
JFOS - Journal of Forensic Odonto-Stomatology  Vol 38 n. 3 -  Dec - 2020

ABSTRACT 
The aim of  this  work  is  to  study  a  sample  of  girls  from 15 
different countries using Third Molar Maturity Index (I3M ), to 
assess the probability that a girl has reached the legal age of 18 
years. The studied sample consisted of 3228 Orthopantomograms 
of healthy female subjects from 15 different countries. The cut-
off  value of I3M = 0.08 was tested to discriminate adults (≥18 
years) and minors (<18 years). X-ray images were processed by 
computer-aided drafting program ImageJ. The information on 
sensitivity and specificity of I3M coming from the 15 countries 
was  pooled  together  using  a  bivariate  Bayesian  modeling 
approach. Specificity of the I3M test did not change when the 
country was considered, and its value remains greater than 85% 
for each studied country. This method is useful to estimate the 
age of the girls involved in suspected early marriage because of 
the  high  probability  of  correctly  identifying  a  minor  with 
similar results observed among tested populations.

INTRODUCTION 
There  is  an  increasing  need  in  estimating  age  for  forensic 
purposes in recent years due to   illegal immigration that not 
only affects Europe but countries such as the United States and 
more recently countries in South America such as Argentina 
and Colombia.1 In this  case subjects  without documents  can 
claim to be older or younger  than their actual age, proof of 
being  under  or  over  the  legally  defined  age  limits  is  a 
requirement for several legal decisions including social benefits 
and protection of rights. When it is not possible to ascertain 
the given age of an individual, authorities can request a medical 
age assessment issued by an expert.2
According to the United Nations Children’s Fund (UNICEF), 
230  million  children  under  the  age  of  5  still  have  not  been 
registered 3 and  2018 statistics from  the World Bank estimated 
that one billion people around the world struggle to prove who 
they are due to a lack of legal identification.4
The information suggests that this is not always the result of 
document falsification,  but  opportunistic  fabrication as  well.  
For  this  reason,  the  choice  of  using  not  only  radiographic 
methods but interviews and social history reconstruction have 
prevailed to estimate whether adolescents have reached legal 
age.5
To an equal extent, the issue of a lack of documents is linked to 
a high number of people modifying their age in order to work 
in  competitive  sports,  practising  prostitution  or  marriage,6,7 
This  last  phenomenon  is  more  commonplace  than would be  
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expected. Child marriage is defined by UNICEF 
as any formal marriage or informal union where 
one or both of the parties are under 18 years of 
age.8  According  to  this  organization,  12  million 
under-age  girls  are  married  every  year.  This  is 
recognized as a global problem that cuts across 
countries, cultures, religions and ethnicities. It is 
not  uncommon  to  find  child  brides  in  every 
region of the world.9
Figures from UNICEF show that in Bangladesh 
only  20%  of  children  under  the  age  of  5  are 
registered and 59%  of  women aged 20-24 years 
were married or in union by age 18. In Niger 64% 
of children under the age of 5 are registered, and 
76%  of women are married by age 18.  In Chad  
only  12%  of  children  under  the  age  of  5  are 
registered, while 67% of women are  married by 
age  18.10,11  Although  there  is  not  a  direct 
relationship in every country, it is evident that a 
lack of coverage on birth registration favours and 
facilitates the practice of child marriage. 
Clearly  there  is  a  need  to  address  the  cultural 
choices that lead to these precocious marriages. 
However, in cases where the country has a clear 
legislation  forbidding  this  practice,  what  is 
mainly required is to have the means of knowing 
even an approximate age of the girl. Legal age is 
typically reached at 18 years around the world. 12 
There are several  methods that  can be used to 
ascertain adulthood, however of the three most 
common - those being skeletal, psychological, and 
dental estimations -  the latter has proven to be 
the most reliable. 13-15 
In  2008  Cameriere  et  al  developed  a  method 
named  The  Third  Molar  Index  (I3M)  for  age 
estimation  by  observing  the  formation  and 
closure  of  the  apex  of  the  third  molar    and 
established a cut-off value of  0.08 that has been 
tested in several populations.16

The aim of this work is to study a sample of girls 
from 15 different countries using I3M to assess the 
probability that a girl has reached the legal age of 
18 years old or not.

MATERIAL  AND METHODS 
The  studied  sample  consisted  of  3228  healthy 
female subjects from 15 countries (AL = Albania; 
AUS=  Australia;  CHN= China;  CO=  Colombia; 
DOM= Dominican  Republic,  ET=  Egypt;   F  = 
France;  I=Italy ; IND=India ;  J= Japan;  PL = 

Po l o n i a ;  RC H =  C h i l e ;  S R B =  S e r b i a ;  
TR=Turkey;  ZA=  South  Africa)  from  whom  a 
panoramic radiograph was collected (Table 1). 
The  inclusion  criteria  were  as  follows:  age 
between  14  and  24  years  at  the  time  the 
panoramic  radiographs  were  obtained,  good-
quality  radiographs,  and  healthy  subjects  with 
known  precise  age  and  f ree  of  systemic 
disorders. The exclusion criteria were as follows: 
unclear  radiographs  or  with  radiographic 
distortion,  gross  pathology  or  histor y  of 
orthodontic treatment, subjects of unknown age 
or without full dental records, and those with no 
third molars or third molars with developmental 
anomalies. Patient data was recorded in an excel 
file,  recording  patients’  identification  number, 
sex, date of birth, and date of the X- rays. The 
CA (chronological  age)  for  each  subject  was 
calculated by subtracting the date of the X-rays 
from  the  date  of  birth  and  converted  into 
decimal  ages.  The  study  was  carried  out  in 
accordance with the ethical standards laid down 
by the Declaration of Helsinki (Finland).17

Measurements  
As  already  proposed  by  Cameriere  et  al.16  the 
dental maturity index (I3M) of the left lower third 
molar was evaluated. 
If the apices of the third molar were completely 
closed, I3M is equal to = 0; if the apices were not 
completely  closed,  the  sum  of  the  distance 
between  the  inner  part  of  the  two  apices  are 
divided by the length of the third molar. The cut-
off value of I3M = 0.08 was tested to discriminate 
adults  (≥18  years)  and  minors  (<18  years).  X-ray 
images  were  processed  by  computer-aided 
drafting program ImageJ. 

Statistical analysis
In  this  work  we  combine  the  information  on 
sensitivity and specificity of the Cameriere’s test  
from  the  15  countries  pooling  them  using  a 
bivariate Bayesian modeling approach.18  

RESULTS 
The  frequency  distribution  of  the  individuals 
among  the  countries  shows  a  minimum of  58 
females from Australia and a maximum of 499 
from South Africa (Table 1). 
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Table 1. Frequency distribution of individuals among the considered countries

Table 2. I3M values and age distributions of the overall sample. The age classes are 
closed on the left while I3M classes are closed on the right. The first class of I3M is 

closed both on the left and right. 

There  is  a  s ignif icant  difference  in  the 
s e n s i t i v i t y  d i s t r i b u t i o n  a m o n g  t h e 
countries;  for  example,  France  and  Italy 
show a significant lower sensitivity.  
On the  contrary,  specificity  of  Cameriere’s 
test  does  not  change  when  the  country  is 
considered,  and  its  value  remains  greater 
than  85%  for  each  considered  country.  Its 
v a lue  i s  g rea te r  than  90%  i n  A lban ia , 
China,  Dominican  Republic,  Italy,  India, 
Serbia  and Turkey.  A pooled analysis  of  the 
studies  allowed us  to  summarize  sensitivity 
and specificity of I3M method as reported in 
Table 3. 
Combin ing  the  cons idered  s tud ies ,  we 
obtained  the   sensitivity  a  pooled  estimate 
for  the  median  of  79%  (Q2.5%  =71%;  Q97.5% 
=85%)  and  for  the  speci f ic i ty  a  pooled 
median of 96% (Q2.5% =93%; Q97.5% =99%).

DISCUSSION 
Age  estimation  is  required  to  confront  several 
social  issues  in  many countries  however  despite 
the  different  situations  in  which  estimating  18 
years old is needed, it is illegal immigration which 
is considered most important.
To  address  these  issues,  Cameriere  published 
several  articles  with  samples  from  different 
countries studying the third molar through I3M. 16 
The  results  yielded  by  this  research  have  been 
positive to the extent of attempts to establish it as 
regular practice used by professionals.
As in cases of illegal immigration, there are other 
situations that  require  the assistance of  forensic 
dentistry in the determination of adult age. One of 
these is the problem of child brides. It is a cultural 
issue of great importance that sometimes clashes 
with national  laws.  In fact,  some countries even 
allow marriage between minors10,12,19 

country AL AUS CHN CO DOM ET F I IND J PL RCH SRB TR ZA

frequency 152 58 99 161 285 135 85 315 114 134 435 330 271 155 499

4

The  age  distribution  in  the  sample  is  almost 
homogeneous in the range 14 – 24 years (Table 2). 
On  the  contrary,  about  45%  of  the  individuals 
belong  to  the  first  I3M  interval  [0,  0.08].  This 
result  can  be  explained  by  considering  that  the 

first class includes all  females with closed apices 
which  are  about  31%  of  the  sample.  Using  the 
Bayesian  model,  we  obtained  a  pooled  estimate 
for  both  sensitivity  and  specificity  of  the  test 
(Table 3).

Age(years)

I3M [14,16) [16,18) [18,20) [20,22) [22,25) total

[0,0.08] 13 61 401 600 391 1466

(0.08,0.22] 90 250 141 48 16 545

(0.22,0.4] 160 186 52 28 5 431

(0.4,0.7] 188 157 38 5 0 388

(0.7,1] 157 94 19 5 0 275

(1,4.8] 81 32 6 2 2 123

total 689 780 657 688 414 3228
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Table 3. Quantile of order 2.5%, 50% (median) and 97.5% of the sensitivity and specificity distribution 
for each considered country. 

In reviewing the many factors that influence early 
marriage,  it  stands  out  how  the  lack  of  birth 
registration  facilitates  the  persistence  of  the 
problem. As observed by the Committee on the 
Elimination  of  Discrimination  against  Women 
(CEDAW),   birth  registration  is  an  important 
f ac tor  that  can  suppor t  the  e f fect i ve 
implementation and enforcement of laws on the 

minimum age of marriage.7  The lack of reliable 
documents  or  birth  certif icate  poses  an 
overwhelming challenge even in countries where 
the legal age for marriage is 18 years.   Without 
the means to estimate this, these girls cannot be 
protected by the law. 
This  study  has  shown how the  use  of  the  I3M 
method,  when third molar  is  present,  can be a 

Sensitivity Specificity

country Q2.5% Q50.0% Q97.5% Q2.5% Q50.0% Q97.5%

AL 66% 76% 85% 92% 96% 98%

AUS 70% 83% 92% 85% 94% 97%

CHN 66% 76% 84% 92% 97% 99%

CO 86% 93% 97% 90% 95% 98%

DOM 85% 90% 94% 95% 98% 99%

ET 72% 81% 87% 90% 96% 98%

F 32% 47% 62% 87% 94% 98%

I 57% 65% 72% 93% 96% 99%

IND 69% 80% 88% 91% 95% 98%

J 70% 78% 85% 87% 94% 98%

PL 78% 82% 86% 90% 94% 97%

RCH 55% 63% 71% 86% 91% 94%

SRB 80% 86% 90% 93% 97% 99%

TR 78% 85% 92% 94% 98% 100%

ZA 76% 82% 86% 93% 96% 97%

pool 71% 79% 85% 93% 95% 97%
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practical and reliable way of estimating adult age. 
When applying the test in the samples from 15 
different  countries  there  were  not  significant 
differences  in  correctly  classified  minors  that 
could be associated to ethnicity or the country of 
origin. In fact, the specificity, number of correctly 
classified minors, displayed a homogeneous result 
with a minimum value of 91% from the Chilean 
sample and a maximum of 98% from Dominican 
Republic without evidencing a trend linked to the 
place of origin. 
There  can  be  d i f fe rent  causes  for  the 
heterogeneity  of  specificity  among  nations.  For 
example,  the inter-rater  variability  in  evaluating 
I3M smaller  than  0.08,  on  the  contrary,  it  is 
easier to estimate I3M greater than 0.08, in other 
words,  it  is  easier  to obtain false  negative than 
false positive measurement. 

The  pooled  estimate  of  the  specificity,  95%, 
pointed out  the low false  positive  frequency in 
using  I3M  method.  Concerning  the  sensitivity, 
number  of  correctly  classified  adults,  the 

minimum  sensitivity  value  was  47%  from  the 
French  sample  and  the  maximum  was  93%  in 
Colombia  which  emphasizes  the  lack  of  an 
ethnical trend.  It is important to highlight that 
in our studies of age estimation using the third 
molar,  it  is  vital  to  have  an  optimal  specificity 
which  means  that  I3M  can  correctly  identify  a 
minor. 
The results are in line with observations made by 
Liversidge  et  al,20  where  they  found   small 
differences  among  world  groups  when  studying 
the  timing of root development in mandibular 
third  molars  suggesting  that  probably  it  is 
unnecessary to have population specific reference 
data  to  estimate  age  of  an  individual  using 
mandibular third molar  root formation.

CONCLUSIONS 
This method is useful to determine the adult age 
of  girls  involved  in  suspected  early  marriages 
because of the high probability of identifying a 
minor with similar results observed among tested 
populations. 
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