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ABSTRACT 
Age estimation can be carried out through dental methods to 
determine  whether  an  individual  has  attained  legal  majority. 
The aim of the study was to apply the methods proposed by 
Caggiano et al. (2022) based on  Demirjian et al. (1973) stages 
and Cameriere et al.  (2008),  to third molars to estimate the 
legal  age  of  18  years,  through  the  evaluation  of  panoramic 
radiographs  in  a  Brazilian  sample.  The  final  sample  of  this 
study comprised 270 radiographs, including 188 from females 
and  82  from  males,  belonging  to  individuals  aged  between 
16.00 and 23.99 years.  After data collection, the information 
was organized in Microsoft Excel© spreadsheets and subjected 
to  descriptive  statistical  analysis.  The  method  proposed  by 
Caggiano et al. (2022) method based on  Demirjian et al. (1973) 
stages, proved to be more sensitive than specific. In contrast, 
the method proposed by Cameriere et al. (2008)  showed the 
opposite  pattern,  demonstrating  greater  specificity  than 
sensitivity.  It  can  be  concluded  that  the  results  showed 
moderate accuracy for both methods.

INTRODUCTION 
A person’s  age  is  directly  related  to  their  civil  rights  and 
responsibilities.1 In Brazil, majority is reached upon turning 18 
years of age.2 From that age onward, individuals are eligible to 
obtain a driver’s license, buy and sell property, get married, as 
well as being legally required to vote.2 In the criminal context, 
the age of majority is established at the same age.3 Therefore, 
estimating an individual’s age is essential to ensure that penal 
laws and penalties are properly applied to the offender.3
In Dentistry, age estimation can be carried out using methods 
that  assess  the development and mineralization stages  of  the 
third molars.4-6 The analysis of these teeth is important because, 
at the end of adolescence, dental development is finished except 
for these teeth, and that serve as the sole dental age indicator 
during the transition from adolescence to adulthood.7 
In  the  study  by  Cameriere  et  al.  (2008),6  the  third  molar 
maturity index (I3M) was created, defined as the ratio of the sum 
of the root apex openings to the total tooth length.6 If by chance 
the  root  development  is  complete,  the  numerator  is  zero. 
Furthermore,  the  authors  established  a  cutoff  value  of  0.08. 
Thus,  a  value  less  than  or  equal  to  0.08  indicates  that  the 
individual is 18 years of age or older,  whereas a value above this 
threshold suggests otherwise.6 
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On  the  other  hand,  the  method  proposed  by 
Demirjian et  al.  (1973)8  outlined eight  stages  of 
dental  development.  In  this  method,  the  seven 
permanent left mandibular teeth are considered, 
except  for  the  third  molar.8  The  stages  are 
classified using letters (A to H)  and range from 
crown  formation  to  root  apex  closure.8  The 
assessment  was  performed based  on  the  scores 
proposed  by  the  TW29  method,  comparing 
dental  age  with  skeletal  age.  Although  third 
molars were excluded from the original study by 
Demirjian et al. (1973),8 subsequent studies have 
used solely these teeth, in combination with the 
authors’  development  stages,  to  determine  the 
attainment  of  18  years  of  age.7,10  Accordingly, 
Caggiano  et  al.  (2022)10  modified  the  method 
proposed by Demirjian et al. (1973),8 establishing 
that, in the classification of the four third molars, 
an  individual  was  considered  to  have  reached 
legal age even when a lower third molar at stage 
G was associated with an upper third molar  at 
stage H.
The  methods  proposed  by  Cameriere  et  al. 
(2008)6  and  Demirjian  et  al.  (1973)8  have  been 
widely  tested  in  different  populations.1,11-13 
However,  it  is  still  necessary  to  compare  their 
applicability,  given  the  importance  of  third 
molars for estimating civil and criminal majority. 
Considering the scarcity of studies conducted in 
the  Brazilian  population,  particularly  those 
addressing adaptations of the method proposed 
by  Demirjian  et  al.  (1973),8  further  research  is 
warranted  to  assess  its  applicability  in  this 
context. The aim of this study was to apply the 
methods  proposed  by  Caggiano  et  al.  (2022)10 
based  on  Demirjian  et  al.  (1973)8  stages  and 
Cameriere et al. (2008)6, to third molars in order 
to estimate the legal age of 18 years, through the 
evaluation  of  orthopantomograms  (OPGs)  in  a 
Brazilian sample. 

MATERIALS AND METHODS  
This project was submitted to and approved by 
the Research Ethics Committee of the University 
of  Ribeirão  Preto,  under  CAAE  number 
45480721,3,0000,5498.  This  is  a  cross-sectional 
study  that  used  a  sample  obtained  from  the 
dental  records,  in  which  OPGs  of  individuals 
with  known  age  and  sex  were  obtained  and 
analyzed.
The OPGs were obtained from individuals who 
underwent  dental  treatment.  For  the  image 
acquisition, the individual was positioned with an 

upright spine, feet together, and chin resting on 
the  chin  support  of  the  Veraviewepocs  2D© 
radiographic  device  (J.  Morita  Corp.,  Osaka, 
Japan). The anterior teeth were positioned in the 
incisal  guide  (standard/disoccluded  panoramic 
position),  with  the  head  secured  between  the 
device’s head supports, while the tongue was kept 
pressed  against  the  palate.  The  device  was 
adjusted so that the Frankfurt plane was parallel 
to the ground.
Initially,  951  OPGs from both  sexes,  with  ages 
ranging from 16.00 to 23.99 years were obtained. 
The  inclusion  criteria  comprised  radiographic 
examinations  of  good  quality,  with  minimal 
distortion,  adequate  sharpness,  appropriate 
contra s t  and  dens i ty,  a l lowing  proper 
visualization  of  all  four  third  molars  for  the 
accurate  assessment  of  their  development  and 
mineralization stages. The exclusion criteria were 
examinations  showing  impacted  or  extracted 
third  molars,  anomalies,  agenesis,  endodontic 
treatments,  pathological  processes  such  as 
odontogenic  tumors,  extensive  carious  lesions, 
and  metallic  devices  that  could  impair  tooth 
visualization.
After  applying  these  criteria,  the  final  sample 
reduced to 270 radiographs, 188 from females and 
82  f rom  males .  Then,  the  samples  were 
randomized and renamed so that the examiners 
were  blinded  to  the  individuals’  information, 
avoiding cognitive bias in the analysis. ImageJ® 
software  (National  Institutes  of  Health, 
Bethesda, Maryland, USA) was used in a low-light 
environment for image analysis.
For  the  method  proposed  by  Cameriere  et  al. 
(2008),6  a measurement was taken of the width 
between the internal  walls  of  open apexes,  and 
another measurement of the total tooth length. 
The first measurement of the internal width of 
the  apices  was  related  to  the  development 
process ,  unders tood  a s  the  sum  of  the 
measurements  of  each  open  apex  or  the 
measurement of a single apex (Fig. 1). The index 
was  calculated  as  the  ratio  between  the  width 
measurements and the total tooth length, with a 
cutoff value of 0.08 (Fig. 1). The results were then 
put in a spreadsheet: values greater than or equal 
to  0.08  indicated  individuals  younger  than  18 
years,  and  greater  values  assigned  individuals 
otherwise (18 years old or older). 
The same classification system developed by the 
authors  was  used  For  the  method proposed by 
Demirjian  et  al.  (1973),8  (Fig.  2).  However,  to 
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determine the legal age of 18 years, the Caggiano 
et al. (2022)10 method was used, which considers 
all  four  third  molars  present  in  an  individual’s 
dental arches. The legal age was assigned to the 
subject  based  on  the  presence  of  a  mandibular 
third  molar  in  stage  G  and  a  maxillary  third 
molar in stage H.10 The results were coded in the 
same manner as for the Cameriere et al. (2008)6 
method.

Statistical Analysis
The samples were independently analyzed by two 
examiners  for  both  methodologies.  The  data 
collected  were  organized  in  Microsoft  Excel© 
spreadsheets  (Microsoft  Corp.,  Redmond,  WA, 
USA) and subjected to descriptive statistical

analysis using the same software.
To assess the intra- and inter-examiner reliability, 
the  intraclass  correlation  coefficient  (ICC)  was 
calculated  for  the  Cameriere  et  al.  (2008)6 
method. For the Caggiano et al. (2022)10 method 
based on  Demirjian et al. (1973)8 stages, Cohen’s 
Kappa coefficient was used. Agreement analyses 
were performed on 10% of the total sample (n = 
27 ) ,  with  a  f i fteen -day  inter val  between 
evaluations.
After the sample analysis, a confusion matrix was 
constructed to assess the metrics of the methods 
to distinguish whether individuals were above or 
below 18  years  of  age.  The accuracy,  sensitivity, 
and  specificity  were  then  calculated  for  each 
method. 

Figure 1. Representation of the application of the Cameriere et al. (2008)6 method in the sample.

Figure 2. Application of selected Demirjian et al. (1973)8 stages according to the approach of Caggiano 
et al. (2022)10 in the sample.
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RESULTS 
A total  of  270 radiographic  examinations  were 
analyzed. Table 1 shows the distribution of the 
sample according to sex and age group.
For the Cameriere et al. (2008)6 method, an ICC 
of  0.95  was  obtained  for  intra-examiner 
agreement,  considered  excellent,  and  0.76  for 
inter-examiner  agreement,  indicating  good 
reliability.16 For Caggiano et al. (2022)10 method 
based on Demirjian et al. (1973)8 stages, Cohen’s 
Kappa  coefficient  was  calculated  for  each 
analyzed  tooth.  For  intra-examiner  reliability, 
the values obtained for the upper third molars 
were  considered  substantial  (0.65  and  0.66), 
while  for  the  lower  third  molars  they  were 
considered  almost  perfect  (0.87  and  0.93)17 
(Table 2). On the other hand, the inter-examiner 

coefficients  were  considered  moderate  for  the 
upper left third molar (0.49) and the lower right 
third  molar  (0.55),  while  for  the  upper  right 
third molar and lower left third molar they were 
considered substantial (0.65 for both)17 (Table 3).
The  data  were  organized  using  confusion 
matrices for the Cameriere et al. (2008)6 method 
(Table  4)  and  the  Caggiano  et  al.  (2022)10 
method based on  Demirjian et al. (1973)8 stages 
(Table  5).  Thus,  the  Cameriere  et  al.  (2008)6 
method  obtained  an  accuracy  of  0.52 ,  a 
sensitivity of 0.37, and a specificity of 0.78 in the 
total  sample (Table 6).  For the Caggiano et al. 
(2022)10  method,  the  total  sample  obtained  an 
accuracy  of  0.65,  a  sensitivity  of  0.76,  and  a 
specificity of 0.46 (Table 6). 

Table 1. Descriptive statistics of the total sample grouped by sex and age.

Table 2. Intra-examiner agreement coefficients obtained using Cohen’s Kappa for the Caggiano et al. 
(2022)10 method based on Demirjian et al. (1973)8 stages.

Table 3. Inter-examiner agreement coefficients obtained using Cohen’s Kappa for the Caggiano et al. 
(2022)10 method based on Demirjian et al. (1973)8 stages.

Age groups 
(Years)

Female Male Total

16.00 – 16.99 25 12 37
17.00 – 17.99 41 18 59
18.00 – 18.99 25 28 53
19.00 – 19.99 26 6 32
20.00 – 20.99 29 5 34
21.00 – 21.99 19 4 23
22.00 – 22.99 14 4 18
23.00 – 23.99 9 5 14

Total 188 82 270

Tooth Cohen’s Kappa Coefficient
18 (upper right third molar) 0.65
28 (upper left third molar) 0,66
38 (lower left third molar) 0.87

48 (lower right third molar) 0,93

Tooth Cohen’s Kappa Coefficient

18 (upper right third molar) 0.65

28 (upper left third molar) 0,49

38 (lower left third molar) 0.65

48 (lower right third molar) 0,55
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Table 4. Confusion matrix evaluating the ability of the Cameriere et al. (2008)6 method to distinguish 
individuals according to the legal age of 18 years.

Table 5. Confusion matrix evaluating the ability of the Caggiano et al. (2022)10 method based on 
Demirjian et al. (1973)8 stages to distinguish individuals according to the legal age of 18 years.

Table 6. Presentation of the likelihood ratio (LR+), negative predictive value (VP-), positive predictive 
value (VP+), accuracy (Acc), sensitivity (Sens), and specificity (Spec) for both the Cameriere et al. (2008)6 

and Demirjian et al. (1973)8 methods.

DISCUSSION 
The stage classification developed by Demirjian 
et al.  (1973)8  can be applied to third molars for 
assessing  the  legal  adulhood.18  Mincer  et  al. 
(1993)7  demonstrated  that  the  development  of 
upper  third  molars  occurs  slightly  earlier  than 
that of the lower ones.  Conversely,  Zandi et al. 
(2014)19  found  no  significant  difference  in  the 
development of these teeth. In the present study, 
the  application  of  the  Caggiano  et  al.  (2022)10 
method revealed a higher concentration of stage 
H  classifications  in  the  upper  third  molars 
compared with the lower ones. Similarly, Gaêta-
Araujo  et  al.  (2021)20  reported  that,  when  the 
method proposed by Demirjian et al. (1973)8 was 
applied  to  a  Brazilian  sample,  the  mean  ages 
corresponding  to  each  sta ge  showed  no 
significant  differences  between  the  upper  and 
lower arches. Pinheiro et al. (2023)21 also observed 
approximately  a  90%  agreement  between  the 
de ve lopmenta l  s ta ges  o f  max i l l a r y  and 
mandibular  third  molars  in  the  Brazilian 
population.
In the present study, the Cameriere et al. (2008)6 
method  showed  excel lent  intra-examiner 
agreement and good inter-examiner agreement.16 
These  values  were  not  substantially  different 
compared to the study by Sartori  et al.  (2024),1 

who applied the  method to  a  sample  from the 
southern Brazilian population, obtaining an ICC 
of  0.92  for  intra-examiner  and  0.85  for  inter-
examiner reliability.
On  the  other  hand,  for  the  Caggiano  et  al. 
(2022)10  method  based  on  the  Demirjian  et  al. 
(1973)8  stages,  intra-examiner  agreement  was 
considered substantial for the upper third molars 
and almost perfect for the lower third molars.17 
Meanwhile,  for  inter-examiner  reliability,  the 
agreement  values  ranged  from  moderate  to 
substantial.17 These values were lower than those 
reported  in  other  studies.  In  the  study  by 
Caggiano et  al.  (2022),10  values  of  κ  =  0.86 and 
weighted κ  =  0.76 were obtained for  intra-  and 
inter-examiner  evaluations,  respectively.  For 
Marrero-Ramos  et  al.  (2020),22  who  considered 
only the “D” and “H” development stages of the 
Demirjian  et  al.  (1973)8  method,  a  weighted 
Kappa index of 0.78 was reported. 
The  fact  that  the  inter-examiner  agreement 
ranged from low to moderate for the stages of the 
Caggiano  et  al.  (2022)10  method  based  on 
Demirjian et al. (1973)8 stages, did not necessarily 
imply disagreement regarding the determination 
of  legal  adulthood.  This  is  because,  overall,  the 
outcome was consistent between the evaluators; 

   
   

Real Age
>18 years <18 years

Estimated 
Age

>18 years 66 21
<18 years 108 75

   
   

Real Age
>18 years >18 years

Estimated 
Age

>18 years 133 51
<18 years 41 45

Method LR+ VP- VP+ Acc Sens Spec

Cameriere et al.6 (2008) 1.73 0.4 0.75 0.52 0.37 0.78

Caggiano et al. (2022)10 1.43 0.52 0.72 0.65 0.76 0.46
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that is, both reached the same conclusion when 
classifying the individual as either above or below 
18 years of age. In such cases, the legal threshold 
(i.e.,  whether  the  age  of  criminal  responsibility 
has  been  reached)  holds  greater  relevance  for 
judicial  authorities  than  the  variation  in  the 
stages assigned by each examiner.
The discrepancies observed among the reported 
values  in different studies  may be attributed to 
variations  in  the  age  range  of  the  samples,  as 
younger individuals (9 to 21 years old) allow for a 
more  accurate  assessment  of  third  molar 
developmental stages.10 In addition, factors such 
as  agenesis,  impaction,  and the timing of  third 
molar eruption can reduce the reliability of the 
analysis  of  this  dental  element.10  Furthermore, 
the morphology of  third molar  roots  may limit 
visualization,  thus  requiring  greater  examiner 
experience.23-25  Moreover,  biogeographical 
differences and sample size can directly influence 
the results, as pointed out by Shi et al. (2024).26

After  applying  the  methodologies,  it  was 
observed  in  the  present  study  that  using  the 
Demirjian  et  al.  (1973)8  method in  combination 
with the analysis by Caggiano et al.  (2022)10 for 
third  molars,  the  total  sample  showed  higher 
sensitivity than specificity, with respective values 
of  0.76  and 0.46.  Thus,  when considering  legal 
adulthood,  the  method  better  identif ies 
individuals who are over 18 years of age. The same 
was observed in the original study by Caggiano et 
al.  (2022),10  although  with  a  higher  sensitivity 
value of 96.7%.
In  the  present  study,  an  accuracy  of  0.65  was 
found, whereas Caggiano et al. (2022)10 reported 
an accuracy of 90.2%. In the study by Upalananda 
et al. (2025),12 although a different methodological 
approach  was  used,  a  similar  accuracy  of 
approximately 0.60 was observed for stage H in 
both sexes and on both the right and left sides.
In  contrast,  for  the  Cameriere  et  al.  (2008)6 
method, this study found a specificity of 0.78 in 
the total sample, indicating a good performance 
in  estimating  individuals  under  18  years  of  age. 
Given  that  the  method  is  more  specific  than 
sensitive, this value was similar to that reported 
by Sartori et al. (2024),1 which was 0.84. However, 
when comparing the specificity results with the 
study by Cameriere et al. (2008),6 the value in the 
original  study  was  higher,  at  0.95  although  the 
same  condition  was  observed,.  In  the  forensic 
context,  this  means  that  the  method  is  more 
reliable for underestimating the individual, which 

is  important  considering  the  civil  and  criminal 
implications for an adult individual.27

Overall,  when analyzing the results  obtained in 
the  present  study,  it  can  be  observed  that  for 
both methods  the  performance was  lower  than 
that reported in previous studies in the scientific 
literature.10,28-30  This  may  have  occurred  due  to 
the  need  to  select  all  four  third  molars  in  the 
radiographic examination in order to standardize 
the sample for both methods analyzed. However, 
it  is  important to note that the maxillary third 
molars were used only for the assessment of the 
Caggiano  et  al.  (2022)10  method  based  on  the 
Demirjian et al. (1973)8 stages.
However,  third  molars  are  subject  to  agenesis, 
which  is  related  to  a  human  evolutionary 
processes involving changes in dietary habits and 
a  reduction  in  jaw  size,  resulting  in  decreased 
functionality of these teeth.31-33  Moreover, third 
molars are commonly extracted as they are often 
misplaced  or  impacted.32-34  Therefore,  it  is 
important  that  future  studies  consider  using 
other teeth, such as second molars,  to estimate 
legal adulthood, as has already been proposed by 
some authors.35,36

The  study  also  analyzed  a  somewhat  uneven 
sample,  both  in  terms  of  sex  and  in  the 
distribution of individuals above and below 18 
years  of  age.  As  the  sample  is  defined  as  a 
representation  of  a  greater  population,  any 
hurdles in sample collection directly affect the 
inferences and results  of  the study.37  This  is  a 
limitation  that  should  be  observed  in  the 
present study.
The use  of  Artificial  Intelligence (AI)  for  age 
estimation  through  radiographic  analysis  has 
e m e r g e d  a s  a  p r o m i s i n g  a l t e r n a t i v e . 
Considering  its  performance  comparable  to 
that of human evaluators and advantages such 
as faster methodological processing and a lower 
r i s k  o f  b i a s . 1 2 , 3 8  Mu r r a y  e t  a l .  (2 0 2 4 ) 3 9 
highlighted that convolutional neural networks 
performed  better  in  age  estimation  and  in 
pattern  recognition  when  compared  with 
manual  methods.  Therefore,  i t  is  worth 
emphasiz ing  that  invest ing  in  AI -based 
research  within  forensic  fields  is  essential.12 
However,  in  diverse  contexts,  such  as  regions 
with  limited  access  to  advanced  technological 
resources,  techniques,  and methods previously 
appl ied  to  other  populat ions  should  be 
considered  and  adapted  according  to  the 
socioeconomic conditions of each region.40
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CONCLUSION 
The  application  of  the  methods  proposed  by 
Caggiano et al. (2022)10, based on Demirjian et al. 
(1973)8  stages,  and  Cameriere  et  al.  (2008)6   to 
third  molars,  using  orthopantomograms  in  a 
Brazilian  sample,  showed  moderate  accuracy  in 
estimating  the  legal  age  of  18  years.  However, 
some limitations were observed, particularly related 
to the distribution of age groups and sex. Future 

research should explore the use of additional teeth 
to enhance the accuracy of age estimation in this 
population.
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