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ABSTRACT 
The goal of long term research on age assessment is to focus on 
the strengths and weaknesses of existing reliable methods of 
age estimation. In cases of age estimation when all teeth are 
present,  maximum accuracy can be obtained using a 7 tooth 
model.  Demirjian’s  system  and  Willems  models  require  all 
seven  mandibular  teeth  in  the  lower  left  quadrant  for  age 
assessment. Unfortunately, these methods cannot be applied in 
children with hypodontia. In 2019, Bedek et al., from Croatia, 
developed  new  models  of  age  estimation  based  on  a 
combination of one to seven mandibular teeth. In the present 
study, we tested the accuracy of the newly developed models 
for age estimation in South Indian children. Tested in parallel 
with  Willems  models,  the  accuracy  of  the  new models  was 
tested in terms of mean difference, mean absolute error (MAE) 
and percentage of correct estimations within intervals of +0.5 
and  +1  years.  In  terms  of  mean  difference  between 
chronological  age  (CA)  and  estimated  dental  age  (DA),  all 
models  along with Willems models  have underestimated the 
CA except Bedek et al’s 6 tooth model where overestimation of 
CA was  seen  in  boys.  For  MAE and  percentage  of  correct 
estimations,  the new models  performed better than Willems 
models. With regards to our results, it can be concluded that 
the  new models  for  dental  age  calculation  are  accurate  and 
suitable.  Therefore,  we  may  encourage  their  use  for  age 
estimation in South Indian children, particularly in individuals 
with hypodontia or when multiple teeth are missing.

INTRODUCTION 
The  need  for  accurate  age  estimation  exists  when  the 
chronological age (CA) of the individual who is in conflict with 
the law and who was not known or could not be documented.1 
In  the  majority  of  countries,  court  officials  rely  either  on 
forensic practitioners or health authorities (in UAE) to provide 
specific age estimations in an attempt to reduce inappropriate 
judicial ruling and to carry out age-dependent legal procedures 
in  accordance  with  the  law.1-  3  Adapting  an  appropriate  and 
accurate age assessment method for any population group in 
need  is  vital  in  forensic  practice.  Many  methods  which  are 
accepted  all  over  the  world  are  based  on  the  analyses  of 
Europeans and North Americans, pointing out the scarcity and 
underrepresentation  of  literature  for  scientific  standards  for 
the  populations  most  in  need.4  Owing  to  the  changes  in 
modern  population  such  as  global  migrations,  increased 
number  of  intermarriages  and  other  environmental  factors, 
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there is a need to set new contemporary global 
standards,  as  a  large  proportion  of  available 
methods  were  formulated  several  generations 
ago. 
In 1973, Demirjian and co-workers derived dental 
maturity  scores  by  evaluating  the  dental 
development  of  children  of  French-Canadian 
origin.5 Three years later (1976), the same authors 
updated their work by increasing the sample size 
to  incorporate  dental  maturity  scores  for 
additional tooth development stages.  They also 
presented  scoring  systems  and  percentile 
standards for two different sets of four teeth.6 To 
date, Demirjian’s method is considered to be the 
oldest  and  most  frequently  used  method  for 
dental  age  estimation  in  children.  Later,  a 
multitude  of  validation  studies  exploring  the 
reliability and accuracy of Demirjian’s system in 
populations  foreign  to  the  original  reference 
sample, resulted in an overestimation of CA.7- 9 
In their original work, Demirjian et al., reported 
a possibility that their method may not be valid 
in  other  populations  and  perhaps  adaptations 
should be made. Considering this, Willems et al, 
in  2001,  presented  a  modified  scoring  system 
based on a Belgian Caucasian sample, which is a 
relatively  simple  system.  Using  these  models, 
dental age (DA) is calculated by summing scores 
assigned to each stage of a single tooth.10 When 
its accuracy was tested in different comparative 
studies, it revealed greater accuracy consistently 
in estimating CA.11- 13

The most significant disadvantage of Demirjian’s 
system and Willems models,  is  that  neither  of 
these  methods  can  be  used  in  children  with 
multiple missing teeth or those with mandibular 
hypodontia.  To date, no method in the literature 
was put forward to assess CA in living individuals 
or  incomplete  human  remains  with  multiple 
missing  mandibular  teeth.   Bedek  et  al. , 
highlighted  the  absolute  necessity  of  age 
estimation methods, particularly in cases where 
there  is  an  absence  of  several  teeth  as  in 
hypodontia or incomplete human remains with 
multiple  missing  teeth.14  They  developed  and 
tested  new  models  for  dental  age  estimation 
based  on  a  combination  of  one  to  seven 
mandibular teeth using univariate regression and 
regres s ion  wi th  for ward  and  backward 
elimination. 
In the same study, Bedek et al., also tested new 
age  estimation  models  by  comparing  their 
performance  in  parallel  with  Willems  models. 

Results showed that the newly developed models 
significantly  surpass  the  accuracy  of  Willems 
models.14  To  the  best  of  our  knowledge,  no 
studies are available in the dental literature that 
tested the accuracy of Bedek et al’s new models 
of  age  estimation.  Therefore,  this  study  was 
aimed to evaluate the accuracy of Bedek et al’s 
new  models  (gender  specific  scores)  for  age 
estimation  of  7  to  15  year  old  South  Indian 
children  and  to  compare  their  accuracy  with 
Willems models.

MATERIAL  AND METHODS 

Materials 
Six  hundred  and  fifty  orthopantomographs 
(OPGs) of children (275 boys and 375 girls) aged 
between  7  and  1 5  year s  were  co l l ec ted 
retrospectively  from  four  different  states  of 
Southern  India:  Telangana,  Andhra  Pradesh, 
Chennai  and  Bangalore.  Table  1  shows  the  age 
and  gender  distribution  of  the  sample.  All  the 
OPGs  were  obtained  from  private  clinical 
pract i t ioners ,  taken  for  the  purpose  of 
radiological diagnosis. No OPG was taken for the 
sole purpose of this investigation. Ethics approval 
to  undertake  this  investigation  was  granted  by 
the Institutional  ethics  committee.  OPGs from 
individuals of South Indian origin, aged between 
7 to 15 years, with no apparent dental pathology 
on the left side of the mandible,  all  permanent 
teeth present in the lower left quadrant (except 
third  molars)  were  included.  Exclusion  criteria 
were  OPGs  with  incomplete  details,  dental 
pathology  of  permanent  teeth,  low  quality 
radiographs,  history  of  systemic  diseases  and 
congenital anomalies. 
All  OPGs  were  digitalised  and  each  OPG was 
coded  with  unique  identification,  with  relevant 
information about date of birth (DOB) and date 
of exposure (DOE).  Chronological age (CA)  for 
each  ind iv idua l  wa s  then  ca lcu la ted  by 
subtracting DOB from DOE of the radiograph, 
which  was  then  converted  into  decimal  points 
(years  and  months)  as  a  fraction  of  twelve 
months. 

Methods  
The developmental  stages  of  seven  permanent 
mandibular teeth on the left side of the jaw were 
evaluated using Demirjian’s method.5 Details of 
the combination of mandibular teeth to derive 
new models of age estimation for both genders 
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were  presented  in  table  2.  Coefficients  were 
a s s i g n e d  g e n d e r  w i s e  b a s e d  o n  t h e 
developmental  sta ges  of  the  teeth.  The 
coefficients of individual teeth were summed up. 
The age of each individual was calculated by the 
formula: 
Dental age= Intercept + coefficients assigned to 
the tooth stages in the model

Table 1. Age and Gender distribution of the 
sample (n=650)

Table 2. Combination of one to seven 
mandibular teeth used to derive new models of 
dental age estimation by Bedek et al., in both 

genders

†FDI notation 

Table  3  show  the  details  of  the  formulae  for 
different  tooth  models  for  boys  and  girls 
separately. 
All  the  OPGs  were  examined  for  staging  by  a 
single examiner (single blind approach), a forensic 
odontologist  (SB  Balla),  who  had  six  years  of 
experience in evaluating radiographic images and 
age  estimation.  The  second  examiner  was  a 
dentist  with  a  Master’s  degree  in  orthodontics 
(SA Ankisetti). To test intra- and inter- examiner 
agreement,  100  OPGs  were  selected  randomly 
and re-assessed after an interval of one month.

Statistical analysis  
Statistical  and  mathematical  analyses  were 
carried out using SPSS software version 20.0 for 
Windows (SPSS Inc, Chicago, IL, USA).  Kappa 
statistics  were  applied  to  determine  intra-  and 
inter-examiner agreement. A Paired sample t-test 

w a s  p e r f o r m e d  t o  q u a n t i f y  s t a t i s t i c a l 
significance of the difference between the CA 
and estimated dental  age (DA)  among all  age 
groups  in  each  sex  for  all  models.  For  all 
tested  models,  differences  at  the  individual 
level  were  evaluated  by  subtracting  CA from 
DA,  expressed  in  mean  error  (ME) ,  that 
indicates  the direction of  the error  (over-  vs. 
u n d e r e s t i m a t i o n ) . 1 5  We  a l s o  c a l c u l a te d 
absolute  mean  difference  or  mean  absolute 
error  (MAE),  which  expresses  the  magnitude 
of  the  error  for  all  models  in  each  sex.  The 
results  of  Bedek  et  al’s  new  models  were 
compared  with  Willems  models,  and  their 
accuracy was determined by the percentage of 
correct  estimations  within  specified  intervals 
i.e.,  +0.5 years and +1 year.  If  the obtained p-
value  was  less  than  0.05,  the  results  were 
considered statistically significant. 

Age groups Boys Girls Total

7- 7.9 7 10 17

8- 8.9 14 16 30

9- 9.9 24 22 46

10- 10.9 28 37 65

11- 11.9 36 94 130

12- 12.9 49 79 128

13- 13.9 53 53 106

14- 14.9 64 64 128

Total 275 375 650

Bedek et al., 
New models 
of dental age 

estimation

Combination of teeth† 

Boys Girls 

Seven-teeth 
model

31-37 31-37

Six-teeth 
model

31 33 34 35 36 
37

32 33 34 35 36 
37

Five-teeth 
model

31 33 34 36 37 32 33 34 36 37

Four-teeth 
model

31 33 34 37 32 33 34 37

Three-teeth 
model

33 34 37 32 34 37

Two-teeth 
model

34 37 34 37

One-tooth 
model

34 37
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Table 3. Calculation of dental age (DA) using newly developed models in Boys and Girls, separately

RESULTS 
Kappa  statistics  revealed  that  there  were  no 
statistically significant differences between intra- 
and  inter-examiner  agreement.  Kappa  values  of 
intra-examiner  agreement  varied  from 0.76  for 
first molar to 0.91 for first premolar, while inter-
examiner agreement varied from 0.73 for second 
premolar to 0.9 for the central incisor (Table 4). 

Boys 

Group differences
Tables  5  -  12  showed  the  results  of  mean 
comparisons of estimated DA with CA for each 
age group for both Willems models and Bedek et 
al’s  newly  developed  models.  When  the  mean 
differences  between  DA and  CA for  individual 
age groups were evaluated, it shows that Willems 
models  have  the  least  number  of  significantly 
different age groups (i.e., 4 out of 8). Among the 
new models of Bedek et al’s 3 to 7 tooth models 

have 7 out 8 significantly different age groups, 
wherea s  1  and  2  tooth  mode l s  ha ve  a l l 
significantly different age groups.
When  the  mean  data  of  all  age  groups  was 
calculated,  except  Willems  models,  all  newly 
d e v e l o p e d  m o d e l s  s h o we d  s t a t i s t i c a l l y 
significant differences between the DA and CA; 
Willems models (t=-0.468; p=0.640), Bedek et al’s 
7 tooth model (t=-8.476; p=0.000), 6 tooth model 
(t=13.249;  p=0.000),  5  tooth  model  (t=-8.941; 
p=0.000),  4  tooth  model  (t=-8.900;  p=0.000),  3 
tooth  model  (t=-9.249;  p=0.000),  2  tooth  model 
(t=-12.542; p=0.000)  and 1 tooth model (t=-10.709; 
p=0.000). When the overall mean age deviations 
were  calculated,  Willems  models  had  the 
smallest mean error of -0.03 years,  for Bedek et 
al’s  7  tooth  model  (-0.55  years),  6  tooth  model 
(0.75  years),  5  tooth model  (-0.59  years),  4 tooth 
model (-0.59 years),  3 tooth model (-0.67 years),  2 
tooth  model  (-0.92  years)  and  1  tooth  model 
(-0.86 years). 

Model Formula

Boys

31-37 (Seven- teeth) DA= 4.396 + Sum of coefficients assigned to the stages of teeth in the model

31 33 34 35 36 37 (Six- teeth) DA= 4.544 + Sum of coefficients assigned to the stages of teeth in the model

31 33 34 36 37 (Five- teeth) DA= 4.664 + Sum of coefficients assigned to the stages of teeth in the model

31 33 34 37 (Four- teeth) DA= 5.451 + Sum of coefficients assigned to the stages of teeth in the model

33 34 37 (Three- teeth) DA= 6.069 + Sum of coefficients assigned to the stages of teeth in the model

34 37 (Two- teeth) DA= 5.370 + Sum of coefficients assigned to the stages of teeth in the model

34 (One- tooth) DA= 5.828 + Sum of coefficients assigned to the stages of teeth in the model

Girls

31-37 (Seven- teeth) DA= 5.095 + Sum of coefficients assigned to the stages of teeth in the model

32 33 34 35 36 37 (Six- teeth) DA= 5.077 + Sum of coefficients assigned to the stages of teeth in the model

32 33 34 36 37 (Five- teeth) DA= 5.079 + Sum of coefficients assigned to the stages of teeth in the model

32 33 34 37 (Four- teeth) DA= 5.122 + Sum of coefficients assigned to the stages of teeth in the model

32 34 37 (Three- teeth) DA= 5.350 + Sum of coefficients assigned to the stages of teeth in the model

34 37 (Two- teeth) DA= 5.350 + Sum of coefficients assigned to the stages of teeth in the model

37 (One- tooth) DA= 5.771 + Sum of coefficients assigned to the stages of teeth in the model
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Table 4. Intraexaminer and Interexaminer agreement of Demirjian’s stages of tooth development

Table 5. Comparison between chronological age and dental age estimated using Willems gender 
specific scores in boys and girls 

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom

26

Tooth 31 32 33 34 35 36 37 Mean

Intra 0.84 0.87 0.89 0.91 0.83 0.76 0.79 0.84

Inter 0.9 0.88 0.78 0.82 0.73 0.78 0.85 0.82

Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 7.24 (0.46) -0.11 (0.46) -0.54 to 0.31 -0.66 (6) 0.530

8- 8.9 (14) 8.51 (0.29) 7.99 (0.57) -0.52 (0.64) -0.89 to -0.15 -3.05 (13) 0.009*

9- 9.9 (24) 9.37 (0.26) 8.86 (1.04) -0.51 (1.08) -0.96 to -0.05 -2.03 (23) 0.030*

10- 10.9 (28) 10.39 (0.26) 9.73 (0.72) -0.65 (0.63) -0.91 to -0.41 -5.44 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 11.49 (1.25) 0.09 (1.19) -0.31 to 0.49 0.47 (35) 0.641

12- 12.9 (49) 12.47 (0.27) 12.29 (1.64) -0.17 (1.6) -0.63 to 0.28 -0.77 (48) 0.444

13- 13.9 (53) 13.51 (0.29) 13.74 (1.61) 0.23 (1.49) -0.17 to 0.65 1.17 (52) 0.247

14- 14.9 (64) 14.44 (0.29) 14.77 (1.32) 0.33 (1.27) 0.01 to 0.64 2.08 (63) 0.041*

7- 14.9 (275) 12.17 (2.01) 12.13 (2.63) -0.03 (0.07) -0.19 to 0.11 -0.46 (274) 0.640

Girls

7- 7.9 (10) 7.52 (0.31) 7.71 (1.27) 0.18 (0.36)  -0.63 to 1.01 0.51 (9) 0.617

8- 8.9 (16) 8.34 (0.25) 7.6 (0.9) -0.74 (0.96) -1.25 to -0.22 -3.07 (15) 0.008*

9- 9.9 (22) 9.45 (0.25) 8.89 (2.07) -0.56 (2.07) -1.48 to0.35 -1.27 (21) 0.218

10- 10.9 (37)  10.42 (0.25) 9.55 (1.52) -0.87 (1.46) -1.36 to -0.38 -3.63 (36) 0.001*

11- 11.9 (94) 11.41 (0.28) 10.58 (1.43) -0.82 (1.43) -1.11 to -0.52 -5.54 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 12.06 (1.51) -0.36 (1.49) -0.71 to -0.03 -2.18 (78) 0.032*

13- 13.9 (53) 13.46 (0.29) 13.73 (1.52) 0.26 (1.5) -0.14 to 0.68 1.30 (52) 0.198

14- 14.9 (64) 14.46 (0.23) 15.16 (1.06) 0.71 (1.02) 0.44 to 0.96 5.15 (63) 0.000*

7- 14.9 (375) 11.99 (1.8) 11.72 (2.66) -0.27 (0.07) -0.42 to -0.11 -3.43 (374) 0.001*
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Table 6. Comparison between chronological age and dental age estimated using Bedek et al., 7- 
teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom

27

Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA- CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.58 (0.35) -0.77 (0.13) -1.11 to -0.43 -5.57 (6) 0.001*

8- 8.9 (14) 8.51 (0.29) 7.17 (0.69) -1.33 (0.21) -1.77 to -0.89 -6.6 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 8.5 (1.38) -0.87 (0.28) -1.46 to -0.27 -3.01 (23) 0.006*

10- 10.9 (28) 10.39 (0.26) 9.72 (0.93) -0.66 (0.87) -1.01 to -0.32 -4.01 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 11.31 (1.01) -0.08 (0.16) -0.41 to 0.23 -0.55 (35) 0.582

12- 12.9 (49) 12.47 (0.27) 11.9 (0.19) -0.56 (0.18) -0.94 to -0.18 -3.01 (48) 0.004*

13- 13.9 (53) 13.51 (0.29) 13.07 (1.24) -0.43 (0.15) -0.74 to -0.11 -2.77 (52) 0.008*

14- 14.9 (64) 14.44 (0.29) 13.88 (0.9) -0.55 (0.11) -0.77 to -0.34 -5.13 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.61 (2.38) -0.55 (0.06) -0.68 to -0.42 -8.47 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 7.93 (1.49) 0.41 (0.45) -0.61 to 1.43 0.91 (9) 0.389

8- 8.9 (16) 8.34 (0.25) 7.86 (0.91) -0.48 (0.25) -1.02 to 0.06 -1.89 (15) 0.078

9- 9.9 (22) 9.45 (0.25) 9.22 (1.86) -0.22 (0.39) -1.05 to 0.59 -0.57 (21) 0.570

10- 10.9 (37)  10.42 (0.25) 10.01 (1.17) -0.41 (0.18) -0.78 to -0.04 -2.26 (36) 0.030*

11- 11.9 (94) 11.41 (0.28) 10.88 (1.12) -0.52 (0.11) -0.75 to -0.29 -4.50 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 12.01 (1.16) -0.42 (0.12) -0.67 to -0.16 -3.29 (78) 0.001*

13- 13.9 (53) 13.46 (0.29) 13.23 (1.06) -0.22 (0.14) -0.51 to 0.06 -1.59 (52) 0 118

14- 14.9 (64) 14.46 (0.23) 14.16 (0.75) -0.29 (0.09) -0.47 to -0.11 -3.24 (63) 0.002*

7- 14.9 (375) 11.99 (1.8) 11.62 (2.11) -0.36 (0.05) -0.48 to -0.25 -6.32 (374) 0.000*
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Table 7. Comparison between chronological age and dental age estimated using Bedek et al., 6- 
teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom

28

Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 8.51 (0.36) 1.15 (0.16) 0.75 to 1.55 7.08 (6) 0.000*

8- 8.9 (14) 8.51 (0.29) 9.14 (0.61) 0.63 (0.18) 0.23 to 1.03 3.43 (13) 0.004*

9- 9.9 (24) 9.37 (0.26) 10.36 (1.26) 0.98 (0.26) 0.43 to 1.53 3.72 (23) 0.001*

10- 10.9 (28) 10.39 (0.26) 11.48 (0.96) 1.09 (0.17) 0.73 to 1.45 6.29 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 12.88 (0.81) 1.47 (0.13) 1.2 to 1.74 11.51 (35) 0.000*

12- 12.9 (49) 12.47 (0.27) 13.35 (1.1) 0.88 (0.15) 0.56 to 1.19 5.64 (48) 0.000*

13- 13.9 (53) 13.51 (0.29) 14.12 (0.82) 0.62 (0.11) 0.42 to 0.82 6.16 (52) 0.000*

14- 14.9 (64) 14.44 (0.29) 14.56 (0.47) 0.12 (0.06) -0.01 to 0.25 1.81 (63) 0.075

7- 14.9 (275) 12.17 (2.01) 12.93 (1.91) 0.75 (0.05) 0.64 to 0.87 13.24 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 7.63 (1.79) 0.11 (0.54) -1.11 to 1.33 0.19 (9) 0.848

8- 8.9 (16) 8.34 (0.25) 7.65 (1.27) -0.68 (0.33) -1.39 to 0.02 -2.06 (15) 0.057

9- 9.9 (22) 9.45 (0.25) 9.17 (1.96) -0.28 (0.41) -1.14 to 0.58 -0.67 (21) 0.508

10- 10.9 (37)  10.42 (0.25) 10.01 (1.17) -0.41 (0.18) -0.78 to -0.04 -2.25 (36) 0.030*

11- 11.9 (94) 11.41 (0.28) 10.88 (1.12) -0.52 (0.11) -0.75 to -0.29 -4.49 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 12.01 (1.16) -0.41 (0.12) -0.67 to -0.16 -3.29 (78) 0.001*

13- 13.9 (53) 13.46 (0.29) 13.23 (1.06) -0.22 (0.14) -0.51 to 0.06 -1.59 (52) 0.118

14- 14.9 (64) 14.46 (0.23) 14.16 (0.75) -0.29 (0.09) -0.47 to -0.11 -3.24 (63) 0.002*

7- 14.9 (375) 11.99 (1.8) 11.6 (2.16) -0.38 (0.05) -0.5 to -0.26 -6.49 (374) 0.000*
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Table 8. Comparison between chronological age and dental age estimated using Bedek et al., 5- 
teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom
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Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.5 (0.41) -0.85 (0.16) -1.26 to -0.44 -5.12 (6) 0.002*

8- 8.9 (14) 8.51 (0.29) 7.24 (0.77) -1.27 (0.22) -1.75 to -0.78 -5.7 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 8.46 (1.37) -0.91 (0.28) -1.49 to -0.31  -3.18 (23) 0.004*

10- 10.9 (28) 10.39 (0.26) 9.72 (0.93) -0.67 (0.16) -1.02 to -0.32 -4.03 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 11.25 (1.02) -0.14 (0.16) -0.48 to 0.18 -0.89 (35) 0.379

12- 12.9 (49) 12.47 (0.27) 11.85 (1.35) -0.61 (0.18) -0.99 to -0.23 -3.26 (48) 0.002*

13- 13.9 (53) 13.51 (0.29) 13.03 (1.25) -0.46 (0.15) -0.78 to -0.15 -2.99 (52) 0.004*

14- 14.9 (64) 14.44 (0.29) 13.84 (0.93) -0.59 (0.11) -0.81 to -0.37 -5.31 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.58 (2.38) -0.59 (0.06) - 0.72 to -0.46 -8.94 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 7.65 (1.71) 0.13 (0.51) -1.02 to 1.3 0.26 (9) 0.798

8- 8.9 (16) 8.34 (0.25) 7.67 (1.19) -0.66 (0.31) -1.33 to 0.01 -2.13 (15) 0.050

9- 9.9 (22) 9.45 (0.25) 9.11 (1.92) -0.34 (0.41) -1.19 to 0.51 -0.83 (21) 0.415

10- 10.9 (37)  10.42 (0.25) 9.83 (1.25) -0.59 (0.19) -0.99 to -0.19 -3.03 (36) 0.004*

11- 11.9 (94) 11.41 (0.28) 10.79 (1.21) -0.61 (0.12) -0.86 to -0.36 -4.86 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 12.01 (1.19) -0.43 (0.13) -0.69 to -0.17 -3.3 (78) 0.001*

13- 13.9 (53) 13.46 (0.29) 13.26 (1.04) -0.21 (0.14) -0.48 to 0.07 -1.47 (52) 0.147

14- 14.9 (64) 14.46 (0.23) 14.11 (0.81) -0.34 (0.09) -0.54 to -0.15 -3.56 (63) 0.001*

7- 14.9 (375) 11.99 (1.8) 11.55 (2.19) -0.43 (1.18) -0.55 to -0.31 -7.14 (374) 0.000*
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Table 9. Comparison between chronological age and dental age estimated using Bedek et al., 
4- teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom
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Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.54 (0.41) -0.81 (0.17) -1.24 to -0.38 -4.63 (6) 0.004*

8- 8.9 (14) 8.51 (0.29) 7.26 (0.82) -1.25 (0.24) -1.77 to -0.72 -5.15 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 8.48 (1.44) -0.88 (0.3) -1.51 to -0.26 -2.94 (23) 0.007*

10- 10.9 (28) 10.39 (0.26) 9.69 (0.9) -0.7 (0.16) -1.03 to -0.37 -4 35 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 11.22 (1.07) -0.17 (0.17) -0.52 to 0.17 -1.01 (35) 0.319

12- 12.9 (49) 12.47 (0.27) 11.84 (1.36) -0.62 (0.19) -1.01 to -0.24 -3.27 (48) 0.002*

13- 13.9 (53) 13.51 (0.29) 13.03 (1.25) -0.46 (0.15) -0.78 to -0.15 -3.01 (52) 0.004*

14- 14.9 (64) 14.44 (0.29) 13.84 (0.93) -0.59 (0.11) -0.82 to -0.37 -5.33 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.57 (2.38) -0.59 (0.06) -0.72 to -0.46 -8.90 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 8.06 (1.31) 0.54 (0.39) -0.34 to 1.43 1.37 (9) 0.201

8- 8.9 (16) 8.34 (0.25) 7.96 (0.78) -0.37 (0.22) -0.86 to 0.11 -1.67 (15) 0.116

9- 9.9 (22) 9.45 (0.25) 9.17 (1.8) -0.27 (0.38) -1.07 to 0.51 -0.72 (21) 0.474

10- 10.9 (37)  10.42 (0.25) 9.82 (1.26) -0.6 (0.19) -1.01 to -0.19 -3.02 (36) 0.005*

11- 11.9 (94) 11.41 (0.28) 10.72 (1.23) -0.62 (0.12) -0.88 to -0.37 -4.89 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 12.01 (1.19) -0.43 (0.12) -0.68 to -0.17 -3.31 (78) 0.001*

13- 13.9 (53) 13.46 (0.29) 13.25 (1.03) -0.21 (0.14) -0.49 to 0.07 -1.49 (52) 0.142

14- 14.9 (64) 14.46 (0.23) 14.11 (0.81) -0.34 (0.09) -0.54 to -0.15 -3.59 (63) 0.001*

7- 14.9 (375) 11.99 (1.8) 11.57 (2.13) -0.41 (0.05) -0.53 to -0.29 -6.91 (374) 0.000*
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Table 10. Comparison between chronological age and dental age estimated using Bedek et al., 3- 
teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom
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Age 
Groups (n)

Mean (SD)
95% CI 

of age 
difference

t statistics 
(df)

p-value 
Chronolo
gical age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.11 (0.1) -1.23 (0.09) -1.46 to -1.01 -13.27 (6) 0.000*

8- 8.9 (14) 8.51 (0.29) 7.04 (0.89) -1.46 (0.26) -2.04 to -0.89 -5.49 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 8.01 (1.78) -1.36 (0.37) -2.13 to -0.59 -3.68 (23) 0.001*

10- 10.9 (28) 10.39 (0.26) 9.53 (1.14) -0.86 (0.2) -1.28 to -0.43 -4.18 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 11.22 (1.1) -0.18 (0.17) -0.54 to 0.17 -1.01 (35) 0.316

12- 12.9 (49) 12.47 (0.27) 11.83 (1.41) -0.63 (0.19) -1.03 to -0.23 -3.19 (48) 0.002*

13- 13.9 (53) 13.51 (0.29) 13.03 (1.25) -0.46 (0.15) -0.77 to -0.15 -2.98 (52) 0.004*

14- 14.9 (64) 14.44 (0.29) 13.84 (0.93) -0.59 (0.11) -0.82 to -0.37 -5.33 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.49 (2.53) -0.67 (0.07) -0.82 to -0.53 -9.24 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 8.02 (1.45) 0.49 (0.42) -0.47 to 1.46 1.15 (9) 0.277

8- 8.9 (16) 8.34 (0.25) 7.86 (0.8) -0.48 (0.22) -0.96 to 0.001 -2.11 (15) 0.052

9- 9.9 (22) 9.45 (0.25) 9.02 (1 74) -0.43 (0.37) -1.2 to 0.33 -1.16 (21) 0.256

10- 10.9 (37)  10.42 (0.25) 9.75 (1.26) -0.66 (0.19) -1.07 to -0.26 -3.36 (36) 0.002*

11- 11.9 (94) 11.41 (0.28) 10.65 (1.14) -0.74 (0.11) -0.98 to -0.51 -6.22 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 11.83 (1.19) -0.59 (0.13) -0.85 to -0.33 -4.54 (78) 0.000*

13- 13.9 (53) 13.46 (0.29) 13.14 (1.12) -0.31 (0.15) -0.62 to -0.01 -2.1 (52) 0.040*

14- 14.9 (64) 14.46 (0.23) 14.08 (0.84) -0.37 (0.1) -0.57 to -0.17 -3.67 (63) 0.000*

7- 14.9 (375) 11.99 (1.8) 11.47 (2.14) -0.51 (0.05) -0.63 to -0.4 -8.69 (374) 0.000*
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Table 11. Comparison between chronological age and dental age estimated using Bedek et al., 2- 
teeth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom
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Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA   
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.22 (0.09) -1.13 (0.11) -1.39 to -0.86 -10.52 (6) 0.000*

8- 8.9 (14) 8.51 (0.29) 6.96 (0.87) -1.54 (0.25) -2.1 to -0.98 -5.98 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 7.72 (1.56) -1.64 (0.32) -2.32 to -0.97 -5.04 (23) 0.000*

10- 10.9 (28) 10.39 (0.26) 8.99 (1.25) -1.39 (0.21) -1.84 to -0.94 -6.36 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 10.96 (1.16) -0.43 (0.18) -0.82 to -0.04 -2.29 (35) 0.028*

12- 12.9 (49) 12.47 (0.27) 11.54 (1.42) -0.93 (0.19) -1.32 to -0.53 -4.73 (48) 0.000*

13- 13.9 (53) 13.51 (0.29) 12.83 (1.25) -0.67 (0.15) -0.98 to -0.35 -4.27 (52) 0.000*

14- 14.9 (64) 14.44 (0.29) 13.66 (1.02) -0.77 (0.12) -1.01 to -0.52 -6.33 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.24 (2.55) -0.92 (0.07) -1.07 to -0.78 -12.54 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 7.62 (1.61) 0.09 (0.46) -0.95 to 1.15 0.21 (9) 0.840

8- 8.9 (16) 8.34 (0.25) 7.24 (1.04) -1.09 (0.27) -1.68 to -0.5 -3.96 (15) 0.001*

9- 9.9 (22) 9.45 (0.25) 8.52 (2.04) -0.93 (0.43) -1.83 to -0.02 -2.13 (21) 0.044*

10- 10.9 (37)  10.42 (0.25) 9.42 (1.58) -1.01 (0.25) -1.51 to -0.48 -3.95 (36) 0.000*

11- 11.9 (94) 11.41 (0.28) 10.54 (1.33) -0.87 (0.13) -1.14 to -0.59 -6.24 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 11.83 (1.19) -0.59 (0.13) -0.85 to -0.33 -4.55 (78) 0.000*

13- 13.9 (53) 13.46 (0.29) 13.14 (1.12) -0.31 (0.15) -0.62 to -0.01 -2.1 (52) 0.040*

14- 14.9 (64) 14.46 (0.23) 14.08 (0.85) -0.37 (0.1) -0.57 to -0.17 -3.67 (63) 0.000*

7- 14.9 (375) 11.99 (1.8) 11.33 (2.34) -0.65 (0.06) -0.78 to -0.51 -9.76 (374) 0.000*
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Table 12. Comparison between chronological age and dental age estimated using Bedek et al., 1- 
tooth formulae in boys and girls

*Statistically significant (p<0.05); SD Standard deviation; SE Standard error; df degree of freedom 

Individual differences 
The maximum and minimum deviations and their 
frequency were presented for all models in Figure 1. 
The individual difference between the DA and CA 
was found to be more frequent within 0 to +0.5 
years (overestimation)  for Bedek et al’s 7 tooth, 5 
tooth and 2 tooth models,  within 0 to -0.5 years 
(underestimation) for Willems models, within 0.5 to 
1 years (overestimation) for Bedek et al’s 4 tooth, 3 
tooth and 1  tooth models,  within -0.5  to -1  year 
(underestimation) for Bedek et al’s 6 tooth model. 

Mean absolute error
Table 13 shows the output for gender as well as 
overall  mean  absolute  error  (MAE)  for  each 
tested model. The smallest MAE for boys was 
obtained for Bedek et al’s 6 tooth model, 0.75 
years,  while the greatest MAE was for Bedek 
et  al’s  1  tooth  model,  1.05  years.  For  the 
remaining  models,  MAE ranged from 0.85  to 
1.02 years. 
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Age 
Groups (n)

Mean (SD)
95% CI of 

age 
difference

t statistics 
(df)

p-value 
Chronolo
gical Age 
(CA)

Dental  
Age (DA)

DA-CA  
(SE)

Boys

7- 7.9 (7) 7.35 (0.29) 6.43 (0.0) -0.92 (0.11) -1.19 to -0.65 -8.32 (6) 0.000*

8- 8.9 (14) 8.51 (0.29) 7.2 (0.91) -1.31 (0.26) -1.89 to -0.72 -4.86 (13) 0.000*

9- 9.9 (24) 9.37 (0.26) 7.7 (1.41) -1.67 (0.29) -2.29 to -1.05 -5.57 (23) 0.000*

10- 10.9 (28) 10.39 (0.26) 8.8 (1.39) -1.58 (1.32) -2.1 to -1.07 -6.34 (27) 0.000*

11- 11.9 (36) 11.4 (0.29) 10.92 (1.35) -0.47 (0.22) -0.92 to -0.02 -2.13 (35) 0.040*

12- 12.9 (49) 12.47 (0.27) 11.65 (1.78) -0.81 (0.24) -1.31 to -0.31 -3.28 (48) 0.002*

13- 13.9 (53) 13.51 (0.29) 13.03 (1.32) -0.46 (0.16) -0.8 to -0.12 -2.77 (52) 0.008*

14- 14.9 (64) 14.44 (0.29) 13.72 (0.8) -0.71 (0.1) -0.92 to -0.51 -6.89 (63) 0.000*

7- 14.9 (275) 12.17 (2.01) 11.31 (2.62) -0.86 (0.08) -1.02 to -0.7 -10.71 (274) 0.000*

Girls

7- 7.9 (10) 7.52 (0.31) 8.07 (1.61) 0.55 (0.46) -0.48 to 1.6 1.02 (9) 0.260

8- 8.9 (16) 8.34 (0.25) 7.76 (1.07) -0.57 (0.28) -1.18 to 0.02 -2.03 (15) 0.060

9- 9.9 (22) 9.45 (0.25) 9.04 (1.85) -0.41 (1.87) -1.24 to 0.41 -1.03 (21) 0.312

10- 10.9 (37)  10.42 (0.25) 9.88 (1.53) -0.54 (0.23) -1.02 to -0.05 -2.26 (36) 0.030*

11- 11.9 (94) 11.41 (0.28) 10.69 (1.34) -0.71 (0.13) -0.99 to -0.44 -5.16 (93) 0.000*

12- 12.9 (79) 12.43 (0.28) 11.74 (1.14) -0.68 (0.12) -0.93 to -0.43 -5.37 (78) 0.000*

13- 13.9 (53) 13.46 (0.29) 13.05 (1.13) -0.41 (0.15) -0.71 to -0.11 -2.72 (52) 0.009*

14- 14.9 (64) 14.46 (0.23) 14.05 (0.86) -0.41 (0.1) -0.61 to -0.2 -4.01 (63) 0.000*

7- 14.9 (375) 11.99 (1.8) 11.45 (2.17) -0.53 (0.06) -0.66 to -0.41 -8.38 (374) 0.000*
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Figure 1. Individual differences for South Indian sample of boys using Willems model 
(GS) and Bedek et al., age estimation models  
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Table 13. Mean absolute error (MAE) for all tested methods in boys and girls 
respectively 

Girls 

Group differences
Comparisons of mean estimated DA and CA for all 
the tested models for girls were shown in tables 5 - 
12.  When the mean differences  DA and CA for 
individual age groups were evaluated, Bedek et al’s 7 
to  4  tooth  models  have  the  least  number  of 
statistically significant different age groups (i.e., 4 
out of 8). For Willems models, Bedek et al’s 3 and 1 
tooth models,  statistically  significant  differences 
were seen in 5 out of 8 age groups, while the 2 tooth 
model  has  7  out  of  8  statistically  significant  age 
groups. 
With respect to the mean data of all age groups, it is 
evident that all models significantly underestimated 
CA in  girls;  Willems  models  (t=-3.437;  p=0.001), 
Bedek et  al’s  7  tooth model  (t=-6.322;  p=0.000),  6 
tooth  model  (t=-6.497;  p=0.000),  5  tooth  model 
(t=-7.144; p=0.000), 4 tooth model (t=-6.913; p=0.000), 3 
tooth  model  (t=-8.694;  p=0.000),  2  tooth  model 
(t=-9.767;  p=0.000)  and  1  tooth  model  (t=-8.380; 
p=0.000). Overall mean age deviations are larger for 
Bedek et al’s 2 tooth model (-0.65 years)  and the 
smallest deviation for Willems model (-0.27 years). 
For the remaining models, the mean age deviations 
are as follows; Bedek 7 tooth (-0.36 years), 6 tooth 
(-0.38 years),  5  tooth (-0.43 years),  4  tooth (-0.41 
years), 3 tooth (-0.51 years), and 1 tooth (-0.53 years). 

Individual differences 
The maximum and minimum deviations and their 
frequency were presented for all models in Figure 2. 

The individual  difference between the CA and 
estimated DA was found to be more frequently 
within  0  to  +0.5  years  (overestimation)  for 
Bedek  et  al’s  1  tooth  model,  within  0  to  -0.5 
years (underestimation)  for Bedek et al’s 5 to 2 
to o t h  m o d e l s ,  w i t h i n  0. 5  to  1  y e a r s 
(overestimation) for Bedek et al’s 7 and 6 tooth 
models, within -0.5 to -1 year (underestimation) 
for Willems models. 

Mean absolute error 
Results of MAE in girls shows that Bedek et al’s 
7  tooth model  has  the smallest  value  i.e.,  0.88 
years, while the greatest MAE was for Willems 
models, 1.25 years. And for remaining models of 
Bedek et al.,  MAE ranged between 0.9 to 1.01 
years (Table 13). 

Percentage of correct estimations 
Table  14  presents  the  accuracy  of  dental  age 
estimation for different models as a percentage 
of correct estimations within +0.5 years and +1 
year interval. Our results show that Bedek et al’s 
7  tooth  model  has  outperformed  remaining 
models, 33.8% (220 out of 650) of age estimates 
fell  within +0.5 years from CA, whereas 60.1% 
(391 out of 650) of age estimates were found to be 
within +1 year. For Willems models, 24.1% of age 
estimates were within +0.5 years and 45.3%  were 
within  +1  year,  which  is  markedly  less  when 
compared to the remaining models of Bedek et al. 

35

Methods 
Mean Absolute error/ deviation

Boys Girls Total

Willems 1.02 1.25 1.16

Bedek’s seven teeth 0.85 0.88 0.86

Bedek’s six teeth 0.75 0.9 0.94

Bedek’s five teeth 0.85 0.94 0.9

Bedek’s four teeth 0.86 0.92 0.89

Bedek’s three teeth 0.95 0.91 0.93

Bedek’s two teeth 0.96 1.01 0.99

Bedek’s one tooth 1.05 0.98 1.01
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Figure 2. Individual differences for South Indian sample of girls using Willems model 
(GS) and Bedek et al., age estimation models
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Table 14. Accuracy of age estimation using Willems method and Bedek et al., newly developed 
models based on 1 to 7 teeth for overall (percentage of correct estimations within interval)

DISCUSSION 
Traditionally,  Demirjian’s  system  and  Willems 
method  require  all  seven  mandibular  teeth  in 
the lower left quadrant to make an assessment. 
If  any  tooth/teeth  is /are  miss ing  in  the 
examining quadrant, the authors have suggested 
substituting  an  assessment  of  the  matching 
tooth  from  the  contralateral  side,  as  there  is 
high  degree  of  lateral  symmetry.  If  the  same 
tooth  from  the  contralateral  side  was  also 
missing,  then  estimations  may  be  obtained  by 
inserting an average score of the remaining six 
teeth.5  Assigning  score  zero  for  al l  non- 
appearance teeth or calculating the average from 
the  remaining  teeth  (less  than  seven)  could 
result in a biased estimate at any particular age. 
This  is  a  marked  limitation  for  the  use  of 
maturity  scores  in  Demirjian’s  system,  and  no 
allowance is made for missing data.16

Each  case  is  specific  in  a  forensic  incident. 
Conducting age assessments in individuals with 
multiple missing teeth is a challenge for forensic 
experts.  According  to  the  reports  from  the 
survey  by  Endo  et  al.,  the  most  common 
symmetrical  missing  tooth  could  be  the 
mandibular  second  premolars . 17,  18  Wide 
variations  in  incidence  and  prevalence  of 
hypodontia  were  reported  in  different  studies 
conducted  in  various  populations;  11.2%  in 
Korea,19  3%  to  5.9%  in  Germany,20  6.3%  in 

Brazil,21  3.31%  in  Spain,22  11.01%  in  India.23 
Rakhshan in their systematic review and meta-
analysis reported that congenitally missing teeth 
can range from 0.15% to 16.18% among different 
populations worldwide.24 Badrov et al., indicated 
that  age  assessment  methods  may  not  be 
implemented  in  subjects  with  congenitally 
missing  teeth,  as  lower  permanent  teeth  are 
most likely to be affected with agenesis.25 They 
also believed that hypodontia can impact results 
of  dental  age  estimation,  therefore  researchers 
must  account  for  the  difference  in  the  dental 
development of children with hypodontia when 
calculating DA.25 
Most of the studies published so far mentioned 
“radiographs  that  showed  hypodontia  or 
subjects  with  hypodontia  were  excluded” 
suggesting  the  unavailability  of  methods  to 
assess  dental  age  in  such  individuals.  In  1976, 
Demirjian  proposed  two  4  tooth  methods  for 
a g e  e s t i m a t i o n ,  w h e n  te s te d  i n  o t h e r 
populations, both 4 tooth methods were found 
to  be  relatively  inaccurate,  less  frequently 
overestimate  age  and  are  not  suitable.15,  26  As 
congenitally  missing  teeth  are  prevalent  and 
methods to assess dental age are indispensable, 
Bedek  et  al.,  provided  models  for  dental  age 
estimation for forensic and clinical purposes in 
such subjects.14 
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Methods 
Percentage of correct estimations

Boys Girls

+0.5 years 
 n (%)

+1 year 
n (%)

+0.5 years 
 n (%)

+1 year 
n (%)

Willems 90 (32.7) 144 (52.3) 67 (17.8) 151 (40.2)

Bedek’s seven teeth 102 (37.1) 171 (62.1) 118 (31.4) 220 (58.6)

Bedek’s six teeth 91 (33.1) 164 (59.6) 121 (32.2) 217 (57.8)

Bedek’s five teeth 98 (35.6) 170 (61.8) 122 (32.5) 202 (53.8)

Bedek’s four teeth 95 (34.5) 174 (63.2) 124 (33.1) 204 (54.4)

Bedek’s three teeth 94 (34.1) 165 (60) 113 (30.1) 200 (53.3)

Bedek’s two teeth 71 (25.8) 135 (49.1) 110 (29.3) 190 (50.6)

Bedek’s one tooth 84 (30.5) 149 (54.1) 132 (35.2) 205 (54.6)
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Willems method
In  the  present  s tudy,  Wi l l ems  method 
underestimated CA by 0.03 years in boys and 0.27 
years in girls. Consistent results were reported by 
various  studies  in  the  literature  i.e.,  in  British 
Caucasian and Bangladeshi, Korean and Brazilian 
chi ldren .27 -  29  On  the  other  hand,  many 
researchers  have  reported  overestimations  with 
Willems  method.26,  30,  31  Similar  to  our  findings, 
Hedge  e t  a l . ,  a l so  repor ted  sma l l e r 
underestimations  of  age  when  tested  in  Indian 
children.32  The  MAE was  1.02  years,  1.25  years 
and 1.16 years for boys, girls and the total sample 
using Willems method.

Bedek et al’s new models
When considering the suitability of Bedek et al’s 
new models,  generalised  underestimation of  age 
was seen in all age groups for both sexes except 
the 6 tooth model,  where overestimation of CA 
was seen in boys.  
In  forensic  anthropology,  the  mean  difference 
between DA and CA is considered accurate if it 
falls within the range of +0.5 years, and a difference 
of  +1.0 year  is  considered acceptable.33,  34  In the 
present study, in boys the 7 tooth model produced 
37.1% cases within the +0.5 year interval, while the 
4 tooth model produced 63.2%  cases within the 
+1.0-year interval.  These findings were less when 
compared to the original Bedek et al models where 
they observed 43.5% cases within +0.5 year interval 
and 72.2% cases within +1.0-year interval, both for 
the  7  tooth  model  respectively.14  In  girls,  the  7 
tooth model produced 33.1% cases within +0.5 year 
interval, while the 7 tooth model had 58.6% cases 
falling  within  +1.0-year  interval.  Similar  to  boys, 
observations  in  girls  were  also  less  compared to 
original Bedek et al’s models where they observed 
40.7% cases within +0.5 year (5 tooth model) and 
71.6%  cases  within  +1.0-year  interval  (7  tooth 
model) respectively.14
As the phrase goes “Time is of the essence” and 
in  forensic  cases  time  is  one  important  factor 

that  needs  to  be  considered  seriously.  During 
criminal  or  civil  investigations,  the  method  of 
choice  for  forensic  examiners  will  be  the  one 
that gives accurate results in a tested population 
within  a  short  period  of  time.  A method  that 
quickly gives accurate results and is user-friendly 
satisfies  judicial  requirements.35  It  can  be 
inferred  from  our  results  that  Bedek  et  al’s 
models  of  age  estimation are  simple,  accurate, 
produce  maximum  accuracy  with  a  smaller 
number of teeth. 

CONCLUSIONS 
In  cases  of  a ge  est imation  in  chi ldren, 
maximum  accuracy  is  usually  obtained  and 
prediction  of  DA is  higher  when  all  seven 
lower  left  mandibular  teeth  are  available. 
Similarly,  an  equally  effective  and  accurate 
method  is  needed  when  an  individual  has 
less  than  seven  teeth.  Our  study  results 
show  that  Bedek  et  al’s  new  models  of  age 
assessment  could  be  valid  for  the  tested 
p o p u l a t i o n .  T h e  f o l l o w i n g  a r e  s o m e 
advantages:

1. These new models are simple,  reliable, 
accurate  and  easily  applicable  in  cases 
of multiple missing teeth.

2. They  can  be  used  for  simple  clinical 
purposes  (assessing  age  in  individuals 
w i t h  h y p o d o n t i a )  a s  w e l l  a s  f o r 
c o m p l e x  f o r e n s i c  s c e n a r i o s 
(incomplete human remains). 

3. In  the  or ig ina l  s tudy,  i t  ha s  been 
determined that models with two teeth 
are  significantly  more  accurate  than 
Willems  models.  When  tested  in  the 
studied  population,  the  1  tooth  model 
p r o d u c e d  a  h i g h e r  p e r c e n t a g e  o f 
correct  estimations  (+0.5  and  1  year) 
than Willems models.

4. Maximum  accuracy  was  also  obtained 
using  the  models  with  less  than  seven 
teeth.  
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