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ABSTRACT 
The life-altering effects of criminal trials necessitate providing 
reliable methods to distinguish adults (≥18) from minors (< 18). 
The present study aims to evaluate the accuracy of the third 
molar  maturity  index  (I3M)  introduced  by  Cameriere  et  al. 
(2008)  in  distinguishing  adults  from  minors  in  the  Iranian 
population. Panoramic radiographs of 800 Iranian individuals 
(400 males and 400 females)  aged 14-23 were evaluated. The 
cut-off value of I3M=0.08 was analysed to determine whether 
the individual is younger or older than 18. All male or female 
subjects with I3M above 0.7 were below 18 years old. The cut-
off value of 0.08 showed a sensitivity of 80.83% and 63.33% and 
a specificity of 88.12%  and 93.12%,  respectively, in males and 
females.  The  positive  predictive  values  were  91.08%  and 
93.25%,  and the  negative  predictive  values  were  75.40%  and 
62.87%,  respectively, for males and females. The Bayes’  post-
test probability was 94% for females and 92% for males. 83.75% 
of males and 75.25% of females correctly classified as adults or 
minors. The most remarkable error rate occurred at 18 years 
old  (67.5  %  in  females  and  57.5%  in  males).  By  ROC curve 
analysis, the population-specific cut-off values of I3M 0.097 for 
males,  0.116  for  females,  and  0.099  regardless  of  sex,  were 
acquired,  which  improved  the  sensitivity  of  discrimination 
between  adults  and  minors  (86.3%,  73.8%,  and  78.1  %, 
respectively). The results showed that I3M is a reliable method 
for  distinguishing  between minors  and  adults  in  the  Iranian 
population.  This  method provides  a  higher  accuracy level  in 
identifying individuals under 18 years old. Population-specific 
I3M cut-off  values  increased  accuracy,  sensitivity,  and  NPV, 
especially  for  females.  The  I3M  method  produced  better 
results  in  diagnosing  adult  males  than  adult  females  and  a 
higher accuracy level in identifying individuals under 18.

INTRODUCTION 
Forensic  age  estimation  has  become  a  growing  concern  in 
criminal  and  civil  cases  involving  young  individuals,  illegal 
immigration, and a variety of refugee status difficulties. It has 
been  shown that  half  the  refugees  from Middle  Eastern  or 
African countries are children below 18 years of age. 1 In many 
countries,  this  age  represents  a  legal  cut-off  to  distinguish 
minors from adults. 2-6 Also, the International Criminal Court, 
founded in 1998 to investigate and prosecute those suspected 
of committing an  offence,  considered  18 years old,  the  age of 
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the  legal  majority.  7  The  life-altering  effects  of 
criminal trials and the protection of minors' legal 
rights  necessitate  providing reliable,  lawful,  and 
non-invasive methods to distinguish adults from 
minors accurately.
Following the guidelines of the Study Group on 
Forensic  Age  Diagnostic  (AGFAD),  the  age 
estimation  of  a  living  individual  includes  1) 
Physical examination to record anthropometric 
data,  sexual  maturity  signs,  and age-appropriate 
developmental anomalies; 2)  Radiography of the 
left  hand  or  the  clavicle  (in  case  of  completed 
wrist  skeletal  development);  3)X-ray  analysis of 
the  dentition  to  determine  dental  maturity.  8 
Based  on  AGFAD recommendation,  combining 
three  independent  developmental  systems 
enhances  the  diagnostic  accuracy  of  age 
estimation. 9
Skeletal techniques have some disadvantages due 
to the substantial heterogeneity of bone growth, 
which is impacted by environmental variables. 10 
However, dental development has less variability 
since it is under common control by genes rather 
than environmental factors. 11 It is indicated that 
socio-economic  status  is  more  pronounced  in 
skeletal maturation than in dental development. 
12 Cardoso 12 showed that age estimation in pre-
adolescents using long bone development leads to 
biased,  divergent  results,  especially  in  children 
with  low  socio-economic  status.  In  contrast, 
dental age estimation is almost buffered against 
environmental factors. For dental age estimation 
of individuals between 14 and 23 years of age and 
to discriminate children from adults, analysis of 
third  molar  development  is  the  most  practical 
and  appropriate  indicator  since  these  teeth  are 
still  developing at this age. 13,  14  Mincer et al.  15 
pioneered applying Demirjian’s staging system for 
age estimation based on third molar teeth. They 
showed  that  the  majority  of  male  and  female 
subjects (90%  and 92%,  respectively)  with fully 
developed third molars (those in stage H)  were 
adults.  However,  this  yields  significant  false 
negative  results  due  to  the  high  number  of 
individuals over 18 years of age with unmatured 
third molar teeth. 16 More recently, Cameriere et 
al.  16  proposed  the  third  molar  maturity  index 
(I3M), the ratio between the width of open apices 
and the third molar tooth length, as a method of 
a ge  e s t imat ion  ba sed  on  th i rd  molar 
development.  They  provided  a  cut-off  value  of 
0.08  to  discriminate  between  adults  (≥18)  and 
minors  (<18).  This  method  was  shown to  have 

higher sensitivity, specificity, and lower frequency 
of false negative results. 
Population affinity has been shown as a potential 
factor influencing the accuracy of anthropological 
methods,  5,  17  including  age  estimation  derived 
from third molar development. 18 In this regard, 
several studies have evaluated the accuracy of the 
Cameriere cut-off  value in different populations 
worldwide;  however,  the  accuracy  of  the 
Cameriere  cut-off  value  for  discrimination  of 
minors  from  adults  has  yet  to  be  carefully 
addressed in the Iranian population. So, the main 
aim of the present study was to evaluate the cut-
off  value  of  I3M  0.08  to  discriminate  minors 
from adults in the evaluated sample. 

MATERIALS AND METHODS  

Samples
The  institutional  human  ethics  committee 
approved  the  research  protocol  for  this  cross-
sect iona l  s tudy 
(#IR.Sums.Dental.REC.1399.088).
Digital  panoramic  radiographs  of  1296  Iranian 
living  subjects  aged  14-23  years  were  evaluated. 
The  images  were  retrieved  from the  Oral  and 
Maxillofacial  Radiology  Department  of  Shiraz 
Dental  School  archive.  The  radiographs  were 
taken for specific clinical indications other than 
the  present  study.  All  the  patients  or  their 
guardians had signed a written informed consent 
for  the  possible  use  of  their  radiographic  data, 
preserving  their  anonymity  in  research  or 
publications.
The  images  with  low  quality  (N=122),  any 
pathological lesion in the area of interest (N=38), 
mu l t ip le  denta l  anomal ie s  (N=3 ) , 
hypodontia(N=1) ,  or  congenital ly  missing 
mandibular  third  molar  teeth  (N=46)  were 
excluded. Mandibular third molar teeth with an 
extensive  carious  lesion  (N=24),  endodontic 
treatment  (N=1),  coronal  restoration  (N=11),  or 
severe rotation (N=223) were also eliminated from 
the study. Moreover, radiographs from individuals 
w i th  a  h i s tor y  o f  sy s temic  d i sea se  or 
developmental  abnormality  and  dental  /
maxillofacial  trauma  (N=27)  were  also  excluded 
from  the  study.  Finally,  the  study  sample 
comprised  800  panoramic  radiographs  (400 
males  and  400 females),  then  divided  into  ten 
one-year  age  groups.  Each  group  included  80 
subjects evenly distributed according to sex (40 
male and 40 female subjects). (Table 1) 
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Table 1. Distribution of the subjects per age and sex groups (Female/Male). The numbers in the 
parenthesis show the subjects with completely developed left mandibular third molars (I3M=0.00).

All panoramic radiographs were taken by the 
Vatech PaX-I panoramic X-ray unit  (Vatech 
Co., Seoul, Republic of Korea). According to 
the Cameriere et al.  16  method, the I3M of 
each subject was calculated as the ratio of the 
distance  between  the  inner  margins  of  the 
third molar’s open apex to the total tooth  

 
l ength  to  e l iminate  the  e f fect  o f 
magnification differences  in  radiographs.  In 
this  regard,  I3M  is  measured  as  zero  in 
completely  developed  roots,  and  in  third 
molar  teeth  with  two  or  more  roots,  it  is 
defined  as  the  sum  of  the  width  of  open 
apices to the tooth length (Fig. 1). 

Figure 1. Calculation of I3M in third molar teeth with different numbers of roots and developmental 
stages. A1 and A2: width of the two open apices' inner margins; L: tooth length. a) A/L in a one-rooted 
third molar; b) (A1+A2+…)/L in a third molar with two (or more) roots; c) I3M is calculated as zero in a 
third molar tooth with closed root apices

The measurements  were recorded on the left 
mandibular  third  molar  teeth,  either  erupted 
or  impacted,  for  standardisation.  However, 
since  a  strong  correlation  has  been  shown 
between the development of the left and right 
third molar teeth, 19, 20 the measurements were 
recorded  on  the  right  counterpart  whenever 

the left mandibular third molar did not meet 
the  inclusion  criteria.  The  radiographs  were 
coded  with  an  ID  to  obscure  the  subjects' 
demographic data and prevent observer bias.
For  calculating  the  chronological  age  of  the 
subjects,  the  birth  date  of  the  individuals  was 
subtracted  from  the  date  of  radiographic 

Age categories Males Females Total

14-14.9 40(0) 40(0) 80(0)

15-15.9 40(0) 40(2) 80(2)

16-16.9 40(2) 40(0) 80(2)

17-17.9 40(3) 40(1) 80(4)

18-18.9 40(6) 40(3) 80(9)

19-19.9 40(11) 40(7) 80(18)

20-20.9 40(18) 40(9) 80(27)

21-21.9 40(22) 40(9) 80(31)

22-22.9 40(32) 40(19) 80(51)

23-23.9 40(32) 40(27) 80(59)

Total 400(126) 400(77) 800(203)

Age is presented in years.
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acquisition  and  then  rounded  to  one  decimal 
place. 
Radiographic  images  were  evaluated  by  a  well-
trained  and  calibrated  last-semester  dental 
student  using  EzDent-i  software  (Vatech  Co., 
Ltd., Hwaseong, Korea) on a 14-inch monitor in 
deemed  environmental  lighting.  The  observer 
adjusted  image  contrast,  brightness,  and 
sharpness  or  used  a  zoom-in  option  to  better 
visualise  tooth  anatomy.  The  same  observer 
randomly selected 200 radiographs of the study 
sample and examined them again after two weeks 
to assess the observer-intra agreement.

Statistical analysis
To  examine  intra-observer  reliability  for  the 
evaluated panoramic radiographs,  the intra-class 
correlation coefficient (ICC) was calculated. The 
cut-off  value of  0.08 was  applied to distinguish 
adults from minors, as described by Cameriere. 16 
Subjects  with  an  I3M  less  than  0.08  were 
considered adults (≥ 18), and subjects with an I3M 
greater than 0.08 were considered minors (<18).
The sensitivity (Se),  the proportion of correctly 
determined adults out of all the subjects with the 
age of ≥18, and the specificity (Sp),  the ratio of 
precisely  defined minors  out  of  all  the subjects 
with ages below 18 years old, as well as accuracy 
(Ac), a proportion of correctly classified subjects 
among all the adult subjects were calculated.
The positive and negative likelihood ratios (LR+ 
and LR-)  and predictive values (PPV and NPV) 
were computed. The LR+ determines how much 
more likely the positive result  (I3M<0.08)  is  to 
occur in adults in comparison with minors, and 
the  LR-  determines  how  much  less  likely  the 
negative result (I3M≥0.08) is to appear in adults 
compared  to  minors.  LR+  values  between  2-5 
show  a  slight  increase,  and  5–10  and  over  10, 
respectively,  represent  moderate  and  significant 
increases in the likelihood of being over 18 years 
old.  LR-  values  of  0.5-0.2  demonstrate  a  small, 
0.2-0.1  means  a  moderate  decrease,  while  <  0.1 
reflects a significant/almost definite reduction in 
the likelihood of being over 18 years old 21. PPV 
represents  a  proportion  of  adults  with  positive 

test results (true positives) in total subjects with a 
positive result (I3M<0.08). In other words, PPV 
defines  the  probability  of  being  an  adult  when 
I3M is  <0.08.  NPV represents  a  proportion  of 
minors with a negative test result (true negative) 
in total  subjects with negative test results (I3M 
≥0.08). NPV determines the probability of being 
under 18 years old when I3M ≥0.08. 22

The  post-test  probability,  which  can  help  to 
differentiate  adults  from  minors,  was  also 
calculated,  which  according  to  Bayes’  theorem 
(Bayes PTP), is defined as: 

P:  the  post-test  probability,  Se:  Sensitivity,  Sp: 
Specificity, P0: the probability that the individual 
is  ≥18  within  the  target  population  aged  14-23 
years. In this study, P0 was calculated based on 
the  Iranian  Bureau  of  Statistics  data  and  was 
considered 63% for females and 62% for males.
A receiver  operating  curve  (ROC)  analysis  was 
conducted to determine whether there is an I3M 
value and a higher discriminant ability between 
adults  and  minors  for  the  Iranian  population 
according to the highest Youden index (J).
Data analysis was performed using PASW SPSS 
software  for  Windows  version  18.0  (SPSS  Inc., 
Chicago, IL, USA). 

RESULTS  
ICC showed a perfect intra-observer agreement. 
Its value was 0.96 (95% CI 0.92, 1.00). 
Table 2 shows the mean chronological age of the 
female and male subjects in different I3M classes. 
The  values  varied  between  the  two  sexes.  The 
differences  were  statistically  significant  in  I3M 
0.04-0.5  (P value  <  0.05).   The  mean  age  was 
greater in female than male subjects in all  I3M 
classes  except  for  the  I3M 0.5-0.7  and  0.7-0.9. 
The data reveals that the I3M value had a general 
reverse relation with the mean chronological age. 
Additionally, all male or female subjects with I3M 
above 0.7 were below 18 years old.   
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Table 2. Descriptive statistics of the chronological age of the subjects based on ranges of I3M  and sex

Table 3. Cross-tabulation reporting discriminant function of cut-of value of 0.08 for the male and 
female subjects (male and female)

I3M
Female Males

N Mean SD Min Q1 Med Q3 Max N Mean SD Min Q1 Med Q3 Max P 
value*

[0.0,0.0
4)

122 20.95 1.89 15 20 21 23 23 164 20.96 1.73 16 20 21.0
0

22 23 0.976

[0.04,0.08
)

41 19.76 2.22 14 18 20 21.5 23 49 18.80 1.83 15 17.5 19 20 23 0.027

[0.08,0.3) 150 17.88 2.28 14 16 18 20 23 110 17.08 1.88 14 16 17 18 23 0.003

[0.3,0.5) 55 16.01 1.97 14 15 15 17 23 42 15.09 1.28 14 14 15 16 18 0.010

[0.5,0.7) 11 15 1.22 14 14 15 16 18 14 16 2.21 14 14 15.5 16.5 21 0.236

[0.7,0.9) 16 14.37 0.71 14 14 14 14.75 16 10 14.5 0.52 14 14 14.5 15 15 0.693

≥0.9 5 15 1 14 14 15 16 16 11 14.54 0.93 14 14 14 15 17 0.392
I3M: third molar maturity index; N: number of individuals; SD: standard deviation; Min: minimum value; Q1: 1st quartile; Med: median; Q3: 3rd quartile; Max: maximum value; 

* P value of independent sample t-test

Quantities Females Males Total

AC 75.25% (95% CI, 70.72-79.40%) 83.75% (95% CI, 79.76-87.23%) 79.50% (95% CI, 76.53-82.25%)

Sensitivity 63.33% (95% CI, 56.89-69.44%) 80.83% (95% CI, 75.28-85.61%) 72.08% (95% CI, 67.84-76.05%)

Specificity 93.12% (95% CI, 88.03-96.52%) 88.12% (95% CI, 82.08-92.70%) 90.62% (95% CI, 86.89-93.59%)

LR+ 9.21 (95% CI, 5.17-16.43) 6.81 (95% CI, 4.44-10.43) 7.69 (95% CI, 5.44-10.86)

LR- 0.39 (95% CI, 0.33-0.47) 0.22 (95% CI, 0.17-0.28) 0.31 (95% CI, 0.27-0.36)

PPV 93.25% (95% CI, 88.25-96.58%) 91.08% (95% CI, 86.42-94.54%) 92.02% (95% CI, 88.81-94.55%)

NPV 62.87% (95% CI, 56.38-59.04%) 75.40% (95% CI, 68.59-81.39%) 68.40% (95% CI, 63.74-72.80%)

Bayes PTP 94% (95% CI, 88.8-97.0%) 92% (95% CI, 87.2-95.0%) 93% (95% CI, 89.5-95.1%)

AC: accuracy; LR+: positive likelihood ratio; LR: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; Bayes PTP: Bayes post-test probability.

13

Table  3  reveals  the  association  between  the 
subject’s  age  (adult≥18  and  minor<18)  and  the 
positive or negative test results (I3M <0.08 and 
I3M ≥0.08, respectively), and Table 4 summarises 
the measures for Ac, Se, Sp, LR+, LR-, PPV, NPV, 
and Bayes PTP. The data shows that 335 of 400 
male subjects were correctly diagnosed as adults 
or minors. So, the accuracy of the I3M of 0.08 in 
the  male  subjects  has  been  83.75%  (95%CI, 
79.76-87.23%).  Moreover,  301  of  400  female 
subjects  were  correctly  diagnosed,  which 
resulted  in  an  accuracy  of  75.25%  (95%CI, 
70.72-79.40%).  The  data  in  Table  3  also  shows 
that in male subjects, the proportion of correctly 
determined adults (194) out of all the adult male 
subjects (240), the sensitivity of the I3M 0.08 in 
males,  has  been  80.83%  (95%CI,  75.28-85.61%). 
For  female  subjects,  this  proportion  and 
sensitivity  were  152/240  and  63.33%  (95%CI, 
56.89-69.44%).  In other words,  an I3M of 0.08 

produced better results in diagnosing adult males 
than  adult  females.  On  the  other  hand,  the 
specificity, the proportion of correctly diagnosed 
minors out of all the subjects below 18 years old, 
was  better  for  females  (93 .12% ;  95%CI, 
88.03-96.52%;  149/160)  compared  to  males 
(88.12%;  95%CI,  82.08-92.70%;  141/160).  The 
LR+ was 7.69 (95%CI, 5.44-10.86),  showing that 
I3M <  0.08  is  7.69  more  likely  to  be  found in 
adult  individuals  (≥18)  rather than minors (<18). 
The  LR-  was  0.31  (95%CI,  0.27-0.36),  showing 
that  I3M  ≥0.08  is  0.31  less  likely  to  occur  in 
adults  (≥18)  than  minors  (<18).  In  the  current 
study, the PPV was 92.02%  (93.25%  for females 
and  91.08%  for  males) ,  indicating  a  high 
probability  of  being  an  adult  if  I3M is  <  0.08. 
Post- test  probabi l i ty  was  94%  (95%  CI, 
88.8-97.0%)  in  females  and  92%  (95%  CI, 
87.2-95.0%)  in  males,  considered  excellent  in 
both sexes. (Table 4)
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Table 4. The quantities from the cross-tabulation based on I3M of 0.08 for discrimination between 
adults (≥18) and minors (<18) in the sample of Iranian

Table 5 classifies the correct discrimination as an 
adult or minor based on age groups in both sexes. 
The data shows that the most remarkable error 
rate occurred in individuals with 18 years old (67.5 
%  in  females  and  57.5%  in  males),  followed by 
females at 19 years old (47.5%).
Ba sed  on  the  ROC  cur ve  ana l y s i s ,  the 
population-specific  cut-off  value  of  I3M 0.099 
was  acquired.  When  the  subjects'  sex  was 
considered, the cut-off value was defined as 0.097 
for  males  and  0.116  for  females.  As  shown  in 
Table 6, the cut-off value of 0.099 increased the 
sensitivity  of  discriminating adults  from minors 

(78.1  %  vs.  72.08%).  The  increase  in  sensitivity 
was  greater  when  the  specific  cut-off  value  for 
females  was  used  (0.116),  which  improved  the 
sensitivity from 63.33% to 73.8%. Specific cut-off 
value  for  males  (0.097)  also  increased  the 
sensitivity  from 80.83%  to  86.3%.  The  specific 
cut-off values similarly improved accuracy (81.9% 
vs. 79.50%) and NPV (72.7% vs. 68.40%). On the 
other  hand,  these  specific  cut-off  values 
decreased  the  specificity,  which  was  more 
significant  in  females  (87.5%  vs.  93.12%),  LR+ 
(6.25 vs. 7.69), LR- (0.25 vs. 0.31), and PPV (90.4% 
vs. 92.02%). (Table 6) 

Table 5. The number of correctly diagnosed subjects as adults or minors/total subjects according to age 
groups using I3M of 0.08. The percentage of correct diagnoses is presented in parentheses.

Test
Age 

Total
Adult≥18 Minor<18

Males 
and 
females

I3M <0.08 346 30 376

I3M ≥0.08 134 290 424

Total 480 320

Males

I3M <0.08 194 19 213

I3M ≥0.08 46 141 187

Total 240 160

Females

I3M <0.08 152 11 163

I3M ≥0.08 88 149 237

Total 240 160

Age (years) Females Males

14 39/40 (97.5%) 40/40 (100%)

15 37/40 (92.5%) 39/40 (97.5%)

16 38/40 (95%) 33/40 (82.5%)

17 35/40 (87.5%) 29/40 (72.5%)

18 13/40 (32.5%) 17/40 (42.5%)

19 21/40 (52.5%) 29/40 (72.5%)

20 26/40 (65%) 37/40 (92.5%)

21 24/40 (60%) 34/40 (85%)

22 31/40 (77.5%) 38/40 (95%)

23 37/40 (92.5%) 39/40 (97.5%)

14
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Table 6. The quantities are based on population-specific I3M cut-off values of 0.116 for females, 0.097 
for males, and 0.099 regardless of sex. (Please compare the results with Table 4)

DISCUSSION 
Forensic age estimation is highly valued because 
of  the  effects  the  results  would  have  on  the 
individual’s life. Lately, determining age has been 
one of the most common requests made by law 
enforcement and legal authorities, 23 mainly due 
to the increasing number of immigrants/refugees, 
unaccompanied  minors,  and  individuals  with 
missing or uncertain birth documents. Based on 
statistics,  in  2015,  over  two  hundred  thousand 
Middle Eastern persons,  most of  whom do not 
have  personal  documents,  traveled  through 
Serbia,  and  this  number  is  rising  due  to  the 
challenging situations in developing countries. 24 
The  importance  of  age  estimation  stands  out, 
especially in determining adults from minors.  A 
child considered as an adult is at greater risk of 
improper conduct,  precarious work,  forced into 
early marriage, or the armed forces. 9 So, it is it is 
c r uc ia l  to  app l y  a  re l i ab le method  for 
distinguishing  minors  from  adults.  Forensic 
dentistry works well  in this regard by analysing 
the  third  molar  maturity  index  introduced  by 
Cameriere since third molars are still developing 
at 18 years old. 3, 5, 6, 25

There  are  discrepancies  in  the  literature 
regarding the effect of population affinity on the 
accuracy of age estimation. Some studies showed 
heterogeneity  in  dental  development  between 
different  populations,  26  and  reported  more 
accurate  results  using  population-specific 
references. 27 However, Sgheiza and Liversidge 28 
explain  these  differences  by  discrepancies  in 
methodology between the reference and follow-
up  studies.  The  effect  of  sample  size  28,  29  and 
uneven  age  distribution  30,  31  on  producing  bias 

and increasing  the  error  rate  in  age  estimation 
methods  have  been  discussed  in  the  literature. 
Sgheiza  32  relates  the  population  effects  to  the 
location-based factors instead of ancestry. On the 
other  hand ,  mul t ip le  s tud ies  repor ted 
dissimilarities  in  the  development,  formation, 
and  eruption  of  third  molars  between  various 
popu la t ions .  14 ,  18 ,  26  Le wis  and  Senn  33 
recommended  that  populat ion - spec i f ic 
investigations  are  necessary for  dental  age 
estimation based on third molars due to variable 
developmental  rates and sexual  dimorphism of 
the third molar teeth between various population 
aff inities .  Based  on  such  f indings,  some 
researchers  also  suggest  validating  Cameriere’s 
method across different populations. 6, 17 So, this 
study verified the Cameriere third molar maturity 
index  in  an  Iranian  sample  and  provided 
population-specific cut-off values. 
We  evaluated  the  panoramic  radiographs  of 
individuals  aged  14-23,  during  which  the  third 
molar mineralisation is in process in most healthy 
individuals. 13, 34 Extending the upper age limit to 
older ages, whose third molars have closed apices, 
influences the mean value of I3M and adversely 
affects the discriminant performance of the test. 
Previous  studies  on  different  populations  also 
applied  a  similar  upper  age  limit  for  assessing 
third molar development. 16, 26, 35-37 The complete 
development of  mandibular  third molars  in the 
subjects of the current study started at age 15 for 
females  and 16 for  males.  This  finding suggests 
that  individuals  belonging  to  this  particular 
demographic who exhibit signs of complete apex 
closure should be acknowledged as being at the 

Quantities Females’ cut-off value* Males’ cut-off value Total cut-off value

AC 79.3% (95% CI, 74.9-83.1%) 86.5% (95% CI, 82.8-89.7%) 81.9% (95% CI, 79.0-84.5%)

Sensitivity 73.8% (95% CI, 67.7-79.2%) 86.3% (95% CI, 81.2-90.3%) 78.1% (95% CI, 74.2-81.7%)

Specificity 87.5% (95% CI, 81.4-92.2%) 86.9% (95% CI, 80.6-91.7%) 87.5% (95% CI, 83.4-90.9%)

LR+ 5.90 (‎95% CI, 3.89-8.95) 6.57 (95% CI, 4.40-9.82) 6.25 (95% CI, 4.66-8.38)

LR- 0.30(95% CI, 0.24-0.37) 0.16 (95% CI, 0.11-0.22) 0.25 (95% CI, 0.21-0.30)

PPV 89.9% (95% CI, 85.4-93.1%) 90.8% (95% CI, 86.8-93.6%) 90.4% (95% CI, 87.5-92.6%)

NPV 69.0% (95% CI, 64.1-73.5%) 80.8% (95% CI, 75.3-85.3%) 72.7% (95% CI, 69.1-76.0%)

  AC: accuracy; LR+: positive likelihood ratio; LR: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value.
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age of at least 15 for females or 16 for males. Some 
previous studies 36-38 also reported a comparable 
minimum age for apex closure of the mandibular 
third molar in males. However, the minimum age 
reported in these studies for females was higher: 
16,  38  17.63,  37  and  17.74.  36  Other  studies  39,  40 
reported a minimum age of 18-21 years for third 
molar apex closure in males and females.
Data  from  the  present  study  demonstrates 
statistically significant (P value < 0.05) disparities 
in  the mean ages  of  males  and females  within 
the range of I3M values from 0.04 to 0.5. The 
higher  mean  ages  in  females,  with  or  without 
statistically significant difference, were evident in 
almost all the I3M values except for I3M 0.5-0.9. 
These  results  closely  match  those  obtained  by 
Deitos et al. 25 in the Brazilian population, which 
revealed  a  notable  difference  in  sex  and  early 
development  in  males  throughout  most  of  the 
I3M ranges examined, except for the I3M range 
from 0.7 to 0.9. Galic' et al. 37 found comparable 
results in the Croatian population. They showed 
higher  mean  ages  in  female  subjects  in  all  the 
I3M  ranges  with  statistical ly  s ignif icant 
differences in I3M values between 0.00 and 0.3. A 
similar pattern was also noticed in the Albanian 
sample for the I3M range between 0.04 and 0.08. 
41  On  the  other  hand,  some  studies  found  no 
statistically significant difference in the timing of 
mandibular  third  molar  teeth  development 
between  males  and  females  across  various  I3M 
ranges. 3, 16, 36, 39

Our  findings  also  indicated  that  all  individuals 
with  I3M ≥  0.7  were  under  18  years  old.  This 
amount was different in other studies as it was ≥ 
0.9 for Serbian 42 and Croatian 37 samples, ≥ 0.3 
for  the  Libyan  sample,  43  and  ≥  0.7  for  South 
Indian females and ≥ 0.3 for South Indian males. 
40  However,  these  differences  should  be 
interpreted with caution since the classification 
of  I3M  did  not  follow  the  same  pattern  in 
different studies. 
This study employed the cut-off value of 0.08 
for I3M, proposed by Cameriere et al., 16 to assess 
the  efficacy  of  this  technique  in  the  Iranian 
population and to make the results  comparable 
with those of similar studies. The test's sensitivity 
was 80.83% for males and 63.33% for females. The 
sensitivity  is  lower  in  both  sexes  than  in  most 
previous studies. 3, 5, 6, 36, 39-41, 44, 45 However, it is 
superior to that reported in Saudi Arabia (52.3% 
for males and 51.3% for females). 46 The current 
study also exhibited a higher sensitivity in males 

than females,  indicating  that  the  test  identifies 
adults more accurately for males. Santiago et al. 
reported a  similar  pattern in a  meta-analysis  of 
multiple studies. 47 
Our  results  showed  a  relatively  high  specificity 
(90.62%,  93.12%  for  females,  and  88.12%  for 
males), better than the specificity reported by the 
studies on Brazilian, 25 Australian, 5 and Chilean 48 
samples. Almost similar specificity, especially for 
females, was reported by Cameriere et al. 41, De 
Luca et al. 39, and Galić et al. 37, respectively, for 
the  Albanian,  Colombian,  and  Croat ian 
populations.  However,  some  previous  studies 
reported higher specificities. 3, 6, 44, 46

Based  on  the  current  study's  findings,  the 
specificity was higher than the sensitivity.  Most 
previous studies also showed this pattern. 49 Only 
a few studies reported an inverse relation. 5, 39, 41 
The tendency for higher specificity indicates that 
the  examined  index  exhibits  a  higher  accuracy 
level in identifying individuals under 18 years old 
compared to its effectiveness in detecting adults. 
The  importance  of  prioritising  specificity  over 
sensitivity  in  age  estimate  methods  has  been 
emphasised  from  a  forensic  standpoint  and 
adheres to the principles of medical ethics. 16 It is 
ethically unacceptable if an individual under 18 is 
incorrectly identified as an adult since it  would 
breach their rights. 9 So, it is of vital importance 
to  eliminate  the  false  positive  results  (increase 
specificity). 
In this survey, the PPV was 93.25% in females and 
91.08% in males. PPV defines the probability of 
being an adult when the I3M is <0.08. This result 
shows that in the Iranian sample, when the I3M 
of an individual is < 0.08, the probability of that 
person being an adult is 93.25% for females and 
91.08%  for  males.  PPV was  reported  87%  and 
92%  for  Japanese  female  and  male  subjects.  45 
PPV was also reported in some previous studies 
as 94.6 to 98.1%.  3, 36, 42, 44 Previous studies also 
reported  NPV between  87%-100%,  3,  36,  42,  44 
while we found an NPV of 75.40% for males and 
62.87%  for  females.  The  NPV defines  the 
proportion of minors out of all the subjects with 
I3M  ≥0.08.  In  the  present  study,  the  higher 
specificity  compared  to  sensitivity  and  greater 
PPV than  NPV,  especially  in  female  subjects, 
suggest relatively high false negative results (I3M 
≥0.08 in adults) in females. In contrast, the false 
positive results (13M <0.08 in the subjects under 
18 years old) are relatively low in our sample.
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Most  errors  in  classifying  individuals  as  minors 
and  adults  by  I3M 0.08  in  the  current  survey 
occurred  at  18  in  both  sexes  (67.5  %  incorrect 
classification in females and 57.5% in males). The 
greatest  classification  errors  reported  by  the 
previous  studies  42,  44,  50  were  also  at  18.  The 
percentage  of  correctly  classified  subjects,  true 
positive or negative, across all the adult subjects, 
or the general accuracy was around 80% (83.75% 
for males and 75.25% for females). Almost similar 
accuracy (83%) was reported by Cameriere et al.. 
16  These  accuracies  are  higher  than  those 
reported by AlQahtani  et  al.  46  in Saudi Arabia 
but are lower than other previous studies. 5, 25, 39, 45, 

50-52  We should consider that the accuracy level 
for age estimation sufficient for criminal and civil 
cases  is  different.  The  threshold  is  usually 
considered higher in criminal cases compared to 
civil  cases.  However,  accepted  accuracies  for 
criminal and civil cases vary among countries. 53 
For  example,  in  Germany,  high accuracy  in  age 
estimation is needed, even in civil cases. Still, in 
Italy and numerous countries, 35 an accuracy rate 
of at least 51% might be considered adequate in 
civil cases. Additionally, the different types of age 
estimation  errors  are  interpreted  differently  in 
the criminal and civil frameworks. For instance, 
in  criminal  cases,  false  adults  (false  positive 
results) are the least favorable errors, which were 
relatively low in the current investigation.
This  study provided specific I3M cut-off  values 
(0.116  for  females,  0.097  for  males,  and  0.099 
regardless  of  gender).  Applying  these  values 
increased  accuracy,  sensitivity,  and  NPV, 
especially for females.  On the other hand, they 
reduced specificity and PPV to a smaller degree. 
These  data  may  indicate  a  decrease  in  false 

negative  results  (adults  wrongly  classified  as 
minors) but, at the same time, an increase in false 
positive  results  (children  wrongly  classified  as 
adults).  So,  although  applying  the  population-
specific cut-off values increased sensitivity due to 
the vital importance of the protection of the legal 
rights  of  minors,  the  authors  suggest  using 
Cameriere’s  I3M  cut-off  value  of  0.08  in  the 
Iranian population. 
Age  estimation  using  I3M  exhibits  limitations 
primarily  associated  with  variability  in  third 
molars'  position,  morphology,  and development. 
Considering these limitations in expert judgment 
is  essential  to  prevent  overestimation.  34,  54,  55 
Moreover, this method is not applicable without 
a  mandibular  third  molar  tooth,  which  may  be 
extracted  due  to  malposition  or  other  related 
complications.
In future studies, it is suggested that the I3M be 
accompanied by other age estimation methods to 
evaluate  whether  it  would  compensate  for  the 
lower  sensitivity  we  found  for  the  Iranian 
population.

CONCLUSION 
The  I3M  of  0.08  is  a  suitable  method  for 
discriminating minors from adults in the Iranian 
population. This study also provided population-
specific  I3M  cut-off  values  (0.116  for  females, 
0.097 for males, and 0.099 regardless of gender). 
These values  increased accuracy,  sensitivity,  and 
NPV, especially for females. On the other hand, 
they  reduced  specificity  and  PPV to  a  smaller 
degree.  Generally,  the  I3M  method  provides 
higher specificity than sensitivity, which implies a 
higher  accuracy  level  in  identifying  individuals 
under 18 years old. 
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