
Abstract
Objective: To know the sequence and chronology of tooth emergence in 
12-year-old schoolchildren in Montevideo, with emphasis on the eruption 
of the second molar in relation to the replacement of the mesially locat-
ed teeth. Materials and methods: This work was based on secondary data 
from a cross-sectional observational study involving 1,136 schoolchildren. 
A questionnaire was administered to collect sociodemographic variables. 
Height and weight were measured for each participant, and BMI was cal-
culated. The clinical examination recorded the erupted permanent teeth. 
Results: The prevalence of altered sequence of eruption was 2.03% (95% 
CI: 1.26–3.31), and eruption delay was 1.6% (95% CI: 0.89–3.2). School-
children whose mothers had fewer than six years of education showed a 
higher prevalence of altered eruption sequence. Overweight schoolchildren 
were 2% less likely to experience delayed emergence of the second per-
manent molar (OR = 0.98; 95% CI: 0.97–0.99; p ≤ 0.01) compared to their 
normal-weight peers. Conclusion: A total of 2.06% of the schoolchildren ex-
hibited an unfavorable eruption sequence, where the second molar erupted 
before the canine or premolars. A slight delay in the eruption chronology 
was observed and associated with nutritional status: overweight and obese 
children showed less delay compared to normal-weight children.
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Introduction
Tooth eruption is the process by which a tooth moves 
from its original position in the jaw or crypt to its emer-
gence in the oral cavity, ultimately reaching its function-
al position.(1,2)

This development stage is particularly important in 
several dental disciplines such as pediatric dentistry, or-
thodontics, oral surgery, and legal and forensic dentistry, 
as it provides a reference for determining chronolog-
ical age and to indicate the biological maturation of 
an individual.(3,4)To study tooth eruption, it is essen-
tial to assess both its chronology—the moment the 

Palabras Clave: “emergencia dentaria”; “cronología de 
erupción”; “secuencia de erupción”; “dentición mix-
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corporal”; “factores sociodemográficos”
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Resumo
Objetivo: Conhecer a sequência e a cronologia da 
emergência dentária em escolares de Montevidéu, 
de 12 anos, com ênfase na erupção do segundo mo-
lar em relação à substituição de dentes localizados 
mesialmente. Metodologia: este trabalho foi baseado 
em dados secundários de um  estudo observacional 
transversal, participaram 1.136 escolares. Foi apli-
cado um questionário para estudo com variáveis ​​so-
ciodemográficas. A altura e o peso de cada indivíduo 
foram medidos e o IMC foi calculado. O exame clínico 
registrou os dentes permanentes irrompidos. Resul-
tados: A prevalência de alteração de sequência foi de 
2,03% (IC 95%: 1,26-3,31) e o atraso foi de 1,6% (IC 
95%: 0,89-3,2) do surgimento dentário. Escolares 
cujas mães tinham menos de 6 anos de escolaridade 
tiveram maior prevalência da alteração de sequên-
cia. Escolares com excesso de peso tiveram 2% me-
nos chances de apresentar atraso no surgimento do 
segundo molar permanente (OR= 0,98 (0,97-0,99) 
p≤0,01) do que escolares com peso normal. Conclu-
são: 2,06% dos escolares apresentaram sequência 
desfavorável em que o segundo molar irrompeu antes 
dos caninos ou pré-molares. Os escolares apresenta-
ram um pequeno atraso na cronologia de erupção e 
isso foi relacionado ao estado nutricional; as crianças 
com sobrepeso e obesidade apresentaram um atraso 
menor em comparação às crianças com peso normal.

Resumen
Objetivo: Conocer la secuencia y cronología de la 
emergencia dentaria en escolares montevideanos de 
12 años, con énfasis en la erupción del segundo mo-
lar en relación con el recambio de las piezas ubica-
das mesialmente. Metodología: este trabajo se basó 
en datos secundarios de un estudio observacional 
transversal, participaron 1136 escolares. Se aplicó un 
cuestionario para estudio con variables sociodemo-
gráficas. Fue medida la altura y el peso de cada indivi-
duo y calculado el IMC. El examen clínico registró las 
piezas dentarias permanentes erupcionadas. Resul-
tados: La prevalencia de la alteración de la secuencia 
fue 2,03% (IC 95%:1.26-3.31) y el retraso el 1,6% (IC 
95%:0.89-3.2) de la emergencia dentaria. Los esco-
lares con madres con menos de 6 años de escolari-
dad presentaron mayor prevalencia en la alteración 
secuencia. Los escolares con sobrepeso presenta-
ron un 2% menos probabilidad de tener retraso en 
la emergencia del segundo molar permanente (OR= 
0,98 (0,97-0,99) p≤0,01) que aquellos escolares con 
normopeso. Conclusión: El 2.06% de los escolares 
presentó una secuencia desfavorable en donde el se-
gundo molar erupcionó antes que canino o premola-
res. Los escolares presentaron un pequeño retraso en 
la cronología de erupción y este se relacionó con el 
estado nutricional, los niños con sobrepeso y obesi-
dad muestran un menor retraso en comparación con 
los niños normopeso.

tooth appears in the oral cavity, expressed in months 
or years—and the sequence of eruption, the order in 
which the teeth erupt.

Regarding the eruption timing of permanent teeth, 
several general factors have been shown to influence 
it, including sex, ethnicity or race, systemic and heredi-
tary factors, as well as local factors such as place of res-
idence, caries experience, socioeconomic status, fluoride 
exposure, and nutritional conditions.(3,5–7) The most fre-
quently observed sequence of eruption in the upper jaw 
is 6-1-2-4-3-5-7 or 6-1-2-4-5-3-7, while in the lower jaw 
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the most common patterns are 6-1-2-3-4-5-7 or 6-1-2-
4-3-5-7.(1,2,5) The most unfavorable sequence—due to 
the potential shortening of the dental arch perimeter—
occurs when the second permanent molar erupts before 
the canine or premolars. This may exert mesial pressure 
on the first molar and lead to space deficiency, compro-
mising the proper positioning of the above teeth.(1,2)

At the age of 12—which is the reference age for epi-
demiological studies(8)—a complete permanent dental 
arch, excluding third molars, is expected. However, local 
factors such as physical obstructions to eruption (odon-
tomas, supernumerary teeth, etc.), trauma, or prema-
ture loss of a primary tooth can accelerate or delay the 
eruption of its successor. Systemic conditions may also 
interfere with the normal eruption sequence, potentially 
leading to occlusal alterations.(9,10)

At national level, no studies have described the chron- 
ology or sequence of dental emergence in Uruguayan 
schoolchildren. 

The objective of this study was to assess the sequence 
and chronology of dental emergence in 12-year-old 
schoolchildren from Montevideo using secondary data, 
with particular emphasis on the eruption of the second 
molar relative to the replacement of the mesially posi-
tioned teeth. The study also aimed to explore associations 
with various sociodemographic and biological indicators.

orthodontic treatment (928 from state schools and 
208 from private schools).

DATA COLLECTION
A structured questionnaire was administered to the 
children’s families, collecting information on socio-
economic variables and access to health services. A 
second questionnaire was completed by the children, 
addressing oral hygiene habits and diet.

Anthropometric measurements were taken. Height 
was measured with children barefoot and wearing 
light clothing, using a measuring tape placed perpen-
dicular to the floor against a wall without a baseboard. 
Weight was measured twice using a digital scale, and 
the average of the two readings was recorded.

Clinical examinations were performed in a class-
room adapted for the study, with the children in a su-
pine position. The examination used mirrors, cotton 
tweezers, and a CPI/WHO probe, along with cotton 
rolls and portable lamps to ensure a dry and well-lit 
working field. All erupted permanent teeth were re-
corded. A tooth was considered to have erupted if it 
had broken through the gingiva and was visible in the 
oral cavity. The criteria described by Carvalho (12) were 
used to determine the eruption status of the second 
permanent molars.

TRAINING AND REPRODUCIBILITY
The examiners received both theoretical and practical 
training for the clinical recordings. Theoretical and il-
lustrative sessions were held using photographs to dis-
cuss the eruption stages of the second molars. Practical 
training was then conducted with patients to evalu-
ate the timing, sequence, and registration of the clinical 
examination.

DATA ANALYSIS
The outcome variable was defined as the expected se-
quence and chronology of dental eruption at age 12, 
based on the presence or absence of the second molar 
in relation to the mesially located permanent teeth at 
the time of examination. It was considered an alteration 
in the eruption sequence when the second molar was 
present and at least one of the mesial permanent teeth 
was absent in any quadrant. A delay in eruption was de-
fined when none of the second molars had erupted into 
the oral cavity.

Explanatory variables included sociodemograph-
ic characteristics such as sex (female/male), type of 

STUDY DESIGN
This study used secondary data from a cross-sec-
tional and analytical observational study on the preva-
lence and experience of dental caries in 12-year-old 
schoolchildren,(11) conducted between August 2011 
and July 2012 in Montevideo, Uruguay.

POPULATION AND SAMPLE
The schoolchildren included in the study attended pub-
lic and private schools in Montevideo. A sample of 1,235 
children was estimated, based on a caries prevalence of 
60%, a 95% confidence level, a precision of ±4%, and 
an anticipated non-response rate of 30%. A stratified 
probability sample was designed according to the type 
of school, based on enrollment data from the last two 
school years (5th and 6th grade). As a result, 16% of 
the children were enrolled in private schools and 84% 
in state schools. A total of 1,733 schoolchildren born in 
1999 and/or 2000 were invited to participate; 1,154 
children were examined, and 1,136 were ultimately in-
cluded in the analysis after excluding those with fixed 

Methodology
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school (public/private), and maternal education level 
(<6 years, 7–11 years, ≥12 years). Nutritional status was 
also considered, using the 2007 WHO child growth stan-
dards.(13) Body mass index (BMI) was calculated by di-
viding weight (kg) by the square of height (m). Based on 
BMI and according to WHO 2007 cut-off points, children 
were categorized by sex into: normal weight (z-score 
<1), overweight (z-score between 1 and 2), obesity 
(z-score ≥2), and severe obesity (z-score ≥3), using the 
classification table by Fernandez et al.(14)

For statistical analyses, a post-calibration of the data 
was carried out using a weighting variable to adjust for 
any discrepancies in school selection probability, popu-
lation distribution by sex and school type (public or pri-
vate), and the participation rate of each school.(11)

The prevalence of altered sequence and delayed 
eruption was reported as percentages with their corre-
sponding 95% confidence intervals (CI). Associations 
were analyzed using contingency tables, and statisti-
cal significance was tested at the 5% level using the Chi-
square test. The strength of the association between the 
explanatory variables and the prevalence of altered den-
tal eruption was evaluated through logistic regression 
models. Variables with a p-value < 0.20 in the bivariate 
(unadjusted) analysis were included in the multivariate 
(adjusted) model. Finally, only variables with a p-value ≤ 
0.05 were considered statistically significant.

ETHICAL CONSIDERATIONS
This study was evaluated and approved by the Ethics 
Committee of the Faculty of Dentistry of UDELAR (Exp. 
091900-000028-22). Parents or legal guardians of the 
participating schoolchildren provided informed consent 
for the oral examination and completed a structured 
questionnaire.

Results
A total of 1,136 schoolchildren participated in the study; 
53.1% were girls, and 77.2% attended public schools. 
Regarding maternal education, 25.5% of schoolchildren 
had mothers with less than 6 years of schooling, 36.8% 
between 7 and 11 years, and 37.7% with 12 or more 
years. As for nutritional status, 63.1% of the children 
had normal weight, while 36.9% were classified as over-
weight (24.4%) or obese (12.5%) (Table 1).
The presence of the second molar by quadrant was 
53.2% in quadrant 1, 53.7% in quadrant 2, 65.9% in 
quadrant 3, and 64.9% in quadrant 4, with lower mo-
lars being approximately 12% more frequent than up-
per molars.

The prevalence of altered eruption sequence was 

2.03% (95% CI: 1.26–3.31), defined as the presence of 
the second molar and the absence of a mesially locat-
ed tooth (canine or premolar) in at least one quadrant. 
Regarding eruption chronology, 1.6% (95% CI: 0.89–
3.2) of schoolchildren presented a delay in eruption in 
at least one quadrant.

The association between the prevalence of altered se-
quence and eruption delay with explanatory variables 
is presented in Table 1. It was found that schoolchil-
dren whose mothers had less than 6 years of schooling 
showed a higher prevalence of altered dental sequence 
[57.9% (95% CI: 31.0–81.0)] than those whose moth-
ers had 7–11 years [29.7% (95% CI: 11.0–58.6)] and 
≥12 years of schooling [12.4% (95% CI: 3.9–32.3)], with 
p=0.012. Regarding eruption chronology, overweight 
and obese schoolchildren had a lower prevalence of sec-
ond molar eruption delay, at 9.9% (95% CI: 2.8–30.4) 
and 3.6% (95% CI: 0.7–15.3), respectively, compared 
to 86.5% (95% CI: 64.2–96.7) in children with normal 
weight, with p=0.011.

Upon analyzing the strength of association with the 
delayed eruption, overweight schoolchildren were 2% 
less likely to present delayed eruption of the second 
permanent molar (OR = 0.98 [95% CI: 0.97–0.99]; p ≤ 
0.01), whereas obese schoolchildren showed no signif-
icant difference compared to those with normal weight 
(OR = 1.00 [95% CI: 0.99–1.01]; p = 0.08), in both the 
unadjusted and adjusted analyses (Table 2). On the 
other hand, no statistically significant association with 
altered second molar emergence was found in the ad-
justed model (non-reported data).

Discussion
This study is the first to report, at the population lev-
el, the sequence and chronology of dental emergence 
in 12-year-old schoolchildren. At this age, a complete 
permanent dentition—excluding third molars—is ex-
pected. However, this population showed an eruption 
delay of 1.6% (95% CI: 0.89–3.2), and an alteration in 
eruption sequence of 2.03% (95% CI: 1.26–3.31).

This research was based on a secondary analysis of 
a population sample originally calculated for the prev-
alence of dental caries, which may represent a limita-
tion in relation to this work’s objective. Nevertheless, the 
sample of 1,136 schoolchildren was more than adequate 
to analyze the delay and alteration in dental emergence. 
Similarly, when evaluating BMI in this dataset, results 
were consistent with those reported by Estragó et al.(13) 
who analyzed arterial hypertension and nutritional sta-
tus in Montevideo schoolchildren aged 10 to 13 years, 
and found that 39.9% were overweight or obese.

Regarding the sequence of eruption and sex, previ-
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ous studies have reported varying results, particularly in 
the eruption sequence of posterior teeth. Nevertheless, 
most studies agree that the second molar is typically the 
last to erupt. In this study, it was not possible to estab-
lish the complete eruptive sequence among the school-
children, as the population had a narrow age range, with 
a mean age of 12 years and 22 months (95% CI: 12.20–
12.24), and only one clinical examination was conduct-
ed.  Therefore, only one alteration could be identified 
concerning the emergence of the second molar: 2.03% 
of the population presented a less favorable sequence 
for maintaining arch perimeter, in which the second mo-
lar emerged before the mesially located teeth in at least 
one quadrant. No statistically significant association 
was found with sex (Table 1). A cross-sectional study by 
Bayrak et al. in a population aged 5 to 15 years reported 
a similar alteration in the maxilla, with the second molar 
erupting before the second premolar in 1.9% of cases. 
In the mandible, this figure was 16.7% (5). This discrep-
ancy may partly be explained by the use of Carvalho’s 
criteria (12) in this study, where a tooth was considered 
to be erupted when one-third of its occlusal surface was 
visible in the oral cavity—potentially leading to a slight 
underestimation of the true prevalence.

When analyzing sociodemographic factors and their 
relationship with eruption chronology, no statistical-
ly significant association with sex was found (p = 0.07) 
(Tables 1 and 2). This may be due to the standardized 
reference age of 12 years, at which point a complete 
permanent dentition is expected in both sexes. However, 
the literature remains divided: some authors report ear-
lier eruption in females, while others have found certain 
posterior teeth to erupt earlier in males. Notably, many 
of these studies were based on wider age ranges.

Socioeconomic status in this study was assessed us-
ing the variables “type of school” and “maternal school-
ing.” No statistically significant association was found 
between school type and either the eruption sequence 
or chronology (Tables 1 and 2). This aligns with find-
ings by Kaur et al. (15), who also reported no significant 
difference in eruptive delay between children from pub-
lic and government schools, despite the latter being of 
lower socioeconomic status.

In contrast, only 12.4% (95% CI: 3.9–32.3) of school-
children whose mothers had ≥12 years of education 
presented at least one quadrant with altered second 
molar emergence (i.e., before canines or premolars), 
compared to those whose mothers had fewer years of 
education (p = 0.012). A possible explanation for this 
finding is that children with more educated mothers 
may experience fewer caries lesions and related com-
plications in their primary dentition, thereby reducing 

premature tooth loss or other local factors that might 
delay eruption of the successor teeth mesial to the sec-
ond molar.

It has also been suggested that individuals from 
higher socioeconomic backgrounds tend to exhibit ear-
lier dental development (16), likely due to better access to 
healthcare and improved nutritional status. Still, the lit-
erature remains inconsistent. For example, Kutesa et al. 
found no statistically significant association between so-
cioeconomic status and eruption timing, while Oziegbe 
et al. (17) observed earlier eruption of maxillary and man-
dibular incisors in children from higher socioeconom-
ic levels, but paradoxically reported delayed emergence 
of the upper second molar and the mandibular second 
premolar and molar in comparison to children from 
middle socioeconomic backgrounds.

A systematic literature review (18) found a positive cor-
relation between overweight/obesity and earlier tooth 
eruption. Although only two studies were included in 
the exploratory meta-analysis, they showed that obese 
12-year-old children were likely to have one more erupt-
ing tooth than their peers, with a standardized mean dif-
ference of 0.99 (95% CI: 0.63–1.35). Wong et al. (19) also 
found this association in their cross-sectional study of 
12-year-old children, where overweight and obese chil-
dren had a significantly higher number of erupted per-
manent teeth compared to their normal-weight peers. 
In this study, the association between BMI and dental 
emergence was evaluated in terms of eruption delay. A 
significantly lower prevalence of delayed eruption was 
observed among overweight (9.9%, 95% CI: 2.8–30.4) 
and obese children (3.6%, 95% CI: 0.7–15.3) compared 
to children with normal weight (Table 1). Furthermore, 
overweight schoolchildren were 2% less likely to present 
delayed eruption of the second molars than those with 
normal weight, with an odds ratio of 0.98 (95% CI: 0.97–
0.99) (Table 2).
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Table 1 Sample distribution, prevalence of altered sequence and delayed eruption (%) of the second permanent molar 
by explanatory variables in 12 year old schoolchildren in Montevideo, Uruguay (n=1136)

Sequence of Eruption Alteration Delayed Eruption

n (%) ⴃ % Without  
alteration, CI 95%

% With alteration, 
CI 95% pŧ % without delay,

 CI 95%
% With delay,

CI 95% pŧ

Sex

Female 596 (53,1) 52,9 (48,7-57,0) 64,2 (38,2-84,0)
0,33

52,5 (49,1-57,2) 70,9 (47,8-87,3)
0,07

Male 540 (48,9) 47,1 (43,7-51,0) 35,7 (16,1-62,1) 47,5 (43,4-51,2) 29,1 (13,4-52,8)

Type of school

Private 208 (22,8) 23,8 (11,5-41,0) 14,7 (3,8-47,3)
0,43

22,9 (11,2-41,3) 11,7 (2,1-45,3)
0,31

State 928 (77,2) 76,2 (56,9-89,3) 85,3 (53,1-97,2) 77,1 (58,6-89,2) 88,3 (55,8-98,5)

Escolaridad materna (*)

˂6 años 324 (25,5) 24,8 (17,1-35,0) 57,9 (31,0-81,0)

0.012

25,4 (17,9-35,2) 31,2 (10,5-65,7)

0,617-11 años 446 (36,8) 36,9 (29,1-44,7) 29,7 (11,7-58,3) 37,0 (30,2-45,1)   24,5 (8,1-54,7)

≥ 12 años 324 (37,7) 38,2 (25,9-52,0) 12,4 (3,9-32,3) 37,6 (25,6-51,2) 44,3 (14,4-79,3)

BMI (Z-score) (*)

Normal weight ˂1 697 (63,1) 63,2 (57,8-68,0) 56,5 (28,7-81,0)

0,16

62,7 (57,8-67,2) 86,5 (64,2-96,7)

0,011Overweight 1-2 268 (24,4) 24,6 (20,6-29,0) 12,7 (2,5-45,7) 24,6 (20,3-29,8)   9,9 (2,8-30,4)

Obesity ≥ 2 152 (12,5) 12,1 (9,8-15,1) 30,8 (9,7-65,0) 12,7 (10,6-15,6)  3,6 (0,7-15,3)

Table 2 Association between the prevalence of delayed eruption of the second permanent molar and explanatory variables in 12 
year old schoolchildren from Montevideo, Uruguay (n=1136)

Undjusted Analysis Adjusted Analysis
OR (CI 95%) p OR (CI 95%) p

Sex
Female Ref. Ref.
Male 0,98 (0,97-1,00) 0,09 0,99 (0,98-1,00) 0,07
Type of school
Private Ref.
State 1.01 (0.99-1.02) 0,23
Material education (*)

˂6 years Ref.
7-11 years 0,99 (0,98-1,01) 0,95
≥ 12 years 1.00 (0.99-1.02) 0,30

BMI (Z-score) (*)

Normal weight ˂1 Ref. Ref.

Overweight 1-2 0,98 (0,97-0,99) <0,01 0,98 (0,97-0,99) <0,01
Obesity ≥ 2 1,00 (0,99-1,01) 0,08 1,00 (0,99-1,01) 0,08

(*) Missing data (OR) Odds Ratio (IC) Confidence Interval

(*) Missing data (ⴃ) Expanded population percentage (IC) Confidence Interval (ŧ) Wald Chi-square test
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Conclusions
Twelve-year-old schoolchildren from Montevideo showed a 2.03% prevalence (95% CI: 
1.26–3.31) of an unfavorable dental emergence sequence (specifically, the second mo-
lar emerging before the canine or premolars) This finding should be considered in clinical 
practice to help preserve arch perimeter during the second transitional phase and prevent 
mesial drift of the posterior teeth, which can compromise the space required for the erup-
tion of lateral teeth.

While 1.6% of the children (95% CI: 0.89–3.2) exhibited delayed dental emergence, 
indicating that the permanent dentition was not yet complete at this age. A statistically 
significant association was found between the chronology of second molar eruption and nu-
tritional status: overweight and obese children showed a lower prevalence of delayed erup-
tion than those with normal weight.

Obtaining a more comprehensive understanding of the sequence and timing of dental 
emergence in the Uruguayan population requires evaluations beginning at earlier ages and 
extending over longer periods of time. As such, longitudinal studies are recommended.

Clinical monitoring of the sequence of dental eruption is advised between the ages of 10 
and 11 years, particularly in children with overweight or obesity, to detect possible al-
terations in eruption patterns.
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