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Abstract
Objective: to describe the behavior, distribution, and severity of lesions on the occlusal surfaces 
of the second permanent molars. Relate it to its stage of eruption and presence of activity in the 
rest of oral cavity.
Methodology: A descriptive study was conducted in a convenience sample of 100 adolescents of 
both sexes (mean age = 13.39 ± 0.94 years). The parents answered a questionnaire on socioeco-
nomic characteristics and general health, and the adolescents, one on food and hygiene habits. 
Two calibrated examiners recorder caries according to ICDAS II on examined all all the dental 
surfaces. They also mapped the occlusal surface and eruption stage of the second permanent 
molars.
Results: the prevalence of caries was 97%, and the extension (modified DMFT) was 8.45 ± 5.10. 
Eighty-two percent of the adolescents with caries experience had active lesions, and 62% of those 
with caries had lesions only on the occlusal surfaces of the second permanent molars. A higher 
prevalence of active caries lesions was observed in eruption stages I and II of the second perma-
nent molars. The most affected sites were the central and mesial fossa and the central and distal 
fossa.
Conclusions: Active molar eruption entails a risk stage that should be considered when prioriti-
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Resumen
Objetivo: describir el comportamiento, dis-
tribución y severidad de las lesiones de caries 
en las superficies oclusales de los segundos 
molares permanentes. Relacionarlo a su eta-
pa de erupción y presencia de actividad en el 
resto de la cavidad bucal.
Metodología: Se realizó un estudio descrip-
tivo en una muestra de conveniencia de 100 
adolescentes, de ambos sexos, (edad prome-
dio=13,39±0,94 años). Los padres respondie-
ron un cuestionario sobre aspectos socioeco-
nómicos y salud general y los adolescentes 
sobre dieta y hábitos de higiene. Dos exami-
nadoras calibradas realizaron el examen clí-
nico de acuerdo a los criterios de ICDAS II en 
todas las superficies erupcionadas, así como 
el mapeo de la cara oclusal y la etapa de erup-
ción de los segundos molares permanentes.
Resultados: la prevalencia de caries fue de 
un 97% y la extensión (CPOD modificado) de 
8,45± 5,10. El 82% de los adolescentes con 
experiencia de caries presentaba lesiones ac-
tivas y el 62% de los carioactivos presentaban 
lesiones únicamente en las caras oclusales de 
los segundos molares permanentes. Se obser-
vó mayor prevalencia de lesiones de caries 
activas en los estadíos I y II de erupción de los 
segundos molares permanentes, siendo los si-
tios más afectados  la fosa central y mesial  y 
la fosa central y distal, respectivamente.
Conclusiones: La erupción activa de molares 
significa una etapa de riesgo para las personas 
que debe ser considerada al momento priori-
zar y establecer programas de salud bucal.

Palabras clave: caries oclusales, actividad de 
caries, erupción dentaria, segundos molares 
permanentes.

Palavras-chave: : cárie oclusal, atividade de 
cárie, erupção dentária, segundos molares 
permanentes.

Resumo
Objetivo: descrever o comportamento, distri-
buição e severiidade das lesões de cárie nas 
superfícies oclusais dos segundos molares 
permanentes. Relacionar com seu estágio de 
erupção e presença de atividade no resto da 
cavidade oral.
Metodologia: Foi realizado um estudo descri-
tivo em uma amostra de conveniência de 100 
adolescentes, de ambos os sexos, (média de 
idade = 13,39 ± 0,94 anos). Os pais responde-
ram um questionário sobre aspectos socioe-
conômicos e de saúde geral e os adolescentes 
sobre alimentação e hábitos de higiene. Dois 
examinadores calibrados realizaram o exame 
clínico de acordo com os critérios do ICDAS 
II em todas as superfícies erupcionadas, além 
de mapear a superfície oclusal e o estágio de 
erupção dos segundos molares permanentes.
Resultados: a prevalência de cárie foi de 97% 
e a extensão (CPOD modificado) de 8,45 ± 
5,10. 82% dos adolescentes com experiência 
de cárie tinham lesões ativas e 62% dos ca-
rioativos tinham lesões apenas nas superfícies 
oclusais dos segundos molares permanentes. 
Maior prevalência de lesões de cárie ativas foi 
observada nos estágios I e II de erupção dos 
segundos molares permanentes, sendo os lo-
cais mais acometidos a fossa central e mesial 
e a fossa central e distal, respectivamente.
Conclusões: A erupção ativa de molares re-
presenta uma etapa de risco para as pessoas 
que deve ser considerada na priorização e es-
tabelecimento de programas de saúde bucal.
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Introduction
Dental caries is a multifactorial, noncommu-
nicable, and socially modulated disease.(1) It 
is among the ten most prevalent noncommu-
nicable diseases worldwide.(2,3) However, a 
decrease in its prevalence has been observed 

in different populations and age groups sin-
ce the mid-1970s.(4,5) Uruguay has experien-
ced the same trend in the population aged 
12, with a 34.75% decline in the prevalence 
of dental caries found when comparing the 
1999 and 2010 epidemiological studies.(6)



 In addition to the decline in prevalence, the se-
verity of carious lesions has decreased.(7-9) This 
phenomenon is attributed to the increased bioa-
vailability of fluorides in the oral environment 
(3,4,10) associated with the widespread use of too-
thpaste. Fluoride in the oral environment helps 
slow down the progression of lesions, with long 
periods of time observed between the detection 
of the initial lesion (IL), the active non-cavitated 
lesion (ANCL), and the cavitation. In low-pre-
valence populations, ANCLs can be the only 
clinical manifestation of the disease (20% of 
the population),(11,12) giving rise to the need for 
specific and more sensitive diagnostic criteria.  
The decreasing prevalence and the slowing down 
of lesion progression simultaneously change the 
distribution pattern of the lesions. The occlu-
sal surfaces of permanent molars are the sites 
most susceptible to caries in children and ado-
lescents.(13) In 1989, Carvalho et al. showed the 
relationship between the eruption period of 
the first molars, their functional stage, as well 
as the specific dental anatomy, the presence/
amount of dental biofilm, and caries activity in a 
population with low prevalence.(12,13) The period 
of active eruption of molars (from their emer-
gence into the oral cavity until they have made 
contact with the antagonist molar) stands out 
as a time of high risk for developing carious le-
sions. Therefore, the period of life that includes
the active eruption of permanent molars is consi-
dered a “risk age” for developing carious lesions 
(12-14). Some researchers have recently included it 
as a specific risk factor in children/adolescents.(15)  
Early detection of carious lesions, particularly in 
these risk periods, is a great challenge for clinical 
dentistry since it helps control the progression 
of the disease, delaying the need for invasive 
treatments, thus preventing patients from en-
tering into a continuous restorative cycle.(11,13,14)

This study aims to describe the carious le-
sions on the occlusal surfaces of the second 
permanent molars and their eruption stage 
in a population of adolescents in Montevideo. 

To describe their severity and distribution 
concerning the dental anatomy and correla-
te the findings and the presence or absence 
of caries activity in the rest of the oral cavity.

Materials and method
This cross-sectional, descriptive study results 
from a convenience subsample (n = 100) from 
the Project “Oral health care program based on 
the control of caries and periodontal diseases 
in adolescents: a controlled clinical trial” (No. 
091900-000016-16) of the School of Dentistry, 
UdelaR, conducted in a socioeconomically di-
sadvantaged community. This project included 
adolescents from the first and second years of 
basic secondary school aged between 12 and 14.

Data collection
Data were obtained from two structured ques-
tionnaires and the clinical examination. Parents 
and/or legal representatives provided the data 
on general health, socioeconomic status, so-
ciodemographic characteristics, and access to 
health services. The adolescents completed a 
questionnaire to learn about oral health habits 
and behaviors. Adolescents taking chronic medi-
cation that might reduce salivary flow and those 
who were unable to perform oral hygiene inde-
pendently or did not respond to the inquiry in 
the first three calls were excluded from the study.
The clinical examination was performed at the 
school attended by the adolescents by two trai-
ned and calibrated examiners (LA, AF). The pro-
cedure was conducted on exam tables, with the 
adolescent laying supine, using artificial light, a 
mirror, and a CPI periodontal probe, following 
the necessary biosafety guidelines to avoid 
cross-infection. Intra-examiner Kappa values 
were 0.78 for AF and 0.89 for LA. The inter-exa-
miner value was 0.79.
Data from the clinical examination were recor-
ded in a systematized manner: 

1) Visible Plaque Index (VPI) recorded for all 
teeth present;
2) stage of eruption of the second molars recor-
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ded according to the criteria in Carvalho J.C., Eks-
trand K.R., and Thylstrup A., 1989 (unerupted 
molar = 0; the occlusal surface partially erupted 
= I; the occlusal surface fully erupted, but more 
than half of the facial surface was covered with 
gingival tissue = II; the occlusal surface was 
erupted, and less than half the facial surface was 
covered with gingival tissue = III; eruption com-
plete = IV, molar in full occlusion);
3) Biofilm was recorder on the occlusal surface 
of the second molars mapped according to the 
anatomical sites of the same author (no visible 
plaque “0”, hardly detectable plaque, restricted 
to grooves and fossae “1”, plaque easily noticea-
ble in grooves and fossae “2”, and occlusal surfa-
ce partially or totally covered with plaque “3”;(14)

4) Gingival Bleeding Index (GSI) was recorded 
for all teeth.(16) Biofilm was removed mechanica-
lly with a toothbrush from all tooth surfaces for 
the clinical visual-tactile diagnosis of carious le-
sions. The surface was dried using cotton gauze 

and illuminated with artificial LED light.
The ICDAS II (International Caries Detection and 
Assessment System) criteria(18) were used to 
describe the severity of the lesions as follows: 
sound surface (ICDAS “0”), non-cavitated lesion 
(ICDAS “1”+“2”), cavity in enamel (ICDAS “3”), 
shadow lesion (ICDAS “4”), and cavity in dentin, 
CL, (ICDAS “5”+“6”). The lesions were then clas-
sified based on this diagnosis as initial (non-ca-
vitated lesion): IL, moderate (cavitated lesion in 
enamel + shadow lesion): ML, and severe (cavity 
in dentin): SL.
We recorded the carious lesions in each anatomi-
cal site of the occlusal surface of the upper and 
lower second molars in detail and mapped them 
in the first permanent molars adapting the cri-
teria used by Carvalho et al. 1989 (Figure 1).(14)

Lesion activity was classified according to clinical 
features such as surface roughness and light re-
flection, following the criteria in Nyvad et al.(18) 
Filled and missing surfaces were recorded.

Figure 1: Mapping of the occlusal surface of second molars.

A Upper and B Lower. Sites: 1,2, and 3 mesial, central and distal fossa; 4 and 6 sulcus connecting 
the fossae (red and blue line, respectively); 5, 7 and 8 groove connecting fossa to smooth surfaces 

(green, orange and purple line, respectively). Adapted from the criteria in Carvalho et al., 1989.

Data analysis

The data were entered into conditional electro-
nic spreadsheets (LibreOffice software), and the 
data were kept confidential. Descriptive analyses 
of all variables were performed. The prevalence 
of caries was defined as the percentage of indivi-

duals who had at least one cavitated or non-cavi-
tated carious lesion, regardless of the diagnosis 
of activity. The extent of the disease was calcula-
ted based on the modified DMFT index according 
to the described criteria (sum of decayed, cavi-
tated or non-cavitated, missing, and filled teeth). 
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Stratified bar charts were used to describe the 
lesions in the upper and lower second molars by 
site and degree of eruption. 
All analyses were performed using R Core Team 
2012 software.
Ethical considerations: The study followed the 
guidelines issued by the MERCOSUR Medical 
Ethics Committee, and it was approved by the 
Ethics Committee of the School of Dentistry un-
der number 091900-000016-16. All participants 
and/or their legal guardians signed the assent 
and informed consent.
The adolescents involved were instructed on oral 
hygiene and received a hygiene kit (toothbrush, 
dental floss, and fluoride toothpaste). They were 
also given a written report on their oral health 
and were treated at the school.

Results
The adolescents examined were in the first and 

second grades of secondary education (51 and 
49 students, respectively). The average age was 
13.39 ± 0.94 years, and 51 of them were female. 
Almost all the adolescents examined (n = 97) had 
at least one carious lesion (cavitated or non-ca-
vitated), regardless of activity. Of those, 82 ado-
lescents had at least one active caries lesion, 
and among them, 62% (n = 51) only had active 
lesions on the occlusal surfaces of the second 
permanent molars. No differences were found by 
sex. Additionally, only 41 adolescents had at least 
one cavitated carious lesion.
The mean modified DMFT (sum of the number of 
teeth with cavitated or non-cavitated carious le-
sions, missing teeth, and filled teeth) was 8.45 ± 
5.10. Considering only teeth with active carious 
lesions, the modified DMFT was 5.19 ± 4.51, 
and 1.76 ± 2.13 when counting only teeth with 
cavitated lesions.

Table 1: Eruption stage of permanent second molars.

Despite the average age of the sample studied, 
only 49 adolescents had their four second mo-
lars fully erupted (stage IV), 25 of whom were fe-
male. Seven adolescents had no erupted molars 
(four of whom were male).
Table 1 shows the eruption stages of perma-
nent second molars in the population studied. 
Sixty-two second molars were unerupted, 36 
in the upper jaw and 26 in the lower jaw (58% 
and 42%). Eruption stages I and II were found in 
approximately the same number of second mo-
lars (32 and 33, respectively). However, 72% of 

those in eruption stage I were lower molars, whi-
le 61% of those in eruption stage II were upper 
molars. Finally, 212 second molars, in equal 
proportion in the upper and lower jaw, were in 
eruption stage IV (Table 1).
A total of 337 occlusal surfaces were mapped, 
164 for upper molars and 173 for lower molars. 
Figures 2 and 3 show the distribution of carious 
lesions (severity and activity) by occlusal surface 
planimetry in the different eruption stages of the 
upper and lower molars.
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Figure 2: Distribution of carious lesions in the upper second permanent molars (n = 164), 
by eruption stage, in the eight sites detailed by Carvalho et al. in the occlusal surface plani-

metry.

The central fossa is the anatomical site most 
affected by caries when the molar is in stage I of 
eruption (molar with the occlusal face partially 
erupted), (site 2), followed by the mesial fossa 
(site 1) and the groove extending from the cen-
tral fossa towards the facial surface (site 5). The 
carious lesions observed were exclusively active 
initial lesions (AIL) (Figure 2). The lesions diag-
nosed in eruption stage II continued to be mostly 
AILs and were predominantly located in site 2, 

followed by sites 5, 3, and 1.  
In eruption stage III, however, the number of 
AILs decreased, and the sound surfaces and in-
active initial lesions (IIL) increased. When full 
occlusion was reached in stage IV, the number 
of sound sites and IILs continued to be widely 
prevalent, and sealants and restorations were 
observed. Active ML and SL were observed to a 
lesser extent in sites 2, 3, 7, and 8.

Figure 3: Distribution of carious lesions in the lower second permanent molars (n = 173), 
by eruption stage, concerning the eight sites detailed by Carvalho et al. in the occlusal surfa-

ce planimetry.
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Figure 3 shows the distribution of AILs in the di-
fferent sites of the occlusal surface of lower mo-
lars. The behavior of the lesions was similar to 
that observed in the upper molars in stages I and 
II. Although in stage III most of the sites were 
diagnosed as healthy or with IILs, sealants and 
restorations were observed, unlike the upper si-
tes.
Healthy sites and IILs prevailed in stage IV, and 
ML and/or SL were observed in all analyzed si-
tes, unlike in the upper molars.

Discussion
A higher prevalence of active carious lesions was 
found in the population studied in eruption sta-
ges I and II of the second permanent molars, pre-
dominantly in the anatomical sites of the occlu-
sal surface where more biofilm is accumulated. 
The most affected sites in stages I and II were 
the central and mesial fossa (sites 2, 1) and the 
central and distal fossa (sites 2, 3). An unexpec-
ted finding was that 62% of the adolescents with 
caries only had active carious lesions on the oc-
clusal surface of the second molars. This showed 
that the prevalence of cavitated carious lesions 
is low for subjects in this age group, from a so-
cioeconomically disadvantaged community, with 
access to fluoridated salt and toothpaste.  
The period starting immediately after the on-
set of eruption and ending when full occlusion 
is achieved has been identified as a predictor of 
caries, mainly for permanent molars.(19) It varies 
according to the molar studied: two or three 
years for the first and second permanent molars.(19)

In this study, 62% of the adolescents with caries 
had AILs on the occlusal surfaces of the second 
molars during active eruption as the only mani-
festation of dental caries. Therefore, two aspects 
must be considered: the systematization of the 
diagnosis of non-cavitated lesions (careful, me-
thodologically detailed and validated diagnosis) 
and active eruption as a predictor of risk.(20,21) 

Since the 1990s, different epidemiological stu-
dies have shown an increasing prevalence of ILs. 
Even in low-prevalence populations, these may 

be the only manifestation of the disease.(22,23) 

ILs can be slowed down and even reminerali-
zed by controlling the sites of biofilm stagnation 
(non-operative treatment of dental caries),(22)  al-
though they require a more sensitive diagnostic 
method, professional training, and more clinical 
time. The importance of diagnosing carious le-
sions early lies in the possibility of using a timely 
minimal intervention approach. The diagnosis 
requires removing the biofilm (clean surface), 
especially for this type of lesion, and adhering 
to a standardized examination process (dry and 
well-lit field). These basic diagnostic require-
ments are not always met in public health servi-
ces, leading to an underdiagnosis of ILs. Among 
the adolescents examined, 75% reported visiting 
a dentist in the previous three months and sta-
ted that they had not been informed they had ca-
rious lesions.
Several studies have sought to find objective 
diagnostic criteria to determine the severity of 
carious lesions and the likelihood of progres-
sion: activity.(17,24,25) In the early 2000s, a group 
of researchers developed a new system for clas-
sifying lesions (based on their severity) and ad-
dressing them: the International Caries Detec-
tion and Assessment System (ICDAS), with an 
objective and radiographically and histologically 
validated method.(17) However, the severity diag-
nosis is insufficient to determine the need for 
treatment; it always needs to be accompanied by 
an activity diagnosis (current degree of mineral 
loss). The clinical parameters described in the 
literature by Nyvad et al. (1999) for diagnosing 
the lesion’s activity are shine, color, and texture, 
always relative to sites of biofilm accumulation 
on the lesion surface.(18)  
Determining the lesion’s activity is critical for 
therapeutic decision-making in dental caries, re-
gardless of the severity of the lesion that requi-
res a restorative decision.
According to the literature, half of the caries ex-
perience of young people is located on the oc-
clusal surface, although it accounts for only 15% 



of the total tooth surface.(25) The molars are the 
most affected teeth, followed by the premolars.
(26,27) The first molars are more severely affected 
than the second molars. As described in the pa-
per by Carvalho et al. (1989), a relationship was 
found between occlusal functionality (eruption 
stage) and caries activity.(14) As mentioned abo-
ve, the most affected sites in stage I and II are 
the central fossa, followed by the mesial fossa in 
upper molars and the distal fossa in lower mo-
lars. These lesions persist to a lesser degree in 
stages III and IV. They correspond to the deepest 
sites of the molar anatomy. They are the areas 
that are first exposed to the oral environment 
and/or remain in infraocclusion the longest.
In addition, during stages III and IV, sites 5, 6, 7, 
and 8 are most affected. They are the anatomi-
cal area that remains the longest without contact 
with the antagonist. Second molars need up to 
72 months to reach the occlusal plane, with the 
distal part of the occlusal surface remaining at 
the gingival level for longer.
The accumulation of sugar-rich biofilm is the 
key etiological factor for understanding the de-
velopment of carious lesions. The anatomy of 
the occlusal surface and the long period of active 
eruption of the molars, which means their me-
chanical function remains reduced, favor the ad-
hesion and stagnation of biofilm. This leads the 

biofilm to mature and causes a lesion undernea-
th when dysbiosis occurs.(14,28)

As the molar erupts, the occlusal surface beco-
mes more accessible to hygiene, and as it reaches 
occlusion, the masticatory function performs 
this action. As it is possible to manage biofilm 
more efficiently, AILs can slow down their pro-
gression or remineralize. This partly explains 
the appearance of IILs in stage III, reaching the 
highest percentage in stage IV in this study (Fi-
gure 3 and 4). Two studies have shown that the 
percentage of active lesions decreases as the 
occurrence of inactive lesions increases when 
the molar reaches occlusion.(14,21) Therefore, the 
period of active eruption of molars needs to be 
considered a risk stage for patients and should 
be considered when implementing oral health 
programs. Managing carious lesions consists of 
controlling their progression through noninva-
sive treatments and reducing the number of in-
dividuals that undergo restorative treatment.(12)

Conclusions
Active non-cavitated lesions are the most preva-
lent in young populations, and they are mainly 
located on the occlusal surface of actively erup-
ting molars. This risk factor should be conside-
red when setting the guidelines for prioritizing 
groups in different oral health programs.
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