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Socioeconomic and intraoral 

polarization of untreated caries and 

tooth loss among male adolescents

Abstract: The aim of this study was to investigate the intraoral 

distribution of untreated caries and tooth loss and estimate the 

impact of different socioeconomic factors on the occurrence of these 

outcomes. A cross-sectional study was conducted with 652 18-year-

old male adolescents from the city of Sapucaia do Sul, Brazil, who 

conscripted for military service. The participants answered a 

questionnaire addressing sociodemographic variables. Two trained 

and calibrated examiners performed the clinical examinations for 

the diagnosis of dental caries using the criteria of the World Health 

Organization. Tooth group and adolescent were the units of analysis 

for the primary outcomes of the study. Poisson regression analysis 

with robust variance was performed, with the calculation of crude 

and adjusted prevalence ratios (PR) and 95% con昀椀dence intervals 
(CI). The prevalence of caries experience and untreated caries was 

70.2% and 39.3%, respectively, and 9.4% of the adolescents had 

missing teeth. Sixty-seven percent of the untreated caries and 98.8% 

of missing teeth were in 昀椀rst molars. The probability of dental caries 
and tooth loss was signi昀椀cantly higher among adolescents with less 
schooling (PR = 2.56; 95%CI: 1.97–3.32 and PR = 3.28; 95%CI: 1.61–6.65, 

respectively) and those whose mothers had less schooling (PR = 1.31; 

95%CI: 1.03–1.67 and PR = 2.30; 95%CI: 1.18–4.50, respectively). In 

conclusion, the occurrence of untreated dental caries and tooth loss 

was concentrated in the 昀椀rst molars of adolescents. Moreover, the 
prevalence of both conditions was higher among adolescents with low 

schooling and whose mothers had low schooling, re昀氀ecting the strong 
intraoral and socioeconomic polarization of these outcomes.
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Introduction

Untreated caries on permanent teeth is the most prevalent condition 

among all diseases, affecting 2.5 billion people throughout the world.1,2 

One of the most serious consequences of untreated caries is tooth loss, 

which is a progressive condition that re昀氀ects the oral health history of 
individuals and their access to health services.3,4,5 Tooth loss is an important 

determinant of perceived overall health as well as a strong marker of both 

oral health and social inequality.4,5,6,7
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Studies are consistent in reporting functional, 

esthetic, and emotional problems stemming from 

untreated caries and tooth loss, exerting a signi昀椀cant 
impact on oral health-related quality of life as well 

as both direct and indirect costs to families and 

society.8,9,10,11 Severe tooth loss is the oral condition 

that most accounts for disability-adjusted life years 

(DALYs), which is a measure of years lost due to 

ill-health and disability. Moreover, severe tooth 
loss accounts for two-thirds of the overall loss of 

productivity due to dental diseases.2,11

One of the goals established by the World Health 

Organization for the year 2020 was to reduce the 

number of teeth extracted due to dental caries at 

18 years of age12 However, the accentuated incidence 

of untreated dental caries and tooth loss in the school 

phase and adolescence in the majority of countries2 

demonstrates that preventive oral health policies 

have not been effective. In Brazil, caries experience 

increases from 43.5% to 76.1% during adolescence, 

affecting 99% of Brazilians between the ages of 

35 and 44 years.13

A combination of preventive population-based 

and individual approaches is key to reducing 

the burden of dental caries and tooth loss. The 

distribution of these outcomes both intraorally and 

in the population needs to be considered so that 

available resources can be used rationally.14 Although 

it is well known that dental caries and tooth loss 

are closely linked to socioeconomic status,4,8,15,16,17 

few studies have evaluated this association at 

18 years of age and have generally investigated the 

role of family income.18 During the transition from 

adolescence to adulthood, schooling and entering 

the job market are fundamental variables for health.19 

To the best of our knowledge, however, no study has 

investigated gradients of dental caries and tooth loss 

in this age group considering such characteristics. 

The clari昀椀cation of this issue could provide a more 
precise definition of the social gradient for the 

planning of social and health policies.

Some studies have described the intraoral 

distribution of dental caries and tooth loss. However, 

such investigations in the 昀椀rst decades of life are scarce 
and restricted to 12-year-old children or individuals 

in the intermediate phase of adolescence and no 

study has investigated the intraoral distribution of 

both outcomes. Preventive strategies based on the 

individual should consider that the 昀椀rst few years 
after tooth eruption is the period with the highest 

risk of caries incidence.20 Thus, knowing the most 

affected teeth could contribute to the establishment of 

speci昀椀c protection measures for different age groups, 
thereby reducing health care costs and avoiding or 

reducing the impact on quality of life.11,21,22

Therefore, the aim of the present study was to 

investigate the intraoral distribution of untreated 

caries and tooth loss and estimate the impact of 

different socioeconomic factors on the occurrence 

of these outcomes in 18-year-old male adolescents 

in a city in southern Brazil.

Methodology

Study design and sample size

A cross-sectional census study was conducted 

with 18-year-old male adolescents in Sapucaia do 

Sul, which is a city in southern Brazil. The study 

population was adolescents who conscripted in 

the Brazilian Army in 2017, which is mandatory for 

all males who complete 18 years of age each year. 

Sapucaia do Sul has an estimated population of 

138,000 residents and all houses have a 昀氀uoridated 
water supply. The Human Development Index of the 

city is high (HDI = 0.726) and within the range for the 

southern region of the country. The only inclusion 

criterion was being 18 years old at the time of data 

collection. Among a total of 1,043 conscripts aged 

17 and 20 years, 658 were 18 years old. Of them, six 

refused to participate.

The sample size for the present study was 

determined by the number of 18-year-olds conscripted 

in the army in the city in the year in which data 

collection occurred. The sample power was calculated 

based on an estimate of 600 18-year-old adolescents 

conscripted the previous year. This sample size had a 

power > 83% to detect a difference in the prevalence 

of tooth loss and dental caries among adolescents 

with a lower and higher socioeconomic status with 

a 95% con昀椀dence level according to the following 
parameters: tooth loss of 9.0% versus 3.0%;23 dental 

caries of 51.6% versus 31.1%.24
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Data collection

The data were collected through a questionnaire 

and dental clinical examination. The questionnaire 

was administered by five trained interviewers 

and addressed previous dental visits, schooling 

of the adolescent (in complete years of study), 

paid employment (yes or no), mother’s schooling 

(in complete years of study), and family income 

(in Brazilian currency). Considering the signi昀椀cant 
difference between adolescent’s schooling and 

mother’s schooling, different cutoff points were 

established for these two variables (adolescent’s: 

≤ 8, 9–10, or ≥ 11 years; mother’s: ≤ 5, 6–8 or > 8 years). 
The cutoff points for schooling were de昀椀ned based 
on the stages of the Brazilian educational system7 and 

the distribution of frequencies to maintain the power 

to capture relevant differences between categories. 

Family income was categorized based on the Brazilian 

monthly minimum wage (BMMW; < 2 times, 2–3 times 
or > 3 times the BMMW), which corresponded to 
approximately 292 US dollars during the data 

collection period.

The adolescents were clinically examined by 

two examiners (students of the PhD Program in 

Dentistry, with previous experience in oral health 

surveys). The training and calibration process lasted 

30 hours. It was done prior to the onset of the data 

collection process, and included theoretical activities, 

practical activities, and discussions of the criteria for 

the diagnosis of dental caries under the guidance 

of an experienced epidemiologist. For calibration, 

twenty 18-year-old male adolescents that were not 

participants of the study were examined. Weighted 

Kappa values for intra-examiner and inter-examiner 

reproducibility ranged from 0.91 to 0.95 and 0.84 to 

0.86, respectively, for the diagnosis. The criteria of 

the World Health Organization were used for the 

determination of dental caries experience, with the 

recording of the number of decayed, missing and 

filled teeth (DMFT index).25 After brushing and 

drying the teeth, the examinations were performed 

under arti昀椀cial light with the aid a WHO probe 
and dental mirror. The primary outcomes were 

the occurrence of untreated caries (D component 

of the DMFT index) and missing teeth due to caries 
(M component).

Data analysis

The statistical analyses were performed using 

Statistical Package for the Social Sciences, version 

20.0 (IBM Statistics Inc, Chicago, USA). Simple and 
relative frequencies were 昀椀rst described for untreated 
caries and tooth loss according to the socioeconomic 

variables analyzed. Poisson regression analysis 

with robust variance was performed to estimate 

crude and adjusted prevalence ratios (PR) and 95% 

con昀椀dence intervals (CI) for the occurrence of the 
two outcomes in the different categories of the 

independent variables. The three socioeconomic 

variables were incorporated into the multivariate 

model of both outcomes, regardless of the level of 

signi昀椀cance. Next, the D and M components of the 
DMFT index were described per tooth and simple 
and relative frequencies of the components of the 

index were described per tooth group and arch 

(upper and lower).

Ethical aspects

This study received approval from the Human 

Research Ethics Committee of the Universidade 

Luterana do Brazil (certi昀椀cate number: 702.895) and 
was conducted in accordance with the guidelines 

established by the Declaration of Helsinki. The 

adolescents agreed to participate by signing a 

statement of informed consent prior to beginning 

the data collection process.

Results

The 昀椀nal sample was composed of 652 adolescents 
with schooling ranging from two to 12 years, with 

a mean (SD) of 9.4 (2.0) years, and 65.0% had paid 

employment. Mean (SD) mother’s schooling was 
7.9 (2.8) years and mean (SD) family income was 

R$ 765 (540) US dollars, which corresponds to 

approximately 2.6 times the BMMW. A total of 9.4% 
of the adolescents had never been to a dentist and 

33.4% last visited a dentist more than one year before.

Approximately 70% of the adolescents had caries 

experience (458/652). The DMFT index ranged from 
0 to 14, with a mean (SD) of 2.4 (2.5) and a median 

(25th–75th percentiles) of 2.0 (0–4) decayed, missing 

and 昀椀lled teeth. The prevalence of untreated caries 
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was 39.3% (256/652) and was unequally distributed 

among the socioeconomic strata evaluated. The 

prevalence was signi昀椀cantly higher among adolescents 
with less schooling, in those whose mothers had less 

schooling, and in those from families with a lower 

income. In the multivariate model, the probability 

of having untreated caries was 31% higher when the 

mother had up to 昀椀ve years of schooling (p = 0.025), 
2.6 times higher when the adolescent had less than 

eight years of schooling (p < 0.001), and 59% higher 
among adolescents with eight to ten years of schooling 

(p < 0.001) compared to those with at least 11 years 
of schooling (Table 1).

The prevalence of tooth loss was 9.4% (61/652). 

Forty-昀椀ve adolescents had one missing tooth, 12 had 
two missing teeth, and four had three missing teeth, 

for which a strong socioeconomic gradient was also 

found. The probability of tooth loss was signi昀椀cantly 
higher among adolescents with less schooling and 

in those whose mothers had less schooling. After 

adjusting for confounding variables, independent 

effects were found for both mother’s schooling 

and adolescent’s schooling. The probability of 

tooth loss was 2.3 times higher among adolescents 

whose mothers had less schooling (p = 0.015) 

and 3.3 times higher among adolescents with 

less schooling (p = 0.001) compared to the higher 

schooling categories (Table 2). Paid employment 

among the adolescents and family income were 

not associated with either of the outcomes after 

adjusting for the other variables.

Of the 458 adolescents with caries experience, 

415 (90.6%) had caries experience on the first 

permanent molar, 228 (35.0%) on the second 

permanent molar, and only 12 (2.6%) had no caries 

experience on any molars.

Figure displays the distribution of caries 

experience per tooth. A total of 1,529 teeth had 

caries experience: 565 teeth (36.9%) had untreated 

caries, 81 teeth (5.3%) were missing due to caries, 

and 883 teeth (57.8%) had been filled. A strong 

concentration of caries was found in the 昀椀rst molars, 
followed by the second molars.

The distribution per tooth group demonstrated 

a concentration of untreated caries in lower first 

molars (35.6%), upper 昀椀rst molars (21.6%), and lower 
second molars (20.0%). Only 7% of untreated caries 

were in the anterior teeth. Tooth loss occurred nearly 

exclusively in 昀椀rst molars (98.8%), especially lower 
昀椀rst molars (84.0%) (Table 3).

Table 1. Prevalence, crude and adjusted prevalence ratios (PR) and 95% confidence intervals for untreated dental caries in male 
adolescents from southern Brazil.

Variables n
Untreated caries Crude model Adjusted model

n (%) PR 95%CI p-value PR 95%CI p-value

Mother’s schooling (years)

≤ 5 172 82 (47.7) 1.58 (1.24,2.01) 0.000 1.31 (1.03,1.67) 0.025

6–8 184 80 (43.5) 1.44 (1.13,1.85) 0.003 1.29 (1.01,1.64) 0.042

> 8 269 81 (30.1) 1.00   1.00   

Family income (BMMW)

< 2 142 65 (45.8) 1.28 (1.01,1.62) 0.043 1.03 (0.81,1.30) 0.820

2–3 228 90 (39.5) 1.10 (0.88,1.38) 0.395 0.95 (0.76,1.19) 0.662

> 3 282 101 (35.8) 1.00   1.00   

Schooling (years)

< 8 115 76 (66.1) 2.59 (2.03,3.30) 0.000 2.56 (1.97,3.32) 0.000

8–10 271 112 (41.3) 1.62 (1.26,2.07) 0.000 1.59 (1.23,2.05) 0.000

≥ 11 266 68 (25.6) 1.00   1.00   

Paid employment

No 228 96 (42.1) 1.12 (0.92,1.36) 0.271 0.86 (0.71,1.04) 0.119

Yes 424 160 (37.7) 1.00   1.00   

BMMW: Brazilian monthly minimum wage.
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Table 2. Prevalence, crude and adjusted prevalence ratios (PR) and 95% confidence intervals for tooth loss in male adolescents 
from southern Brazil.

Variables n
Tooth loss Crude model Adjusted model

n (%) PR 95%CI p-value PR 95%CI p-value

Mother’s schooling (years)

≤ 5 172 23 (13.4) 2.77 (1.44,5.31) 0.002 2.30 (1.18,4.50) 0.015

6–8 184 19 (10.3) 2.14 (1.08,4.22) 0.029 1.76 (0.86,3.56) 0.119

> 8 269 13 (4.8) 1.00   1.00   

Family income (BMMW)

< 2 142 11 (7.7) 0.87 (0.44,1.72) 0.697 0.57 (0.26,1.24) 0.160

2–3 228 25 (11.0) 1.24 (0.73,2.09) 0.428 1.07 (0.62,1.86) 0.795

> 3 282 25 (8.9) 1.00   1.00   

Schooling (years)

< 8 115 21 (18.3) 3.74 (1.94,7.20) 0.000 3.28 (1.61,6.65) 0.001

8–10 271 27 (10.0) 2.04 (1.07,3.86) 0.029 1.65 (0.84,3.21) 0.144

≥ 11 266 13 (4.9) 1.00   1.00   

Paid employment          

No 228 16 (7.0) 0.66 (0.38,1.14) 0.138 1.20 (0.68,2.10) 0.534

Yes 424 45 (10.6) 1.00   1.00   

BMMW: Brazilian monthly minimum wage.

Figure. Distribution of caries experience per tooth.
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Discussion

The present study provides a panorama of the 

socioeconomic and intraoral polarization of two 

clinically important oral health outcomes: untreated 

dental caries and tooth loss. The main findings 

were a strong concentration of both outcomes in 

permanent 昀椀rst molars, and adolescents with low 
schooling and those of mother’s with low schooling 

were more affected.

Understanding the relat ionship between 

socioeconomic level and health indicators continues 

to be a challenge, with an emphasis on social 

inequalities and the in昀氀uence of poverty on health 
and wellbeing.17,26 In the present investigation, both 

the mother’s and the adolescent’s schooling were 

associated with untreated caries and tooth loss. It was 

not within the scope of this study to investigate how 

socioeconomic status affects oral health outcomes and 

therefore the mechanism by which more schooling 

protects the individual from these outcomes was 

not identi昀椀ed. However, it is possible that a more 
educated mother has greater care regarding eating 

habits and oral hygiene practices in the family setting 

as well as greater access to, and use of, healthcare 

services.15,16,27 This relationship might be mediated 

by psychosocial factors of individuals and families 

with a better socioeconomic status, such as higher 

perceived seriousness, self-ef昀椀cacy, social support, 
and family cohesion.16,23 It is likely that the education 

level of the mother still in昀氀uenced the oral health of 
these 18-year-old adolescents.

Adolescent’s schooling had a dose-response 

relationship with occurrence of untreated caries 

and high effect estimates regarding tooth loss. It 

is possible that teenagers held back in school or 

those who drop out of school have characteristics 

that favor untreated caries and tooth loss, such 

as worse health behaviors, a lower perception of 

care need, and difficulty controlling their own 

health.15,28,29,30 Although the prevalence of untreated 

caries was higher among adolescents with a 

lower income, this significance was lost after the 

adjustment for other socioeconomic variables. It is 

possible that the trajectory of income in families 

is more strongly associated with untreated dental 

caries than current income, as demonstrated in a 

cohort study involving adolescents from southern 

Table 3. Distribution of decayed (D), missing (M), and filled (F) components of DMFT index according to tooth group in male 
adolescents from southern Brazil.

Tooth
D M F DMFT

N (%) N (%) N (%) N (%)

Upper

2M 45 (8.0) 1 (1.2) 70 (7.9) 116 (7.6)

1M 122 (21.6) 12 (14.8) 274 (31.0) 408 (26.7)

2PM 23 (4.1) 0 (0.0) 25 (2.8) 48 (3.1)

1PM 9 (1.6) 0 (0.0) 20 (2.3) 29 (1.9)

C 5 (0.9) 0 (0.0) 1 (0.1) 6 (0.4)

LI 12 (2.1) 0 (0.0) 13 (1.5) 25 (1.7)

CI 18 (3.2) 0 (0.0) 23 (2.6) 41 (2.6)

Lower

2M 113 (20.0) 0 (0.0) 150 (17.0) 263 (17.2)

1M 201 (35.6) 68 (84.0) 280 (31.7) 549 (35.9)

2PM 11 (1.9) 0 (0.0) 22 (2.5) 33 (2.1)

1PM 2 (0.4) 0 (0.0) 5 (0.6) 7 (0.5)

C 2 (0.4) 0 (0.0) 0 (0.0) 2 (0.2)

LI 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CI 2 (0.4) 0 (0.0) 0 (0.0) 2 (0.2)

Total 565 (100.0) 81 (100.0) 883 (100.0) 1529 (100.0)
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Brazil.18 Having paid employment, which could 

be related to a higher income for the adolescents 

themselves, was not associated with either of the 

outcomes investigated.

The different susceptibility of tooth groups to 

dental caries has been reported elsewhere.21,31,32 

However, the present study draws attention to the 

dimension of the polarization of both outcomes, 

with nearly 90% of untreated caries on a single 

tooth group (molars), especially the 昀椀rst molars. 
Although this polarization may become attenuated 

over time, it will persist throughout life.21 These 

data point to the need for oral health professionals 

and services to direct specific prevention and 

treatment strategies at this tooth group beginning 

in the early school phase. The polarization of 

tooth loss in 昀椀rst molars was even stronger, with 
nearly all missing teeth being from this tooth 

group (especially lower 昀椀rst molars), which is in 
agreement with 昀椀ndings described in previous 
studies.3,33 Permanent 昀椀rst molars are often the 
昀椀rst to emerge and thus are exposed for a longer 
period of time than most teeth, but this may only 

partially explain the greater susceptibility, as those 

are the most common missing teeth throughout 

life.21 Anatomic characteristics and position in 

the arch are additional factors related to a greater 

accumulation of bio昀椀lm and food retention and 
more dif昀椀cult access to adequate hygiene.3,32,33,34

Among the implications of the present findings 

for policies and programs, the strong association 

of schooling (adolescent’s and mother’s) with oral 

health outcomes underscores the need for strategies 

that promote education in primary and high 

school and reduce truancy of adolescents, which 

has repercussions not only for their own health 

but also for their future children. More years of 
education translates into better employment and 

improved self-care and mother/child health.35 Thus, 

the World Health Organization has emphasized 

the need for pregnancy prevention policies in 

adolescence, which is also associated with negative 

health outcomes in mothers that are perpetuated 

in their children.36

Regarding the implications for administrators, 

health services, and dentists, primary, secondary, 

and tertiary prevention protocols should consider 

the impressive concentration of untreated caries and 

tooth loss in permanent 昀椀rst molars. The application 
of sealants, especially in children and adolescents 

with a low socioeconomic status, is among the 

proven cost-effective measures.37 The effectiveness 

of resin sealants stands out as one of the measures 

with the strongest evidence of prevention in oral 

health, reducing the number of decayed surfaces 

on permanent first molars by 88% when applied 

by ten years of age, which could have a very strong 

impact on reducing the overall prevalence of caries in 

adolescents.37,38 Other prevention measures directed 

at schoolchildren at the time of 昀椀rst molars eruption 
should be encouraged, taught, and supported, such as 

reduction in sugar intake and effective individualized 

oral hygiene practices.39,40

The present study has limitations that should 

be considered. The cross-sectional design impedes 

the establishment of a causal relation. However, 

mother’s schooling, unlike family income, is a stable 

variable over time and it is plausible that it preceded 

the outcome, which suggests a protective effect. The 

sample was composed exclusively of male adolescents 

and it is difficult to estimate the extent to which 

this factor may compromise the generalization of 

the results. However, signi昀椀cant differences in the 
frequencies of the exposure and outcome variables 

between sexes are unlikely and estimates would 

probably be similar in teenage girls.

Conclusion

The 昀椀ndings of the present study demonstrate a 
strong polarization of untreated dental caries and 

tooth loss in permanent 昀椀rst molars of adolescents 
with a low level of schooling and whose mothers 

had a low level of schooling. Such 昀椀ndings should 
be considered when planning and implementing 

health strategies and policies on both the individual 

and collective levels.
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