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ABSTRACT

In many countries, the 16 years of age threshold is considered 
to be legally relevant according to the law. This research aims 
to ascertain the sensitivity and specificity of Olze et al. stages 
of root pulp visibility (RPV) in a sample of 760 south Indian 
children aged between 12 and 20 years, with an age threshold of 
16 years, using receiver operating characteristic curves and area 
under the curve (AUC).  Spearman’s rho correlation showed a 
strong positive correlation between the RPV stages and age. 
No significant difference between the right and left lower first 
molars was seen. RPV Stage 2 showed the highest AUC in both 
females (0.813) and males (0.790). The performance of the RPV 
Stage  2  to  discriminate  the  legal  age  threshold  of  16  years 
resulted  in  the  sensitivity,  specificity  and  accuracy  values  of 
0.61, 0.96 and 0.77 in males, 0.65, 0.97 and 0.80 in females. It 
resulted  in  3.6%  and  2.9%  of  false  positives  and  38.5%  and 
34.5% of false negatives in both sexes. Even though, RPV Stage 
2 can discriminate reasonably well between two age categories, 
due to the high percentage of false negatives we recommend its 
use in conjunction with other age estimation methods.


INTRODUCTION 
Juvenile  crime/  delinquency  is  a  complex  problem  that 
continues to have a toll on our society. It involves wrong doing 
by a child or a young person who is under an age specified by 
the law. The minimum age of criminal responsibility indicates 
the lowest age at which children are held responsible for their 
alleged  criminal  acts.  It  has  been  applied  asymmetrically  by 
different countries hugely ranging from as low as 6 up to 18 
years of age.1 The age threshold of 16 years is relevant in many 
countries  like  India,  China,  Maldives,  Sri  Lanka,  Belgium, 
France, Netherlands, Argentina, UAE etc. It represents the age 
at which the criminal law is applied to juveniles (minimum of 
16  years  but  less  than 18  years)  who are  accused of  heinous 
crimes  and  therefore  treated  as  adults.2,  3  Often  sports 
organizations seek the help of medical and dental experts to 
estimate  the  age  of  players  in  the  16  year  old  threshold.4 

Therefore, age estimation methods that have shown reasonable 
accuracy should be applied to assign an age that the trial  or 
sentencing of  the accused will  be conducted in the adult  or 
juvenile justice courts. 
Currently, age estimation methods are based on the projection 
radiography  of  different  skeletal  elements  such  as  hand  and 
wrist, clavicle, knee and teeth.5- 10  Depending on the question  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to be answered, these methods may be more or 
less  useful  and  reliable.11  Age  estimation  using 
teeth is an accurate, reliable, minimally invasive, 
well known and widely used historic procedure.12, 

13  For  many  years,  prediction  of  the  legal  age 
thresholds  in  children and sub-adults  was  done 
using  the  mineralization and maturation of  the 
third  molars.14-  19  In  2010,  Olze  et  al.  studied 
regressive  changes  in  lower  third  molars  with 
completed root formation in younger age groups. 
They introduced a 4 stage classification based on 
the radiographic visibility of the root pulp. The 
mean age  and standard  deviation at  each stage 
was used to calculate the likelihood of attaining 
18 and 21 years of age.20 Studies in different racial 
groups  confirmed  the  radiographic  pulp 
examination as a reliable method and a valuable 
contribution in forensic age assessment.21- 24


The present study is a continuation of previous 
research25 that tested the radiographic visibility of 
the  root  pulp  in  the  lower  first  molars  for 
prediction of the attainment of adulthood. As in 
the previous research, the present study aimed at 
determining  the  accuracy  of  Olze  et  al20 
classification of root pulp visibility in lower first 
molars for estimating another key age of medico-
legal  importance  i.e.,  16  years.  The accuracy  of 
this stage classification was evaluated by Receiver 
operating  characteristic  (ROC)  analysis,  which 
combines the sensitivity and specificity in a single 
accuracy measure.


MATERIAL  AND METHODS


Sample

A total of 760 orthopantomograms (OPGs) from 
380 male  and 380 female  south Indian subjects 
with ages ranging 12 to 20 years were collected 
retrospectively  from the  digital  archives  of  the 
Department  of  Radiology  and  private  dental 
clinics. Table 1 shows the age and sex distribution 
of  the  sample.  Ethical  clearance  was  obtained 
from  the  Institutional  Ethics  Committee  to 
conduct  the  study.  The  need  for  obtaining 
in formed  consent  wa s  wa ived  due  to 
retrospective  nature  of  the  study.  OPGs 
belonging to individuals  of  south Indian origin 
(confirmed  using  national  identification  card), 
with  good  diagnostic  quality,  with  intact  right 
and left mandibular first molars were included in 
t h e  s t u d y.  O P G s  w i t h  c a r i e s ,  f i l l i n g s , 
endodontically  treated  first  molars,  positional 
anomalies ,  molars  with  incomplete  root 

formation or single roots were excluded from the 
study.  Each  OPG  was  assigned  a  unique 
identification  number  (UIN).  Details  of  each 
individual  such as  sex,  age,  UIN,  date  of  birth 
and  date  of  radiography  for  each  OPG  were 
recorded  separately  in  a  Microsoft  Excel  file. 
Chronological age of each subject was calculated 
by subtracting the date of birth from the date of 
exposure of the radiograph. 


Table 1. Age and sex distribution of the sample


Method

The proportion of obliteration of the root pulp 
in  lower  first  molars  with  completed  root 
formation was assessed using the staging system 
described  by  Olze  et  al.20  Figure  1  shows 
s c h e m a t i c  i l l u s t r a t i o n s  o f  t h e  s t a g e 
classifications and typical radiographs. 

All  OPGs were  analyzed a  by  single  examiner, 
who is  a  forensic  odontologist  with 6  years  of 
experience  in  evaluating  radiographic  images 
and  in  age  estimation.  The  examiner  was 
blinded for subjects  age and sex,  classified the 
lower first molars according to the stages of root 
pulp  visibility.  To explore  the  intra-  and  inter-
examiner agreement, 100 OPGs were randomly 
selected and re-evaluated after three months of 
the first evaluation. 


Statistical analysis 

Data  was  analyzed  in  IBM  SPSS  version  20.0 
(SPSS Inc., Chicago, IL, USA) with a significance 
level set at 5% (p<0.05). Cohen’s kappa statistics 
were performed to calculate the intra- and inter-
examiner  agreement.  Descriptive  statistical 
analysis  of  the  data  was  expressed  in  mean, 

Age groups Males Females Total

12-12.9 40 40 80

13-13.9 40 40 80

14-14.9 50 50 100

15-15.9 50 50 100

16-16.9 50 50 100

17-17.9 50 50 100

18-18.9 50 50 100

19-19.9 50 50 100

Total 380 380 760
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standard deviation (SD),  median with lower and 
upper quartiles, and minimum and maximum of 
the  root  pulp  visibility  of  lower  first  molars 
considering the 4 stage classification. Correlation 
between the age and root pulp visibility in lower 
first  molars  was evaluated using Spearman rank 
order correlation (rho). Chi- square test was used 
to observe the association between age as equal 
or above 16 years and stages of root pulp visibility.

The performance of  the stages  of  pulp  grading 
was tested by 2×2 contingency table. It generally 
displays the number of participants who are true 
positives, true negatives, false positives and false 
negatives.26  The performance of  each stage was 
assessed using accurate classification,  sensitivity, 
specificity,  positive  (LR+)  and  negative  (LR-) 
likelihood  ratios.  In  the  present  context,  the 
sensitivity  represents  the  rate  of  subjects 
correctly  classified  as  ≥16  years  old,  while 
specificity  represents  the  rate  of  subjects 
correctly classified as < 16 years. Likelihood ratios 
combine  the  sensitivity  and  specificity  into  a 
single value that indicates which cut-off is best in 
discriminating the age threshold. Values of LR+ > 

1, i.e., LR+ between 2 to 5 present small, 5 to 10 
present moderate and above 10 present large and 
often  conclusive  increases  the  likelihood  of 
subject to be older than 16 years. LR-  between 
0.2  and  0.5  present  small,  0.2  and  0.1  present 
moderate,  while  under  0.1  present  large  and 
often conclusive  decreases  in  the likelihood of 
age being above 16 years.27 

In the present study, the diagnostic accuracy of 
each  threshold  (stages  of  root  pulp  visibility) 
was  characterized  by  calculating  diagnostic 
sensitivity and specificity, which then combined 
in  the  ROC plot  and by  quantifying  the  areas 
under  the  ROC  curves  (AUC).  ROC  curve 
represents a graphical plot which illustrates the 
performance of a binary classifier system.28 AUC 
represents an approximate measurement of the 
diagnostic accuracy of a quantity. It ranges from 
0 to 1, where a value of 0 indicates a perfectly 
inaccurate  test,  while  a  value  of  1  perfectly 
accurate  test.28  An  AUC  of  0.5  represents  no 
discrimination, 0.7 to 0.8 considered acceptable, 
0.8  to  0.9  is  excellent  and  more  than  0.9  is 
considered outstanding.29 

Figure 1. Schematic representation of root pulp visualization stages proposed by Olze et al., 2010 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RESULTS

Kappa statistics  revealed  the  values  of  0.87  for 
intra-examiner  and  0.8  for  inter-examiner, 
indicating  substantia l  to  a lmost  perfect 
agreements (Table 2). Table 3 listed the reasons for 
the  exclusion of  OPGs that  include  insufficient 
image quality or fused roots (1.97% cases) and due 
to the presence of three rooted molars or multiple 
root  canals  (0.65%  cases) .  Total  analysed 
radiographs  accounted  up  to  97.3%.  Spearman’s 
rho  correlation  showed  a  strong,  positive  and 
statistically  significant  correlation  between  the 
stages  and  the  age  for  both  sexes  i.e.,  0.823 

(p<0.05) and 0.804 (p<0.05) for males and females, 
respectively.

To  test  the  variation  between  the  lower  first 
molars of right and left quadrants, analyses were 
performed separately for both teeth. In table 4 and 
5,  descriptive  data  of  each  stage  of  root  pulp 
visibility is displayed for both females and males of 
both lower first molars. Table 6 and 7 display the 
proportion of the subjects under and over 16 year 
age threshold. Figure 2 shows the distribution of 
the sample according to the chronological age (in 
years) for different stages of the root pulp visibility 
in both lower first molars (FDI, 36 & 46).  

Table 2. Kappa statistics of the intra- and inter-examiner agreement


CI; Confidence Interval


Table 3. Number of evaluated teeth and the teeth that could not be reliably assessed


Table 4. Descriptive statistics of chronological age according to sex and stage of root pulp visibility in tooth 36

N, Number; Min, Minimum; Max, Maximum; LQ, Lower quartile; UQ, Upper quartile; SD, Standard deviation.


Kappa 

value

95% CI
Reliability

Lower Upper

Intra-examiner 0.874 0.832 0.904 Substantial

Inter-examiner 0.803 0.776 0.839 Substantial

Tooth Sex Number 
of cases

Evaluated 
teeth

Insufficient 
quality image/ 

fused roots 

Three rooted 
molars/ 

multiple canals 

36
Male 380 368 8 4

Female 380 372 7 1

46
Male 380 368 9 3

Female 380 375 5 0

Stage N Min Max LQ Median UQ Mean SD

Females

0 74 12.04 14.84 12.31 13.52 14.41 13.43 0.9

1 162 12.06 19.93 14.53 15.67 16.65 15.56 1.5

2 128 13.54 19.98 17.7 18.42 19.18 18.33 1.1

3 8 16.26 19.55 17.9 18.8 19.29 18.47 1.06

Males

0 99 12 16.65 12.8 13.79 14.67 13.77 1.1

1 140 12.07 19.62 15.21 16.08 16.98 15.96 1.4

2 121 13.29 19.91 17.81 18.61 19.2 18.44 1.1

3 8 18.59 19.81 18.75 19.42 19.77 19.32 0.5
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Table 5. Descriptive statistics of chronological age according to sex and stage of root pulp visibility in tooth 46


N, Number; Min, Minimum; Max, Maximum; LQ, Lower quartile; UQ, Upper quartile; SD, Standard deviation.


Table 6. Stage distribution according to age threshold 16 years for tooth 36


Prop; Proportion


Table 7. Stage distribution according to age threshold 16 years for tooth 46


Prop; Proportion


Stage N Min Max LQ Median UQ Mean SD

Females

0 85 12.01 17.27 12.31 13.57 14.41 13.47 1.07

1 138 12.06 19.6 14.52 15.73 16.69 15.58 1.5

2 142 13.54 19.98 17.3 18.35 19.17 18.08 1.3

3 10 16.15 19.53 17.99 18.67 18.95 18.37 0.9

Males

0 87 12 15.41 12.69 13.41 14.39 13.55 0.9

1 122 12.07 19.62 15.01 15.95 16.95 15.84 1.5

2 154 13.29 19.91 17.25 18.44 19.1 18.03 1.3

3 05 18.59 19.78 18.9 19.61 19.77 19.39 0.5

Stage Total 
(N)

<16 Years >16 years
n Prop n Prop

Female

0 74 74 1 0 0
1 162 93 0.574 69 0.426
2 128 5 0.390 123 0.961
3 08 0 0 08 1

Male

0 99 93 0.939 06 0.611
1 140 69 0.493 71 0.507
2 121 06 0.5 115 0.95
3 08 0 0 08 1

Stage Total 
(N)

<16 Years >16 years

n Prop n Prop

Female

0 85 84 0.988 1 0.012

1 138 77 0.558 61 0.442

2 142 14 0.099 128 0.901

3 10 0 0 10 1

Male

0 87 87 1 0 0

1 122 62 0.508 60 0.492

2 154 19 0.123 135 0.877

3 05 0 0 05 1
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Figure 2: Box and whisker plots of the stages of root pulp visibility for males and females for tooth 36 
(left) and tooth 46 (right) 

ROC  cur ves  were  drawn  to  evaluate  the 
discriminatory  ability  of  the  4  stages  and  to 
determine the optimum cut-offs. Figure 3 and 4 
show the graphs for females and males for both 
teeth with respect to the 16 year age threshold. 
Based on the findings, it was found that the stage 
2 of root pulp visibility marked as the optimum 
cut-of for the 16 year old threshold in both sexes. 

Table 8 and 9 show the performance measures of 
the stage 2 root pulp visibility for both sexes in 
the lower first molars (FDI, 36 & 46). In females, 
for the lower left first molar (FDI, 36) the values 
of  AUC,  sensitivity,  specificity,  LR+,  LR-  and 
accuracy  were  0.813,  0.65,  0.97,  22.53,  0.36  and 
0.80, respectively. In males these values were 


0.790, 0.61, 0.96, 17.22, 0.4 and 0.77, respectively. 
LR+ value of 22.53 and 17.22 in females and males. 
This indicates that when the stage 2 of root pulp 
visibility was scored then a female is 23 times and 
a male is 17 times more likely to be over than the 
under 16 years of age threshold. LR- value of 0.36 
and 0.4 in females and males indicate that when 
the  stage  2  of  pulp  visibility  was  not  attained, 
then both the sexes are approximately 10 times 
more likely to be under than over 16 years of age. 
On the other hand, for the lower right first molar 
(FDI, 46), the values AUC, sensitivity, specificity, 
LR+, LR- and accuracy 0.805, 0.72, 0.92, 9.02, 0.3 
and 0.81  in  females  and 0.793,  0.70,  0.89,  6.19, 
0.34 and 0.79 in males, respectively. 

Figure 3. ROC Curves for root pulp visibility stage 2 for 16 year old threshold in 
females and males for tooth 36
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Figure 4. ROC Curves for root pulp visibility stage 2 for 16 year old threshold in 
females and males for tooth 46

Table 8. Performance measures of pulp visibility stage 2 for legal 
age threshold over 16 years using tooth 36

Table 9. Performance measures of pulp visibility stage 2 for legal 
age threshold over 16 years using tooth 46

Measures Females Males

Pulp visibility stage 2

AUC 0.813 (0.768- 0.858) 0.790 (0.743- 0.837)

Sensitivity 0.65 (0.58- 0.72) 0.61 (0.54- 0.68)

Specificity 0.97 (0.93- 0.99) 0.96 (0.92- 0.99)

LR+ 22.53 (9.44- 53.76) 17.22 (7.79- 38.07)

LR- 0.36 (0.29- 0.43) 0.4 (0.33- 0.48)

Accuracy 0.80 (0.76- 0.84) 0.77 (0.73- 0.82)

Measures Females Males

Pulp visibility stage 2

AUC 0.805 (0.759- 0.851) 0.793 (0.746- 0.841)

Sensitivity 0.72 (0.66- 0.78) 0.70 (0.63- 0.76)

Specificity 0.92 (0.87- 0.96) 0.89 (0.83- 0.93)

LR+ 9.02 (5.42- 15.01) 6.19 (4.01- 9.54)

LR- 0.3 (0.24- 0.38) 0.34 (0.27- 0.42)

Accuracy 0.81 (0.77- 0.85) 0.79 (0.74- 0.83)
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DISCUSSION 
Diagnostic tests play a significant role in modern 
medicine and have become a critical  feature of 
standard  medical  practice.30  Sensitivity  and 
specificity  are  the  measures  of  the  intrinsic 
diagnostic accuracy, known to be independent of 
the prevalence of the condition.31 In the present 
investigation, we set out to find the optimum cut-
of value (i.e., stage of root pulp visibility in lower 
first molars)  that combines the highest possible 
specificity  (important  in  criminal  context)  and 
the highest obtainable sensitivity (percentage of 
true  negatives)  for  discriminating  whether  a 
subject is ≥16 years. 

Originally,  Olze  et  al20  studied  the  root  pulp 
visibility  in  the  lower  third  molars  for  forensic 
age estimation purposes. However, in the present 
study  we  tested  this  method  in  the  lower  first 
molars. There are two important reasons why the 
authors in the present study chose to evaluate the 
lower first molars; firstly, the increased frequency 
of  missing  third  molars  and  secondly,  the 
presence  of  third  molars  with  incomplete  root 
formation. It is reported that the prevalence of 
third molar agenesis is high and is ranging up to 
28%.32  Timme  et  al33  in  their  study  reported 
higher  number  of  missing  third  molars  (46  to 
60%)  indicating  it  as  a  main  limitation  of  this 
method.  According  to  the  original  method,20 
third molars with incomplete roots (not attained 
Demirjian  stage  H)  could  not  be  included  for 
evaluation. In the present study, when the OPGs 
of subjects aged 12 -  20 years were evaluated; a 
very high percentage of third molars (>50%) with 
incomplete  mineralization were seen,  indicating 
that this methodology20 could not be applied to 
predict the legal age threshold of 16 years using 
third molars. Therefore, for the reliability of our 
results and based on the previous study findings,25 

we decided to study the radiographic visibility of 
root pulp in lower first molars. 
The Study Group on Forensic  Age Diagnostics 
(AGFAD)  of  the  German  society  of  Legal 
Medicine,  recommended  the  use  of  multiple 
methods in combination, for optimal accuracy.34 

The  ideal  age  estimation  method is  a  constant 
quest for forensic experts. Every method exhibits 
variations  in  their  accuracy,  sensitivity  and 
specificity especially when considered at different 
age  thresholds.35  Very  few  authors  in  the  past 
have tested the age threshold of 16 years. Table 10 
summarized the list of studies and their outcome 
measures. The authors have analysed the maturity 
of the third molars alone,17 maturity of the second 
and  third  molars  combined,3,  16  Demirjian’s 
staging  system  for  second  and  third  molars 
combined,36  and  for  all  lower  seven  teeth 
combined37 and radiographic examination of root 
pulp visibility in the lower first molars (present 
study).  Cameriere  et  al16  analysed  the  apical 
maturity of second and third molars and reported 
sensitivity and specificity values of 0.79 and 0.81. 
When Wang et al3 analysed the same parameters 
in a southern Chinese sample, similar sensitivity 
value  of  0.78  was  reported,  however,  better 
specificity value of 0.97 was observed. When the 
maturity  of  third  molars  alone  was  assessed, 
sensitivity and specificity values of 0.91 and 0.85 
in  males  and  0.9  and  0.87  in  females,  were 
obtained in a south Indian sample.17 Cardoso et 
al36  examined  the  second  and  third  molars 
separately,  and  in  combination  using  the 
Demirjian  staging  system.  They  reported  a 
sensitivity of 0.86 and specificity of 0.77 when 
the  combination  of  second  and  third  molars 
were assessed.  In the present investigation,  we 
have obtained optimum sensitivity  values  (0.61 
and 0.65) and better specificity values (0.96 and 
0.97)  in males and females,  respectively.  Pinchi 
et  al37  tested  the  usefulness  of  Demirjian  and 
Wil lem  a ge  est imation  methods  for  the 
assessment  of  the  attainment  of  the  14  years 
threshold in Italian children. Both methods have 
resulted  in  higher  sensit iv ity  and  lower 
spec i f ic i ty  va lues .  These  d i f ferences  in 
sensitivity  and  specificity  values  might  be 
related to the parameters tested and the existing 
d e v e l o p m e n t a l  v a r i a t i o n s  between  the 
populations. 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Table 10. Data from previously published studies with different cut-off values tested in various 
populations for predicting the legal age threshold of 16 years


AUC, Area under the curve; I2M, Second molar maturity index; I3M, Third molar maturity index; D, Demirjian’s method;  
W, Willems method

For  each  threshold,  there  is  a  combination  of 
sensitivity  and  specificity  which  are  then 
combined in the ROC plot, resulting in the AUC 
that indicates  the performance of  the test.38  In 
the  present  investigation,  the  AUC for  stage  2 
root  pulp  visibility  was  0.813  for  females  and 
0.790  in  males  indicating  that  a  randomly 
selected individual (either male or female)  from 
the  older  age  category  (≥16  years)  will  have  a 
greater grade of root pulp visibility (stage 2 and 
above) compared to a randomly chosen individual 
from  the  younger  age  category  (<16  years) 
approximately  80%  of  the  time.  This  indicates 
that  diagnosing age at  least  16  years  from root 
pulp visibility stages can discriminate reasonably 
well between two age categories.  Similarly, every 
threshold has the likelihood ratios of a positive 
(LR+) and negative (LR-) test result to express the 
probability  of  a  diagnostic  test  result.36  In  the 
present study, the test result of a stage 2 root pulp 
visibility is more than 23 times in a female and 17 
times  in  a  male  more  likely  to  occur  in  an 
individual at least 16 years otherwise to someone 
younger than 16. Similarly, LR- of approximately 
0.4  in  both  sexes  indicates  that  an  individual 
marked with early  stages  of  root  pulp  visibility 

(stage 0 and 1) is one in ten more likely to be seen 
if age is at least 16 years than otherwise i.e., if age 
is in younger category. 

Our  study  also  provides  the  results  for  the 
error  in discriminating minors  (<16 years)  and 
accountable juveniles (≥16 years). When stage 2 
root pulp visibility was used as an age marker 
f o r  1 6  y e a r s ,  i t  r e s u l t e d  i n  e t h i c a l l y 
unacceptable  (false  positive)  and  technically 
unacceptable  (false  negative)  errors.  The 
highest  error  rates  were  false  negatives  i.e., 
38.5% of males and 34.5% of females who were 
aged equal  or  above 16 years  was  classified as 
below  16  years.  Misclassification,  which  is 
important from the medico-legal point of view 
(false  positives)  were  kept  to  minimum  i.e., 
3.6% of males and 2.9% of females.

E a c h  a g e  e s t i m a t i o n  m e t h o d  m u s t  b e 
overviewed in conjunction with its advantages 
and  disadvantages.  The  advantages  of  this 
method are; firstly, it can be applied in subjects 
without third molars. Secondly, high specificity 
values  were  obtained  in  both  sexes,  which  is 
extremely  important  in  the  criminal  law 
context,  which  expresses  the  rate  of  false 
positives.39 Even though, Wang et al3 obtained 

Author

(Year)

Parameters 

assessed Accuracy Sensitivity Specificity AUC

Pinchi et 
al (2012)37

Maturation of all mandibular 
teeth excluding third molars

--- D: 0.80

W: 0.95

D: 0.61

W: 0.86

---

Cameriere 
et al 

(2018)16

Combination of second (I2M) 
and third molar (I3M) maturity 

indices
0.80 0.79 0.81 0.890

Cardoso et 
al (2018)36

Demirjian staging system for

2nd & 3rd molars combined 0.82 0.86 0.77 0.926

SB Balla 
et al


(2019)17

Third molar maturity 

index (I3M)

M: 0.88

F: 0.89

M: 0.91

F: 0.90

M: 0.86

F: 0.87 0.936

Wang et al 

(2020)3

Combination of second (I2M) and 
third molar (I3M) maturity indices 0.88 0.78 0.97

0.803 (I2M)

0.945 (I3M)

Present 
study 

(2020)

Olze et al., stages of Root pulp 
visibility in lower first molars

M: 0.77

F: 0.80

M: 0.61

F: 0.65

M: 0.96

F: 0.97

M: 0.790

F: 0.813
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higher specificity values using the combination 
of second and third molar maturity index values, 
they reported that this methodology could not 
be used in case the third molars were missing. 
One possible disadvantage in the present study 
is  the  lower  sensitivity  values  in  both  sexes. 
However,  it  is  less  damaging  to  classify  an 
individual as being younger than 16 years, when 
they  are  not,  than  classifying  a  minor  as  an 
accountable  juvenile.40  Although  this  study 
provides  some  indication  of  the  quality  age 
p r e d i c t i v e  m o d e l  i . e . ,  r e a s o n a b l y  we l l 
discrimination between two age categories using 
stage  2  of  root  pulp  visibility  in  lower  first 
molars,  we advise the combination of methods 
due to the high percentage of false negatives.

CONCLUSIONS

After  examining  a  sample  of  south  Indian 
children aged between 12 and 20 years using ROC 
curves,  we found that  the stage 2  of  root  pulp 
visibility  can  be  used  to  predict  the  age  of  16 
years  or  over.  In  particular,  this  study  suggests 
that  dental  age  assessment  can  be  done  with 
reasonable accuracy, especially the prediction of 
the 16 year old age threshold using teeth other 
than the third molars. However, due to the high 
percentage of false negatives, we advise the use of 
this method in conjunction with other methods. 
Further research should be done to validate the 
use  of  root  pulp  visibility  in  teeth  other  than 
molars for prediction of the attainment of legal 
age thresholds in children and sub-adults. 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