

Daily toothbrush (1) −1.476 0.816 3.270 0.071 0.229 0.046 1.132

Daily toothbrush (2) −1.650 0.815 4.094 0.043* 0.192 0.039 0.950

Daily toothbrush (3) −1.712 0.816 4.405 0.036* 0.180 0.036 0.893

Daily toothbrush (4) −1.616 0.827 3.821 0.051 0.199 0.039 1.004

TW 19.288 0.000*

TW (no) −0.680 0.704 0.932 0.334 0.507 0.128 2.014

TW (enamel) −0.354 0.712 0.246 0.620 0.702 0.174 2.837

(Continued)
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CI: 1.660–2.212; p < 0.001). Presence of bacterial plaque significantly elevated caries risk (OR = 0.598; 95% CI: 
0.547–0.654; p < 0.001) in 14.26 percentual points compared to children with plaque absence. Conversely, previous 
restorative or surgical treatment (filled and missed tooth) were associated with reduced caries presence in 14 and 
22.4 percentual points, respectively (OR = 0.566 and OR = 0.363, respectively; both p < 0.001). Daily brushing 
frequency showed a dose-response effect, brushing ≥2 times/day markedly reduced caries risk compared to no brushing 
(OR range: 0.192–0.229; p < 0.05). DDE (mild to moderate) were also significant (OR range: 0.432–0.495; p < 0.05), 
suggesting that developmental defects may predispose to caries despite preventive measures. Malocclusion and gender 
exhibited modest but significant effects (OR = 0.908 for malocclusion; OR = 0.887 for female gender; both p < 0.05). 
However, age and TW were not significant predictors.

The ordinal regression model was statistically significant overall (Δ−2LL = 1134.20; df = 19; p < 0.001), indicating 
that the included variables collectively explained variation in caries severity. The model showed modest explanatory 
power (Nagelkerke R2 = 0.104; McFadden R2 = 0.039) and acceptable fit based on deviance (p = 1.000), although 
Pearson χ2 suggested potential lack of fit (p < 0.001), likely due to sparse cells (68.4% zero-frequency combinations). 
The test of parallel lines was significant (p < 0.001), suggesting violation of the proportional-odds assumption; therefore, 
interpretation should be cautious. SES was the strongest determinant, low SES increased odds of higher caries severity by 
approximately 3.95 times (β = 1.374; p < 0.001), and medium SES by 1.92 times (β = 0.652; p < 0.001), compared to 
high SES. Presence of bacterial plaque was highly associated with greater severity (β = −0.570; p < 0.001; OR ≈ 0.57 for 
absence vs presence), confirming plaque as a critical risk factor. TW (absence vs enamel/dentin involvement) showed 
strong protective effects (β range: −1.832 to −1.551; p ≤ 0.010), suggesting that advanced wear correlates with higher 
caries burden. Daily brushing frequency demonstrated a dose-response effect: brushing ≥2 times/day significantly 
reduced odds of higher severity (β ≈ −1.25 to −1.31; p ≈ 0.03–0.04), reinforcing preventive benefits. Children with 
missed or filled teeth showed lower OR values compared with the reference category (β = −0.922 and −0.385; both p < 
0.001), reflecting increased follow-up care. Age and gender were significant but with small effects: older age slightly 
reduced severity (β = −0.035; p = 0.001), and females had lower odds than males (β = −0.130; p = 0.001). DDE was not 
significant in this model.

In school-aged children, regression coefficients similarly reflect associative, not causal, relationships; counterintuitive 
patterns (eg, mild or moderate DDE showing lower odds of caries) most likely arise from confounding or differential 
diagnostic patterns, not biological protection.

Table 4 (Continued). 

B SE Wald p value Exp (B) 95% C.I.

Lower Upper

TW (dentin) 0.071 0.740 0.009 0.924 1.073 0.252 4.574

Malocclusion (no) −0.096 0.042 5.373 0.020* 0.908 0.837 0.985

Dental plaque −0.514 0.046 126.982 0.000* 0.598 0.547 0.654

DDE 13.312 0.004*

DDE (mild) −0.839 0.304 7.620 0.006* 0.432 0.238 0.784

DDE (moderate) −0.703 0.311 5.110 0.024* 0.495 0.269 0.911

DDE (severe) −0.623 0.328 3.623 0.057 0.536 0.282 1.019

Constant 3.653 1.135 10.360 0.001* 38.600

Note: * Sig., statistically significant p<0.05. 
Abbreviations: SE, standard error; SES, socioeconomic.
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Discussion
A cross-sectional, retrospective, descriptive, and analytical study was conducted. While similar cross-sectional studies 
have been reported in the literature,22–33 additional epidemiological34,35 and longitudinal.36,37 Research designs have also 
been identified, offering broader insights into OH trends over time and population-level determinants. These diverse 
methodological approaches contribute complementary perspectives that enrich the understanding of pediatric OH 
dynamics. Regarding the study population, previous research in Spain have been conducted,29,30,32,33,35 although other 
populations have been also studied, finding previous researches in India,24,31 Australia,38 Brazil,22,27 Egypt,23 Slovakia,39 

Africa,25,28,34 Servia,26 western Asia,40 Korea,37 China36 can be found.
The interpretation of our findings must also consider the representativeness of Madrid within the Spanish context. The 

Community of Madrid, despite being highly diverse in terms of SES distribution, migration patterns, and school 
typology, does not fully capture the heterogeneity of other Spanish regions, some of which differ markedly in rurality, 
fluoridation practices, and access to preventive programs. Therefore, while the large sample size and socioeconomic 
variability of Madrid offer valuable insights into national pediatric OH trends, the results should be extrapolated to the 
broader Spanish population with caution.

Sample sizes among existing cross-sectional studies on pediatric OH are highly variable, with no consistency in the 
population sizes examined. Some investigations have included fewer than 410 participants,22,23,25,26,37 while others have 
analyzed samples ranging from 650 to 900 children31,39 or between 1000 and 2200 participants.24,27,28,34 In Spain, five 
relevant studies were identified: some with fewer than 400 participants,29,30 others with sample sizes between 650 and 
900,32,35 and the largest Spanish study with 1397 children.33 By contrast, our study included a total of 11,646 children, 
making it the largest pediatric sample reported in scientific literature to date.

Although previous studies have applied classifications based on population rurality or school type (public or private), 
in our case, the sample was stratified according to population income. This decision was because, within the region 
studied (Community of Madrid), there are no differences in access to OH services depending on geographical location or 
school type. Regarding age, no consistent criteria were found across studies for sample selection. In our research, 
children were classified as preschoolers (under 6 years old) and school-aged (6 years and older), in addition to 
categorization by academic cycle. Studies have been conducted exclusively in preschool children,25,27 in school-aged 
children and adolescents,22,26,28,31,34,37 and in populations spanning a broad age range without differentiation between 
preschoolers and school-aged children.23,24,36,39 Spanish studies also exhibit heterogeneity in the age ranges of partici
pants, including cohort studies of children aged 5–10 years29 or 6–14 years;33 comparative studies between two age 
groups30 aged 6–12 and 13–18 years; studies comparing age groups of 6, 12, and 15 years;32 and studies including 
children aged 6, 9, and 12 years.35

Regarding evaluation methodology, our study was conducted by two calibrated examiners, consistent with the studies 
by Ferizi et al26 and Cortés Martinicorena et al33 Other studies reported data collection by one calibrated 
examiner,22,24,25,28,30,31,34,39 four calibrated examiners,36 or six calibrated examiners.23,32 The study by Borges et al27 

involved five examiners who were not calibrated. Undergraduate students conducted additional research.29,35

Most studies followed a similar examination methodology to ours, conducted in school classrooms with children 
seated in chairs, using a plane mirror under natural light, without drying the teeth prior to inspection.25–28,30,34,36 

However, Álvarez-Arenal et al35 conducted their study using dental equipment, including a dental chair, mirror, and 
a portable air compressor to dry the teeth. In contrast, Dalla Nora et al22 performed clinical examinations in schools with 
children in a supine position using portable equipment (artificial light, air compressor, and suction system).

In several studies, sociodemographic and covariate data were collected through parental questionnaires,22,25–27,33 as 
was done in our study. OH, status data collection followed WHO methodology based on the caries index. Like 
García-Barata et al,30 we employed the latest version Other authors followed earlier versions.22–28,31,32,35–37,39 Most 
authors conducted clinical examinations including all erupted permanent teeth22,26,31,37 or all erupted primary teeth.25 

Some studies examined both dentitions.23,29,30,32,33,36,39–41 In our study, the presence of caries was assessed using ICDAS 
criteria without differentiating between primary and permanent dentition. Other authors22,27,32,33 also considered criteria 
for non-cavitated lesions and dental caries experience. Additionally, our study evaluated other parameters as covariates, 
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like other studies, including malocclusion, history of dental trauma, pathological or erosive TW, and visible bacterial 
plaque.29–31,33,37

Caries prevalence varies depending on the populations studied. In our sample, the overall prevalence of caries in at 
least one tooth was 40.65%, with 9.42% of children presenting caries in five or more teeth. When stratified by study 
groups, 51.3% of preschool children were caries-free. However, a notable proportion had caries in five or more teeth 
(15.2%), followed by caries in one tooth (12.2%) and two teeth (11.3%). Among school-aged children, caries prevalence 
was 40.3%, with the most frequent finding being caries in a single tooth (13%). A high prevalence of caries in five or 
more teeth was also observed (9.2%). By contrast, Longas-Bravo et al42 documented a lower (30.7%) prevalence in 
children aged 6–14 years, with a cod of 0.98 at age 6 and a CAOD of 1.16 at age 12, indicating milder disease patterns 
than those observed in our population. These regional contrasts are further illustrated by Adanero et al29 who examined 
children aged 6–12 years attending Madrid schools and reported caries prevalence values generally lower than those seen 
in our cohort, while also identifying marked socioeconomic disparities in oral-health outcomes within the region. 
Moreover, extreme intra-regional variability is evident in vulnerable subpopulations: Beltri Orta et al43 found 97.05% 
caries prevalence among children aged 3–15 years attending a non-profit dental foundation in Madrid, with the highest 
burden concentrated in the 3–6-year group. In contrast, the study by Almerich-Silla et al32 reported increasing caries 
prevalence with age in both primary and permanent dentition, although only school-aged children were evaluated. 
According to their data, the prevalence of cavitated caries was 30%, 37.7%, and 43.6% at ages 6, 12, and 15 years, 
respectively, while the prevalence of both cavitated and non-cavitated caries (including incipient lesions) was 56%, 
76.8%, and 84.8% in the same age groups.

In international studies, caries prevalence (cavitated and non-cavitated) in primary dentition ranges from 10.5%25 to 
43.9%27 with higher prevalence among younger children (ages 5–8 years), compared to older children.24 Previous studies 
report higher rates of permanent dentition caries than ours, with a prevalence of 76–88%,22 similar to findings by Abbass 
et al23 and Sivakumar et al31 By contrast, other authors report lower caries prevalence, ranging between 3% and 
35%.24,34,37,40

In Spanish studies, the prevalence of caries in primary dentition ranges from 45.21%29 to 70.37%,30 both slightly 
higher than the prevalence observed in our study. Regarding preschool-aged children, according to data from the last 
National Survey in 2020,44 caries prevalence in primary teeth was 28.3% and 1% in permanent teeth, showing 
a significantly lower prevalence than reported in 1993 (35.1% and 2.9% in primary and permanent teeth, respectively). 
The effect of age on caries prevalence has also been analyzed in previous studies,33,35 showing an upward trend in 
primary dentition caries with increasing age. Similarly,33,35 caries prevalence in permanente dentition increases with 
age.33,35

Regarding dental fillings,44 only 4.3% of preschool children in our study presented dental restorations, with the most 
frequent finding being restoration of a single tooth (2.6%). In Spain, according to 2020 data,44 the restoration index for 
primary teeth was 27.1%, with an average of 0.35 restored teeth per child. This prevalence was significantly higher 
among children from high SES backgrounds (48.2%) and those born in Spain (31.8%).

School-aged children in our study presented dental restorations with a prevalence of 10.8%, most commonly 
involving one (4.9%) or two teeth (3.4%). Sivakumar et al31 analyzed a population aged 11–13 years, reporting 
a prevalence of preventive resin restorations of 7.6%, and overall restoration rates ranging from 12.6% to 22.8%. In 
contrast, Park et al37 reported significantly higher prevalence, with 74% of permanent teeth restored in pediatric 
populations. In Spain, the study by Cortés Martinicorena et al33 also reported elevated restoration indices: 26.1% of 
primary teeth restored at age 6, and 68.9% and 74.1% of permanent teeth restored at ages 12 and 14, respectively. 
According to 2020 national data,44 the restoration index in Spanish children was 29.4% at 6 years old and 72.4% at 15 
years old, with an average number of restored teeth of 0.01, and 0.68 in those age groups. In our study, the overall 
prevalence of pit and fissure sealants was 12.2%, although, only 5% of children had sealants placed on all four first 
permanent molars. These data reflect a higher prevalence of sealants than reported in previous research (8.4%).31 

Besides, 3136sealant prevalence trends to be lower among migrant children compared to native children at younger 
ages, although this trend reversed at age 15.36 In Spain, sealant prevalence was notably higher. Cortés Martinicorena 
et al33 reported that 40% of children had at least one sealed tooth, with a mean of 1.26 and 1.21 sealed teeth at ages 12 
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and 14, respectively. According to national data from the 2020 Survey,44 sealant prevalence was 4.2% at age 6, increasing 
to 34.8% and 32.2% at ages 12 and 15, respectively.

Visible bacterial plaque was found in 56.6% of preschool children. Regarding self-reported oral hygiene habits, 
48.3% reported brushing their teeth twice daily, while brushing once per day was also common (34.6%). In the school- 
aged group, visible plaque was observed in 62.8% of children. The majority reported brushing two (50.6%) or three times 
(28%) per day. The absence or infrequent practice of toothbrushing, has been associated with increased prevalence of 
dental caries in children,22,23 consistent with our data. Regarding brushing habits, variable outcomes have been reported, 
with 46% of children brushing without toothpaste, and only 46.8–70.98% brushing once daily or less, while 2.2–42.6% 
brushing two or three times per day.25–27,37,39,41 In Spanish populations, according to 2023 data,30 40.7% of children 
never brushed their teeth, and 48.1% brushed less than once per week. Data from the 2020 Survey44 reported that the 
majority (68.2–76%) of adolescents brushed their teeth more than once daily. The best oral hygiene levels at age 12 and 
15 were observed in children from high or moderate SES backgrounds, respectively. A trend in Spain toward increased 
daily brushing frequency from 2015 to 202045 can be found, both in two or more times (from 70% to 72%) and three 
times (from 24% to 35%) a day. In our population, the prevalence of DDE among preschool children was low, with mild 
alterations observed in 3.6% and moderate defects in 0.6%. However, among school-aged children, the prevalence was 
higher: 11.3% of examined children presented some degree of DDE, predominantly mild defects (8.3%), followed by 
moderate (2.6%) and severe alterations (0.5%). Recent studies in Spain have reported heterogeneous data regarding DDE 
prevalence. According to 202044 findings, 20.7% of 12-year-old children presented dental hypomineralization, with 
14.3% classified as mild and 6.4% as moderate to severe, predominantly affecting children from middle and high SES 
backgrounds. More recent data indicate an increase in DDE prevalence, with rates of mild MIH at 22.2%, moderate at 
14.8%, and severe at 3.7% among children in Sevilla in 2023.30 Additionally, a multicentric study by Ortega-Luengo 
et al46 reported an overall DDE prevalence of 28.63%. Regarding the severity of affected teeth, 83.17% exhibited mild 
defects (limited to color changes), while 16.82% presented severe involvement. TW was identified in 2.6% of the 
preschool sample and 4.1% of school-aged children, predominantly limited to enamel, and more frequently observed in 
preschool children from high SES backgrounds. Although data in general population states a highly variable prevalence 
of TW (from 1.4% to 100%),13 previous research regarding pediatric population report a lower prevalence in permanent 
(from 5.9% to 61%) and primary dentition (from 10.7% to 17.7%).37,47–50 An increase in erosive dental defects has been 
associated with age, lower maternal education level, and poor oral hygiene48 although other authors have found no 
association between parental education level or oral hygiene and erosive TW.47 No differences in dental erosion were 
observed in relation to the presence of caries in children, consistent with our findings. While Duangthip et al48 reported 
greater prevalence of TW in children with lower maternal education, Yip et al47 did not identify differences based on 
SES. According to our data, 2.4% of preschool children and 2% of school-aged children had a history of dental trauma. 
In studies conducted among preschool populations, the prevalence of dental trauma reached 11.2%,40 like findings in 
Spanish children, where a prevalence of 12.2% was reported.51 Recent meta-analyses conducted in Spain12,51 estimated 
an overall prevalence of 9.94%, with higher rates observed in boys (10.5%) compared to girls (5.7%), and in children 
(11.1%) compared to adolescents (6.1%). Dental occlusion alterations were identified in 15.8% of preschool children and 
42.5% of the school-aged sample. Similar findings have been reported in previous literature, with overall malocclusion 
prevalence ranging from 15% to 32.9%.31,37 Spanish studies report higher prevalence rates of malocclusion, ranging from 
43.89% to 77.8%,29,30,33,44,52 with mild malocclusion occurring in 14.8% to 31.6% of cases and moderate to severe 
malocclusion affecting 13.8% to 63%. Studies evaluating orthodontic treatment needs found similar trends, with 21.8% 
to 63% of children requiring treatment at age 12, and 17.1% to 79.8% requiring treatment at age 15.53,54

In bivariate analysis, dental caries in preschool children were significantly associated with malocclusion, low SES, 
daily brushing, and visible bacterial plaque, but not with other studied variables. According to the 2020 National 
Survey,44 the number of teeth filled or missed did not vary by SES. Multivariable analysis revealed that only the absence 
of malocclusion and absence of visible plaque were associated to lower caries risk among preschoolers, although low 
SES, male gender, and lack of toothbrushing showed a trend toward increased caries risk. Among school-aged children, 
a lower caries risk was associated to male gender, the presence of DDE, absence of malocclusion, brushing three or more 
times daily, absence of visible plaque, and no prior caries experience. In contrast, low SES increased both the likelihood 
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of caries and the number of affected teeth. Most authors report strong associations between dental caries and factors such 
as low parental educational level, reduced household income,23,27,32,33,55–57 lack of preventive dental visits, poor oral 
hygiene and dietary habits,39,58 prior caries experience, cariogenic microorganisms, and exposure to prenatal or passive 
smoking,58 as well as elevated cortisol levels.55,59 Maternal education level has been identified as a strong predictor of 
early childhood caries (ECC).60, 61 Conversely, some studies found higher caries prevalence among children from high 
SES backgrounds compared to middle and low groups,24,34 mainly due to an improved oral hygiene outcomes in higher 
SES groups.28,38 Regarding sample origin, children from rural areas or with immigrant status were at greater risk for 
caries in primary teeth, but not in permanent teeth,22,36,58, 61 with no gender influence observed. Notably, Sowole et al25 

concluded that SES, brushing frequency, and type of toothbrush were not associated with caries in primary teeth, whereas 
other studies23,26,58,60 highlighted brushing frequency and dental visits as protective factors. Nutritional habits also 
showed strong correlations, with ECC significantly associated with sugar intake,23,41,58,60 and a protective role reported 
for consumption of eggs, fruits/vegetables, and dairy products.23 Additional factors such as birth order, number of 
siblings, oral hygiene status, and presence of DDE were also found to be predictive of dental caries.34, 62 In a large-scale 
epidemiological study conducted in Spain in 2020,44 high SES was associated with significantly lower caries prevalence 
in primary teeth among preschoolers and in permanent teeth among 15-year-olds, but not in other evaluated age groups. 
Additionally, native-born 12-year-old Spanish children had significantly fewer carious permanent teeth compared to their 
immigrant counterparts.

Non-treated caries is an indicator of OH status improvement.1 Despite the rigorous methodology, the research 
presents certain limitations that may affect the generalizability of the data. Firstly, the origin of the children was not 
assessed, and no differentiation was made between immigrants and children born in Spain, nor by racial background. 
This variable was not considered, as children born in Spain to immigrant families are enrolled in the national health and 
education system and therefore receive the same oral hygiene and dietary guidelines and have equivalent access to 
healthcare services as children born in Spain. Moreover, the aim of the study was to assess OH status in children residing 
in the Madrid region, regardless of origin or nationality, in order to determine the current prevalence of pediatric caries 
and community needs. Parent reported variables (such as toothbrushing frequency or previous dental trauma) may be 
affected by social desirability and recall bias, potentially leading to under or overreporting and attenuating true 
associations with caries outcomes. Additionally, the voluntary participation of schools and examiners may introduce 
selection bias, as those who choose to participate might differ systematically from those who do not. Another limitation 
was the lack of differentiation between primary and permanent teeth in caries index calculations. This decision was made 
because, as previously mentioned, the objective was to assess the general presence of caries in children of different ages 
(3–6 and 6–14 years) rather than distinguishing by dentition type, with the aim of estimating current caries risk in the 
pediatric population of the Madrid region. Additionally, the use of a non-probabilistic sampling method may reduce the 
external validity of the findings. The selected schools and participating children may not fully represent the entire 
pediatric population of the Community of Madrid, and results should therefore be generalized with caution.

The present study offers multiple strengths that allow for a realistic assessment of OH status in children from the 
Madrid region. Firstly, the multicentric design involving 39 schools and a total of 11,646 children enabled the inclusion 
of populations from various areas of the region, with diverse SES backgrounds and age groups (3–14 years), spanning the 
years 2017 to 2020. Clinical examinations were conducted by experienced pediatric dentists who had undergone inter- 
examiner calibration, ensuring an elevated level of observational accuracy.

As future lines of research, it would be scientifically relevant to include additional variables in the parental 
questionnaire, such as parenting style, birth rank, and number of children. It is also recommended to calculate indices 
not assessed in the present study, such as treatment need, which provide valuable information regarding the severity of 
dental caries. In alignment with the strategic objectives established by the WHO for 2030,1 it is essential to examine the 
relationship between children’s OH and the consumption of processed foods and sugar-rich products. This analysis 
supports the broader global health agenda, which emphasizes the reduction of noncommunicable diseases and the 
promotion of health across all stages of life, particularly during early childhood.
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Conclusion
This large-scale epidemiological study provides a comprehensive overview of pediatric OH in the Community of Madrid. 
The findings reveal a substantial burden of dental caries, affecting over 40% of children, with nearly 10% presenting 
severe involvement (≥5 teeth). Additionally, the prevalence of DDE was 11%, dental wear 4%, dental trauma 2%, and 
malocclusion 41.4%. More than half of the examined children presented with visible bacterial plaque, despite the 
majority reporting brushing their teeth two or more times daily.

SES emerged as the most influential determinant of caries prevalence and severity, with children from low SES 
backgrounds exhibiting markedly higher risk. Protective factors varied by age group: in preschoolers, absence of 
malocclusion and plaque were key, whereas in school-aged children, frequent toothbrushing, prior dental treatment, 
and even mild DDE were associated with reduced caries risk. These findings highlight the need for policymakers to 
strengthen school-based preventive programs, particularly in low-SES districts, by implementing systematic tooth- 
brushing initiatives, regular dental screenings, and targeted OH education.
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