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ABSTRACT 
Age estimation significantly contributes to forensic medicine 
and  law  enforcement  in  Indonesia.  However,  lateral 
cephalometric radiographs of cervical vertebrae have not been 
used to estimate age in the Indonesian population. This study 
developed a  formula  to  estimate  the  skeletal  age  of  cervical 
vertebrae using multiple linear regression analyses, estimating 
the dental age and evaluating the agreement between cervical 
vertebrae  skeletal-chronological,  dental-chronological,  and 
cervical  vertebrae  skeletal-dental  ages.  Several  anatomical 
parameters were measured to obtain cervical vertebrae ratios 
from 100 lateral  cephalometric radiographs,  and followed by 
the calculation of   dental tooth crown index data from 100 
panoramic radiographs of subjects 9–18 years old. The Bland-
Altman  plot  of  cervical  vertebrae  skeletal  and  dental  ages 
showed a mean difference of -0.094 ± 1.52 years, with upper and 
lower limits of 2.882 and -3.070 years, respectively. The means 
of  the  cervical  vertebrae  skeletal,  dental,  and  chronological 
ages were 13.97 (2.67), 14.06 (2.45), and 13.97 (2.97), respectively. 
The  mean  differences  between  cervical  vertebrae  skeletal-
chronological and dental-chronological ages were 0.566 (2.26) 
and 4.005 (2.07),  respectively.  Furthermore,  a  validation trial 
(group 2, n = 10, three males and seven females) was conducted 
to  test  the  accuracy  of  the  cervical  vertebrae  skeletal  age 
estimation formula using consecutive sampling. The age range 
was 9–11 years. Cervical vertebrae skeletal age showed a better 
agreement with chronological age than did dental age.  

INTRODUCTION 
In  forensic  medicine,  age  is  estimated  for  purposes  of 
identification in natural disasters, criminal cases, and civil cases. 
Recently,  several  significant  investigations  have  required  age 
estimation. For example, the identification of tsunami victims in 
Aceh  (2013),  Palu  (2018),  and  Banten  (2018)  required  age 
estimation to distinguish between children and adults. Criminal 
cases of minor prostitution and the investigation of age fraud in 
various sports also require age confirmation, especially for those 
aged between nine and 18 years. 
Indonesian  minors  and  adults  are  classified  on  the  basis  of 
several  laws.  According to Indonesian law in the child justice 
system, someone less than 18 years of age is a child and cannot 
be convicted of a crime. The Indonesian Marriage Act stipulates 
that the minimum age of marriage for a female is 16 years and 
that for a male is 19 years. Thus, accurate age estimation in the 
16 to 19 year old group is crucial in civil cases.1–6 
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Age  can  be  determined  from  legal  documents 
(chronological  age)  and  by  using  biological 
indicators, such as body height, menarche, voice 
change,  and skeletal  and dental  development.7–9 
Lamparski  (1975)  introduced  the  estimation  of 
cervical vertebrae (CV) maturation by evaluating 
the shape of the inferior border of the first (atlas, 
C1 )  to  the  s ix th  (C6 )  CV  us ing  l a te ra l 
cephalometric  radiographs,  but  his  method was 
deemed subjective and lacking in detail.10,11 Mito 
and Sato (2002) measured the bodies of the third 
(C3 )  and  four th  (C4 )  CV  us ing  l a te ra l 
cephalometric  radiographs  in  a  Japanese 
population and developed a formula to estimate 
CV skeletal  age.12  To evaluate its  accuracy,  they 
calculated  skeletal  age  using  the  Tanner-
Whitehouse  2  (TW2)  hand-wrist  method  and 
compared  the  CV skeletal  and  chronological 
ages.12,13  The  formula  proved  highly  reliable  in 
estimating CV skeletal age.14–16 
Dental age estimation based on periapical, lateral 
cephalometric,  and  panoramic  radiograph 
features  can  be  highly  accurate.  According  to 
Drusini, Ito was the first to estimate dental age 
by comparing the enamel  and pulp chamber to 
dentine,  but  the  correlation  was  weak.17  Ikeda 
(1985)  perfected  the  formula  by  including  the 
variable of height to the crown and observed a 
strong  correlation.18  Nehemia  et  al.  (2012) 
estimated dental  age based on the radiographic 
pulp  chamber  size  in  the  mandibular  first 
premolar using the tooth coronal index (TCI) and 
analyzed  histological  features  in  the  pulp 
chamber  in  an  age  range  of  9–21  years  in  an 
Indonesian  population.  The  results  showed  a 
strong  correlation  between  the  TCI  and 
biological age (r2 = 0.6407).5,6,17

CV lateral  cephalometric  radiographs  have  not 
been  used  to  estimate  age  in  the  Indonesian 
population. We developed a formula to estimate 
CV skeletal  age using multiple linear regression 
analyses  of  C3  and  C4  bodies.  Dental  age  was 
estimated by analyzing the height of the dental 
pulp and crown using the TCI. The extent of the 
mean difference between these two methods was 
analyzed, after which we measured the reliability 
of  both  methods  in  estimating  biological  age 
compared to chronological age.

MATERIAL  AND METHODS 
Study subjects
The study was approved by the Research Ethics 
Committee  of  the  Faculty  of  Dent istr y 
Universitas Indonesia. Medical records were used 
to  select  samples  by  purposive  sampling.  The 
inclusion  criteria  were  age  9–18  years,  healthy 
growth  and  development  of  the  cervical  bones 
and  teeth,  and  high  quality  digital  lateral 
cephalometric  and  panoramic  radiographs  to 
analyze  C3,  C4,  and  the  mandibular  first 
premolar.  The  exclusion  criteria  comprised  CV 
trauma  (cervical  dislocations  or  fracture)  and 
abnormal  mandibular  first  premolars  (attrition, 
caries,  tooth  loss,  periapical  lesions,  post–root 
canal  treatment,  artificial  crowns,  fillings,  and 
orthodontic  appliances) .5,6,17  We  obtained 
panoramic and lateral cephalometric radiographs 
from  patients  undergoing  orthodontic  and 
paedodontic treatment. We estimated the sample 
size and selected 100 people (n  =  10/group; five 
males  and  five  females)  aged  9–18  years.  They 
were  traced  using  Digimizer  image  analysis 
software version 5.3.5.

Radiography
Digital  lateral  cephalometric  and  panoramic 
radiographs  were  obtained  from  the  medical 
records  of  the  Dental  Hospital  of  Universitas 
Trisakti,  Jakarta,  Indonesia.  We used the lateral 
cephalometric  radiographs  to  develop  the  CV 
skeletal  age  estimation  formula  based  on  Mito 
and  Sato’s  (2002)  method  of  measuring  the 
parameters  of  anterior  height  (AH),  posterior 
height  (PH),  antero-posterior  height  (AP),  and 
body  height  (H)  from  C3  and  C4  and  then 
determining their ratios (AH/AP, H/AP, PH/AP, 
AH/H,  H/PH,  AH/PH)  (Fig.  1).12  We  used 
panoramic  radiographs  to  estimate  dental  age 
using the TCI, which calculates the coronal pulp 
cavity height (CPCH) and coronal height (CH) of 
the  mandibular  first  premolar  (Fig.  2).  We 
selected  the  right  or  left  region  from  the 
panoramic radiographs depending on which more 
clearly  showed  the  pulp  space  as  previously 
described.5

Statistical analysis 
All the parameters were measured twice (days 1 
and 15)  by one rater. To measure the intra-rater 
agreement,  we  randomly  selected  15  lateral 
cephalometric  and  15  panoramic  radiographs 
from group 1 (100 lateral cephalometric and 100 

panoramic  rad iographs )  u s ing  Research 
Randomizer19  and  analyzed  them  using  the 
intraclass  correlation coefficient  (ICC)  (an ICC 
>0.9  indicated  excellent  agreement).  Multiple 
linear regression analysis was used to devise the 
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CV skeletal  age estimation formula.  Dental  age 
was  estimated  using  TCI  =  (CPCH ×  100)/CH 
and  Nehemia  et  al.’s  formula  (2012),  which  is 
29.16 + (-0.4)TCI, with r2 = 0.6407 and r = 0.8.5,6 
The Bland-Altman plot was used to evaluate the 
agreement  between  CV skeletal-chronological, 
dental-chronological,  and  CV skeletal-dental 
ages. One-way analysis of variance (ANOVA) was 
then used to measure the difference between CV 
skeletal, dental,  and  chronological  ages.  P <0.05  

was considered statistically significant. 
To  test  the  accuracy  of  the  CV skeletal  age 
estimation  formula,  we  performed  a  trial  on 
group  2  (10  subjects,  three  males  and  seven 
females,  with  10  lateral  cephalometric  and  10 
panoramic  radiographs)  using  consecutive 
sampling  and  the  same  eligibility  criteria.  We 
compared  the  a ge  est imation  results  to 
chronological age using unpaired t-test analysis. P 
<0.05 was considered statistically significant.8  

Figure 1. The third and fourth cervical vertebrae bodies from cephalometric radiographs. The parameters 
were AH (Anterior Height), PH (Posterior Height), AP (Antero-Posterior Height), H (Body Height)

Figure 2. TCI (Tooth Coronal Index) from the lower first premolar. The parameters were CPCH 
(Coronal Pulp Cavity Height) and CH (Coronal Height)
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RESULTS 
Table 1 shows the characteristics of group 1 by 
chronological  age and sex.  The mean ICC was 
0.998  (95%  confidence  interval  [CI]  =  0.995–
0.999)  for  CV skeletal  parameters  and  0.975 
(95%  CI  =  0.925–0.992)  for  dental  parameters. 
These values show excellent agreement between 
the two measurements on days 1 and 15.
According to chronological age, the C3 and C4 
measurements  increased  with  increasing  age 
(Fig. 3) whereas the mean TCI of the mandibular 

first premolar decreased (Fig. 4). The mean CV 
parameters  increased  in  the  age  range  of  9–18 
years.  AH,  H,  and  PH  in  both  C3  and  C4 
increased  whereas  AP4  did  not  change.  A 
Pearson  correlation  test  (Table  2)  revealed  the 
correlation  of  all  the  CV parameters  with 
chronological age: AH3/AP3 (r = 0.829) and AH4/
AP4 (r = 0.834) were strongly correlated whereas 
H3/AP3,  PH3/AP3,  PH3/AP3,  H3/PH3,  H4/AP4, 
P H 4 / A P 4 ,  A H 4 / H 4 ,  a n d  H 4 / P H 4  we r e 
moderately correlated (0.3 <r <0.7). 

Table 1. Characteristics of group 1 according to chronological age and sex. 

SD: standard deviation 

Table 2. Correlation test between CV parameters and chronological age. 

Age
Male (n = 50) Female (n = 50) Total (n = 100)

Mean SD Mean SD Mean SD

9 (n = 10) 9.40 0.26 9.33 0.13 9.37 0.20

10 (n = 10) 10.33 0.28 10.32 0.22 10.33 0.23

11 (n = 10) 11.45 0.40 11.50 0.36 11.48 0.36

12 (n = 10) 12.20 0.14 12.37 0.25 12.28 0.21

13 (n = 10) 13.33 0.39 13.65 0.19 13.49 0.33

14 (n = 10) 14.56 0.25 14.52 0.29 14.54 0.26

15 (n = 10) 15.32 0.07 15.65 0.17 15.48 0.21

16 (n = 10) 16.42 0.35 16.57 0.17 16.49 0.27

17 (n = 10) 17.85 0.09 17.38 0.17 17.62 0.28

18 (n = 10) 18.58 0.22 18.60 0.22 18.59 0.21

Total (n = 100) 13.95 3.01 13.99 2.98 13.97 2.98

Ratio
AH/AP H/AP PH/AP AH/H H/PH AH/PH

C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

Age r 0.829 0.834 0.695 0.696 0.598 0.549 0.740 0.531 0.492 0.544 0.757 0.740

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

n 100 100 100 100 100 100 100 100 100 100 100 100

CV:  cervical  vertebrae;  AH:  anterior  height;  AP:  antero-posterior  height;  H:  body  height;  PH: 
posterior height
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Figure 3. Mean value of parameter C3 and C4 from the CV body by chronological age group 

Figure 4. Mean value of TCI lower first premolar by chronological age group 

The adjusted r2 of the CV age estimation formula 
was 0.789,  with a Durbin-Watson value of 1.192 
and a one-way ANOVA of p <0.001. The average 
residual  value  was  0.  The  CV skeletal  age 
estimation formula was as follows:

y = 15.827 + 14.19*(AH3AP3) + 15.604*(AH4AP4) 
-  7.432*(PH3AP3)  –  7.407*(PH4AP4)  – 
10.823*(H3PH3) + residual value

Figure 5 shows the reliability analysis between CV 
ske le ta l  and  denta l  a ge  e s t imat ion  and 
chronolog ica l  a ge .  CV  ske leta l  a ge  was 
overestimated at 9–12 years and underestimated 
at 16–18 years. The most accurate CV skeletal age 
estimation was at 14 years, and the least accurate 
was  at  18  years.  Dental  age  estimation had the 
smallest  mean  difference  at  15  years  and  the 
largest mean difference at 12 years.
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The Bland-Altman plot  showed  that  the  mean 
difference  between  CV skeletal  a ge  and 
chronological  age  and  between  dental  age  and 
chronological  age  was  0.0000 ±  1.34  years  and 
0.0937 ± 1.37 years, respectively (Fig. 6). The upper 
and lower limits of CV skeletal age were 2.63 and 
-2.63 years, respectively, while those of dental age 

were 2.78 and -2.59 years, respectively. The Bland-
Altman plot between CV skeletal age and dental 
age  showed a  mean  difference  of  -0.094 ±  1.52 
years,  with  upper  and lower  limits  of  2.882  and 
-3.070 years, respectively. Therefore, compared to 
dental age estimation, CV skeletal age estimation 
conformed better to chronological age. 

Figure 5. Difference in CV skeletal age and dental age estimation with chronological age per age group (n = 100)

Figure 6. The agreement Bland Altman plot between CV skeletal age (left) and dental age (right) 
estimation with chronological age
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We found no statistically significant differences (p 
>0.05 )  between  CV skeletal ,  dental ,  and 
chronological ages using one-way ANOVA (Table 
3), which is consistent with previous studies.12,14,16

Table 3. One-way ANOVA for CV skeletal, 
dental, and chronological ages. 

ANOVA: analysis of variance; CV: cervical vertebrae; 
SD: standard deviation

Table 4. Characteristics of group 2 according to 
chronological age and sex. 

SD: standard deviation

Table 5. Unpaired t-test analysis of the mean 
difference between CV skeletal and chronological 
ages and between dental and chronological ages 

(group 2). 

CV: cervical vertebrae; SD: standard deviation

In the validation trial with group 2 (Table 4), the 
age range was 9–11 years, with a mean SD of 9.707 
(0.64) years. Using the CV skeletal age estimation 

formula  for  group  1,  the  CV skeletal  age 
estimation  for  group  2  was  10.273  (1.59)  years 
while the dental age estimation was 13.712 (2.32) 
years. Table 5 shows the mean difference between 
CV skeletal and chronological ages and between 
dental  and  chronological  ages;  the  CV skeletal 
age result was more accurate (p = 0.002).

DISCUSSION 
Lateral cephalometric radiographs are often used 
to  assess  bone  maturity  level  and  determine 
skeletal  age.  However,  CV skeletal  age  can  be 
calculated objectively and reliably as in the TW2 
hand-wrist  method.11  There  is  a  significant 
correlation and no significant difference between 
hand-wrist skeletal age and the estimation of CV 
ske le ta l  a ge  f rom  morpho log ica l  CV 
parameters;13,15 CV can replace the gold standard 
o f  hand -wri s t  bone  for  ske le ta l  a ge 
estimation.10,13,16  The  CV body  has  a  strong 
relationship  with  the  development  process  in 
shape and size changes, is clearly visible, and can 
be  measured  using  lateral  cephalometric 
radiographs. C3 and C4 are measured because C1 
and C2 do not show absolute changes and C5 and 
C6  are  often  invisible  on  lateral  cephalometric 
radiographs.20–22

Teeth are often used to predict age with excellent 
accuracy.1 The mandibular first premolar is highly 
accurate  in  age  estimation,  having  the  smallest 
standard  of  error  among  incisors,  canines,  and 
molars.1,5,6,23 Nehemia et al. (2012) used panoramic 
radiographs  for  dental  age  estimation,5  and 
Nurfitria  et  al.  (2018)  found  no  significant 
difference  in  age  estimation  using  either 
periapical or panoramic radiographs.6 Therefore, 
the TCI can be used with periapical or panoramic 
radiographs.5,6,17

In Figure 3, as previously reported, AP4 remains 
constant, probably because of the AP dimensions 
of the vertebral body, which tend to develop in a 
superior-inferior manner with age.12,13,24  Figure 4 
illustrates  the  downward  trend  in  TCI  scores 
with increasing age group.  This  result  indicates 
the decreased size of the pulp chamber with age, 
which can be caused by physiological factors such 
as  the  formation  of  secondary  dentine,  which 
starts after the crown and roots are fully formed 
and continues to develop as long as the tooth is 
viable. This secondary dentine deposit causes the 
pulp chamber to decrease in size and narrows the 
existing  root  canals.  This  narrowing  tends  to 
occur more quickly in the pulp horn region than 

Age Mean (SD) P-value

CV skeletal age 13.97 (2.67) 0.961

Dental age 14.06 (2.45)

Chronological age 13.97 (2.97)

Age
Male  
(n = 3)

Female  
(n = 7)

Total  
(n = 10)

Mean SD Mean SD Mean SD

9 
(n = 6)

9.58 - 9.45 0.25 9.47 0.23

10 
(n = 3)

10.33 - 10.38 0.18 10.36 0.12

11 
(n = 1)

11.17 - - - 11.17 -

Total 
(n = 10)

10.36 0.80 9.72 0.50 9.7 0.64

Age Mean 
(SD)

P-
value

Skeletal-chronological 
age

0.366 
(2.05) 

0.002

Dental-chronological 
age

3.805 
(2.26) 
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in  other  regions.  Some  researchers  argue  that 
changes in pulp chamber size can also occur due 
to  pathological  stimuli,  including  caries  and 
traumatic occlusion.5,20

All the CV parameter ratios showed correlations 
with  chronological  age  (Table  2).  While  the 
strength  of  the  correlation  is  categorized  as 
weak  (0  <r  <0.3),  moderate  (0.3  <r  <0.7),  or 
strong (r  >0.7),25 Mito,  Caldas,  and the present 
research found a diverse strength of correlation 
between  the  ratios.  The  correlation  strength 
differs  because  of  differences  in  the  subject 
population and race.10,12

Age  estimation  using  CV skeletal  is  more 
accurate than dental age estimation and can be 
used as a chronological age estimation tool. The 
CV skeletal age estimation formula from lateral 
cephalometric radiographs is limited to the 9–18 
year age group of both sexes with no C3 or C4 
abnormalities. Bones change with age; thus, the 
accuracy  of  the  formula  in  other  age  groups 
needs to be tested further. 
The  limitation  of  this  study  is  that  the  CV 
skeletal  age  estimation  formula  was  validated 

only  by  using  consecutive  sampling  on  10 
subjects  aged  9–11  years.  The  testing  of  the 
formula  in  this  age  group  does  not  provide  a 
perfect analysis.

CONCLUSIONS 
Both  CV skeletal  and  dental  age  estimation 
proved  effective  as  tools  for  est imating 
chronological  age,  but CV skeletal  age showed 
better  agreement.  We  recommend  estimating 
CV skeletal age in a larger sample differentiated 
according to sex for improved estimation.

Acknowledgments
We  thank  the  Dental  Hospital  of  Universitas 
Trisakti,  Jakarta,  Indonesia  for  the  digital 
radiograph samples and Denys Putra Alim, MD 
as the statistics mentor in this study.

Financial support
This study was funded by Universitas Indonesia 
PITTA A Research Grant Year 2019 No. 
NKB-0416/UN2.R3.1/HKP 05.00/2019. 

REFERENCES 
1. Cameriere  R,  De  Luca  S,  Biagi  R,  Cingolani  M, 

Farronato  G,  Ferrante  L.  Accuracy  of  three  age 
estimation  methods  in  children  by  measurements  of 
developing teeth and carpals and epiphyses of the ulna 
and radius. J Forensic Sci. 2012;57(5):1263-70. 

2. Liversidge  HM,  Buckberry  J,  Marquez-Grant  N.  Age 
estimation. Ann Hum Biol 2016;42(2):297-99. 

3. Hidayat  R.  Study  of  forms  of  commercial  sexual 
exploitation of children in the tourism environment of 
North Sulawesi province.Sosiohumaniora 2015;18(3):243-52.

4. Rahdana  I.  Record  of  2017:  404  Children  Become 
Victims of Commercial Sexual Exploitation of Children. 
Available  from:  https://ecpatindonesia.org/en/news/
catatan-ecpat-indonesia-tahun-2017-404-anak-menjadi-
korban-eska/

5. Nehemia  B,  Soedarsono  N,  Yuniastuti  M.  Age 
estimation  based on the TCI method and histological 
analysis studies of the pulp chamber at the age of 9-21 
years. Jakarta. 2012. Available from: http://lib.ui.ac.id/file?
f i l e = d i g i t a l / 2 0 3 0 0 9 7 5 - T 3 0 4 8 0 % 2 0 -
%20Prakiraan%20usia.pdf

6. Nurfitria DT, Soedarsono N, Yuniastuti M, Nehemia B. 
Comparison of TCI-Benindra formula, Al-Qahtani, and 
Blenkin-Taylor methods for age estimation in 16–21 year 
olds. J Phys Conf Ser.  2018;1073(2):022012.

7. Baccetti  T,  Franchi  L,  McNamara  JA.  The  cervical 
vertebral maturation (CVM) method for the assessment 
of optimal treatment timing in dentofacial orthopedics. 
Semin Orthod 2005;11:119-29.

8. El-bakary A. Skeletal maturation using cervical vertebrae 
versus dental age for age estimation. Mansoura J Forens 
Med Clin Toxicol 2018;26(July):13-21.

9. Priya  E.  Methods  of  skeletal  age  estimation  used  by 
forensic anthropologists in adults :  a review. Forensic  Res 
Criminol Int J. 2017;4(2):41-51.

10. Lamparski DG. Skeletal age assessment utilizing cervical 
ve r tebrae .  Am  J  O r t h o d  D e n t o fa c  O r t h o p 
1975;67(4):458-59. 

11. Chalasani S, Prasad M, Talapaneni AK. An evaluation of 
skeletal  maturation  by  hand-wrist  bone  analysis  and 
cervical vertebral analysis: a comparative study. J Indian 
Orthod Soc 2013;47:433-37. 

12. Mito T, Sato K, Mitani H. Cervical vertebral bone age in 
girls. Am J Orthod Dentofac Orthop 2002;122(4):380-85.

13. Tanner JM, Whitehouse RH, Cameron N, Marshall WA, 
Healy  MJR,  Goldstein  H.  Assessment  of  skeletal 
maturity and prediction of adult height (TW2 method). 
London Acad Press 1983.

14. Alhadlaq AM. New model for cervical vertebral bone age 
estimation  in  boys.  King  Saud  Univ  J  Dent  Sci 
2014;4(1):1-5.

15. Baba IA, Shah AF, Shahnaz N, Yousuf A, Adhnan MF, 
Kanji  M.  Correlation  between  dental  maturity  and 
cervical  vertebral  maturity  amongst  7–15  year  old 
Kashmiri children. Sch J Dent Sci 2015;:259-64.

16. Caldas MP. New formula to objectively evaluate skeletal 
maturation using lateral cephalometric radiographs. Braz 
Oral Res 2007;21(4):330-35.

17. Drusini  AG. The coronal  pulp cavity  index:  a  forensic 
tool for age determination in human adults.  Cuad Med 
Forense 2008;14(53-54):235-49.

18. Ikeda N, Umetsu K, Kashimura S, Suzuki T, Oumi M. 
Estimation  of  age  from  teeth  with  their  soft  X-ray 
findings. Nihon Hoigaku Zasshi 1985;39(3):244-50.  

23



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

19. Research  Randomizer  [Internet].  [cited  2019  Apr  4]; 
Available from: https://www.randomizer.org. 

20. Chance  CA.  Dependence  of  craniofacial  growth  on 
stages  of  cervical  vertebral  maturation  and  stages  of 
mandibular  canine  mineralization.  [Internet]  2006. 
Available  from:  https://pdfs.semanticscholar.org/
0e27/562cffc3777b01a5db1c3d4713112e9cf693.pdf

21. Altan  M,  Dalci  ÖN,  Işeri  H.  Growth  of  the  cervical 
vertebrae in girls from 8 to 17 years. A longitudinal study. 
Eur J Orthod 2012;34(3):327-34.

22. Soegiharto  BM,  Cunningham  SJ,  Moles  DR.  Skeletal 
maturation  in  Indonesian  and  white  children  assessed 
with hand-wrist  and cervical  vertebrae methods.  Am J 
Orthod Dentofac Orthop 2008;134(2):217-26. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

23. Khoman  JA.  Age  estimation  16–70  years  old  using 
t o o t h  c o r o n a l  i n d e x  m e t h o d  o n  p e r i a p i c a l 
r a d i o g r a p h .  (C l ) : 0 - 1 .  Av a i l a b l e  f r o m :  h t t p : / /
w w w. l o n t a r . u i . a c . i d / f i l e ? f i l e = p d f / a b s t r a k /
id_abstrak-20415564.pdf

24. Waxenbaum  JA,  Reddy  V,  Futterman  B.  Anatomy, 
Back, Cervical  Vertebrae.  [Updated 2020 Jul  27].  In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing;  2020  Jan- .  Available  from:  https:/ /
www.ncbi.nlm.nih.gov/books/NBK459200/

25. Sastroasmoro  S,  Ismail  S.  Fundamentals  of  clinical 
research  methodology.  [cited  2019  Mar  3];  Available 
from:  http://www.lib.ui.ac.id/file?file=pdf/abstrak/
id_abstrak-20397919.pdf. 

24


