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ABSTRACT

Aim: Determination of age is a pivotal part of forensic dentistry. Since many dental age determination methods are invasive, Cameriere introduced
aradiographic method where age evaluation was carried out using an orthopantomogram (OPG). An adaptation of the same formula was later
formulated by Rai et al. for the Indian population. The aim of the study was to assess the age and to dictate the efficiency of the Indian version
of Cameriere’s formula in the Chennai subpopulation.

Materials and methods: This study consisted of radiographs belonging to 50 individuals with an age range of 5-15 years. Radiographs were
taken using the OPG and the soft copies obtained were analyzed. The variables such as seven left and right permanent mandibular teeth and
the number of teeth with closed apical, and with open apical, ends of roots were examined and measured. The obtained data, after substituting
in the formula was statistically analyzed using paired and unpaired t-test and Pearson’s correlation coefficient test.

Results: On comparing dental age and chronological age, statistically significant results were obtained on both sides of the radiograph. Between
genders, both sides of the radiograph showed non-significant results. On correlating the sides, the left side showed greater accuracy in age
determination compared to the right side of the OPG.

Conclusion: Age estimation using Indian-specified formula provides a near good estimate and hence can be a reliable method to measure
the chronological age of the participants.

Clinical significance: The Indian version of the Cameriere’s formula can be used as a rational tool to assess the age of young children and adolescents.
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INTRODUCTION

The appropriate approach and assessment of dental evince plays a
fundamental role in forensic dentistry, which is popularly utilized
for the identification of the living and deceased individuals."? Age
determination is a decisive component and fundamental in forensic
sciences with applications pertaining to medico-legal issues,
orthodontic management, adoption, criminal accountability, sexual
exploitation, pediatric endocrinology, and illegal immigration.?

A person’s growth can be analyzed by the implementation of
skeletal, odontological, ethnological, and intellectual methods.
Hand-wrist radiographs and assessment of dental maturity are
the customary means for age determination in children.* However,
the existing downside to the use of skeletal methods for age
determination is that bone progression and transformation are
greatly controlled by environmental characteristics and peak
radiation exposure. Hence, a possible proposition established
on dental evolution is acceptable, as the rate of calcification is
exceedingly guided by genes rather than circumstantial factors.>®
Besides, tooth development is less governed by malnutrition and
endocrinal pathologies and thus can be a dependable measure for
age determination.” Many archaic methods of dental determination
are based on morphological and histological alterations of the teeth
A greater number of these procedures necessitate the removal or
crumbling of the specimen teeth which is a major limitation.
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Demirjian and Goldsteiner pioneered in exhibiting the first
radiographic method of age determination for it was contemplated
upon that tooth mineralization is a measure of age, thereby
instituting a system for scoring.” Evidently, Cameriere et al. instigated
a constructive radiographic method that ascertains age by evaluating
immature young permanent mandibular teeth.* Multiple research
works have been carried out based on this formula. This has proved
authenticity and is unambiguous in determining the age of children.?

A study by Rai et al.'® presented that “Cameriere’s formula
yielding correct value for the European sample could not be applied
to the Indian population.” Hence, a novel formula was composed for
the Indian representatives by accounting for the contrasting nature
of the North, South, and Central Indian populations. The aim of the
present study was to assess the age and to dictate the efficiency
of the Indianized version of Cameriere’s formula in the Chennai
subpopulation.

MATERIALS AND METHODS

The study included 50 individuals visiting a private Dental College
in Chennai, Tamil Nadu, India, between the age groups 5 and
15 years. To ascertain the influence of gender, 25 males and 25
female participants were chosen. The inclusion criteria involved
healthy patients with no systemic diseases, dental anomalies, and
other comorbidities and only those patients who required digital
radiography either due to multiple carious lesions or orthodontic
purposes. The ethnicity of the participants was confirmed using their
birth certificates issued by The Government of India as belonging
to South India. The exclusion criteria include missing one or more
permanent mandibular teeth and low-resolution radiographs.
Ethical approval was granted by the review board of the institution
and written consent from the parents/guardians of the participating
children was obtained by explaining to them the need for the study.

The OPGs were obtained and later digitalized in the Image)
software. This was done with due contemplation with regard to the
age of the participating subjects and the consequences of radiation
subjection. The variables to be substituted in the formula were
derived from the OPGs separately by two independent observers
to overcome inter-observer bias.

In the radiograph, the date of birth was subtracted from the
date, the radiograph was taken in order to quantify the chronological
age of every subject. The teeth to be evaluated for this study are
the seven left and right permanent mandibular teeth. The number
of teeth with closed root apices was calculated as N,. The teeth
with incomplete root development were assessed and the space
connecting the inmost borders of the open apex was measured as
A;(wherei=1,2,3,...,7isthe number of the tooth). With respect to
multiple rooted teeth, the sum of the widths between the innermost
borders of the two open apices was evaluated (e.g., A, = A, + A,,).
All measurements obtained were normalized by dividing A; with
tooth length L, (wherei=1, 2, 3, ..., 7) to bypass angulation and
magnification errors (Fig. 1).

Ultimately, the dental development outcome for each tooth
was acquired by computing the X, where (X; = A/L). The sum of
the cumulative open apices is represented as “s” which is the sum
of X;, X5, X5, X4y X5, X, and X;). The values were then replaced in the
Indianized Cameriere’s formula as follows: Age = 9.402 — 0.879¢ +
0.663N,—0.7115—0.1065SN,,, where cis a constant variable. The value
of ¢ for the South Indian population is considered as 1 and hence
the same was substituted for the study. The Statistical Package for
the Social Sciences (SPSS) software, version 22, was used to perform
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Fig 1: Measuring of various variables from OPG

Table 1: Comparison of estimated age and chronological age in males
on the left and right sides using paired t-test

Methods Mean SD p-value
Chronological age 10.09 244
<0.001
Cameriere’s method (LS) 9.33 2.39
Chronological age 10.09 2.44
<0.001
Cameriere’s method (RS) 9.23 240
Cameriere’s method (LS) 9.33 239
0.001
Cameriere’s method (RS) 9.23 240

LS, left side; RS, right side; SD, standard deviation

Table 2: Comparison of estimated age and chronological age in females
on left and right sides using paired t-test

Methods Mean SD p-value
Chronological age 10.70 2.28
<0.001
Cameriere’s method (LS) 9.84 237
Chronological age 10.70 2.28
<0.001
Cameriere’s method (RS) 9.79 235
Cameriere’s method (LS) 9.84 237
0.005
Cameriere’s method (RS) 9.79 235

LS, left side; RS, right side; SD, standard deviation

paired and unpaired t-tests and Pearson correlation coefficient on
the collected data.

REsuLTs

In this study, the mean chronological age for males was 10.09
years; estimated mean age on left side of the OPG was 9.33 and
that on the right side was 9.23. On comparing both, a significant
p-value of 0.001 was obtained (Table 1). Similarly, the mean
chronological age for females was 10.70 years; the estimated mean
age on the left side of the OPG was 9.84 and that on the right side
was 9.79 which in comparison also demonstrated a significant
p-value of 0.005 (Table 2). In comparison of age on the basis of
gender, no significant difference was obtained for both left and
right sides of the OPG (p >0.05) (Table 3). Karl Pearson correlation
revealed that age determination on the left side of the OPG was
better than on the right side in both genders (Table 4).

Discussion

This cross-sectional study comprised of a sample population of
50individuals ranging from 5-15 years of age. In order to overcome
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Table 3: Comparison of estimated age and chronological age on right
and left sides based on gender using unpaired t-test

Methods Gender p-value
Chronological age Male
0.364
Female
Cameriere’s method (LS) Male
0.411
Female
Cameriere’s method (RS) Male
0.456
Female

LS, left side; RS, right side

Table 4: Correlation between estimated ages on both sides with gender
using Pearson’s correlation coefficient

r-value
Methods Male Female p-value
Cameriere’s method (LS) 0.972 0.941 0.000
Cameriere’s method (RS) 0.894 0.858 0.000

LS, left side; RS, right side

gender bias, the sample was evenly divided into 25 males and
25 females. The focus on this age category is beneficial as the
tooth undergoes different phases of growth and hence dental
determination of age is noteworthy. Dental maturity is influenced
by both genetic and environmental elements. Permanent tooth
eruption is guided by certain determinants such as dental arch
length, extraction of primary precursors, unfavorable movements,
or impaction of teeth. During root development, a significant
variation is viewed among the sexes, with males lagging in growth
in comparison to females."

Both skeletal and dental methods of age determination primarily
depend on radiography and are considered dependable.'%'?
Dental indicators of maturity are highly acclaimed as they remain
unaffected by circumstantial sources.'® Dental age forms a part
of the biological progress which is analogously apposite from
childhood to post pubescence. The permanent dentition continues
to undergo alterations even after reaching maturation. This makes
age determination achievable even in adults."

An advantageous method for age determination was con-
structed by Cameriere et al. wherein the gender, second premolar,
N, and s are substantial variables in the equation explicitly for
the European natives. Using this equation, a statistically signif-
icant association with chronological age was found wherein
the morphological variables elucidate 83.6% of the differences
(R, =0.836).* India is a huge country that is diverse in its cultural,
communal, and dietary aspects and it well impacts a child’s devel-
opment. Hence, a formula that provides precise estimates for an
Italian populace cannot be subjected to an Indian population,
making it obligatory to formulate a novel equation by taking
into consideration the variability between the South, North, and
Central India. Therefore, the inconstant variables ¢, Nj, and s were
given ideal values in the derivational equation of age determina-
tion for the Indian population.'’ For our study, c was substituted
as 1 as we had included a South Indian population sample.

In this study, significant results were seen in comparing
chronological age with estimated age, for both sides of the OPGin
both genders (Tables 1 and 2) This outcome is in accordance with

the analysis performed by Pratyusha et al.”® However, the results
were in contrast to those performed by Bagh et al. and Rai et al.'
Age underestimation was perceived in males by 0.76 and 0.86
on the left side and right side of the OPGs, respectively. Similarly,
forfemales, underestimation was noted as 0.86 and 0.91 on the left
side and right side of the OPGs, respectively. These results were in
agreement with research carried out by Javadinejad et al.'® who
observed an underestimation of age for girls by 0.11 years and for
boys by 0.27 years.

When the validity of the formula was based on gender, no
statistically significant (p >0.05) outcome was obtained on either
side of the radiograph (Table 3). Studies conducted by Bagh et al.
and Attiguppe et al. also provided congruent results.""!” The
outcome confirms that age determination is not gender specific.
Nevertheless, it is understood that dental maturity in females
proceeds from that of males.'® However, Rai et al. ascertained that
malnourishment and strenuous workload anticipated from girls
in India may counteract their rapid growth and development.'®

In comparison of the sides on the OPG, the estimated age on
the left side of the OPG exhibited a superior outcome than the
right side in both genders (Table 4). This reliability could be owed
to the fact that the left side of the mandible becomes lengthy by
6 years of age in both genders. However, only by the age of 12 years
in females and 16 years in males, the right side of the mandible
becomes lengthier establishing that the mandibular development
is more rapid on the left side.”® Also, an overriding deteriorating
evolutionary form is detected on the right side of the mandible
consequently providing paramount results of age determination
on the left side of the OPG.?°

LimiTATION

This study was carried out over a small-scale population
necessitating future studies over a vast South Indian population
to vindicate the authenticity of Cameriere’s Indianized formula for
age determination.

CONCLUSION

Our analysis using Cameriere’s formula displays an acceptable
estimate between the chronological age and estimated age in
the included population. No correlation could be established
on the basis of gender. A better estimation of age was derived
from the left side of the OPG. Cameriere’s Indian-specific formula
is not particularly accurate, however, due to its near approximation
to the chronological age, it can be used as a rational tool to assess
the age of young children and adolescents.

ACKNOWLEDGMENT

Author extending his sincere gratitude to Dr Vignesh Ravindran
for his constant guidance and support throughout the course of
this study.

ORrciD

Vignesh Ravindran ® https://orcid.org/0000-0002-7534-3636
Ganesh Jeevanandan © https://orcid.org/0000-0003-3631-6982
Prabhadevi C Maganur ® https://orcid.org/0000-0002-0959-2597
Satish Vishwanathaiah © https://orcid.org/0000-0002-8376-297X
Shankargouda Patil © https://orcid.org/0000-0001-7246-5497

The Journal of Contemporary Dental Practice, Volume 23 Issue 7 (July 2022) 741


https://orcid.org/0000-0002-7534-3636
https://orcid.org/0000-0002-7534-3636
https://orcid.org/0000-0003-3631-6982
https://orcid.org/0000-0003-3631-6982
https://orcid.org/0000-0002-0959-2597
https://orcid.org/0000-0002-0959-2597
https://orcid.org/0000-0002-8376-297X
https://orcid.org/0000-0002-8376-297X
https://orcid.org/0000-0001-7246-5497
https://orcid.org/0000-0001-7246-5497

Age Determination in Children Using Camirere’s Indian Specific Formula

REFERENCES

1.

10.

11.

742

Shetty P, Raviprakash A. Forensic odontology in India, an oral
pathologist’s perspective. J Forensic Dent Sci 2011;3(1):23-26. DOI:
10.4103/0975-1475.85291.

Glaister J. A Text-book of Medical Jurisprudence and Toxicology.
Edinburgh: E. &S Livingstone, 1931.

De Luca S, De Giorgio S, Butti AC, et al. Age estimation in children
by measurement of open apices in tooth roots: Study of a Mexican
sample. Forensic Sci Int 2012;10;221(1-3):155.e1-7. DOI: 10.1016/
j.forsciint.2012.04.026.

Cameriere R, Ferrante L, Cingolani M. Age estimation in children by
measurement of open apices in teeth. Int J Legal Med 2006;120(1):
49-52.DOI: 10.1007/s00414-005-0047-9.

Hurme VO. Standards of variation in the eruption of the first six
permanent teeth. Child Development 1948;19(4):213-231. DOI:
10.2307/1125669.

Gleiser I, Hunt EE Jr. The permanent mandibular first molar: its
calcification, eruption and decay. Am J Phys Anthropol 1955;13(2):
253-283.DOI: 10.1002/ajpa.1330130206.

Shrestha A, Yadav RP, Shrtestha S, et al. Measurement of open apices
in teeth for estimation of age in children. Health Renaissance 2014;
12(1):33-37. DOI: 10.3126/hren.v12i1.11983.

Shamim T. A new working classification proposed for forensic
odontology. J Coll Physicians Surg Pak 2011;21(1):59. PMID: 21276392.
Demirjian A, Goldstein H. New systems for dental maturity based on
seven and four teeth. Ann Hum Biol 1976;3(5):411-421. DOI: 10.1080/
03014467600001671.

Rai B, Kaur J, Cingolani M, et al. Age estimation in children by
measurement of open apices in teeth: An Indian formula. Int J Legal
Med 2010;124(3):237-241. DOI: 10.1007/s00414-010-0427-7.

Vadla P, Surekha R, Rao GV, et al. Assessing the accuracy of Cameriere’s
Indian-specific formula for age estimation on right and left sides of

The Journal of Contemporary Dental Practice, Volume 23 Issue 7 (July 2022)

12.

18.

19.

20.

orthopantomogram. Egypt J Forensic Sci 2020;(10)9. DOI: 10.1186/
$41935-020-00183-6.

Rai B, Anand SC. Age estimation in children from dental radiograph: A
regression equation. IntJ Biol Anthropol 2008;1:1-5. DOI: 10.5580/bcf.
Jatti D, Kantaraj Y, Nagaraju R, et al. Age estimation by measuring
open apices of lower erupted teeth in 12-16 years olds by
radiographic evaluation. J Forensic Leg Med 2013;20(5):430-434.
DOI: 10.1016/j.jflm.2012.10.002.

Shafer, Hine, Levy. Forensic Odontology: Textbook of Oral Pathology,
7th edition, New Delhi: Reed Elsevier India Pvt Ltd., 2012, pp. 890-894.
Pratyusha K, Prasad MG, Radhakrishna AN, et al. Applicability of
Demirjian’s method and modified Cameriere’s methods for dental
age assessment in children. J Clin Diagn Res 2017;11(2):ZC40.
DOI: 10.7860/JCDR/2017/21474.9342.

Javadinejad S, Sekhavati H, Ghafari R. A comparison of the accuracy
of four age estimation methods based on panoramic radiography of
developing teeth. J Dent Res Dent Clin Dent Prospects 2015;9(2):72.
DOI: 10.15171/joddd.2015.015.

Attiguppe PR, Yavagal C, MagantiR, et al. Age assessment in children:
a novel Cameriere’s stratagem. Int J Clin Pediatr Dent 2016;9(4):330.
DOI: 10.5005/jp-journals-10005-1387.

Moorrees CF, Fanning EA, Hunt EE Jr. Age variation of formation
stages for ten permanent teeth. J Dent Res 1963;42(6):1490-1502.
DOI: 10.1177/00220345630420062701.

Melnik AK. A cephalometric study of mandibular asymmetry in a
longitudinally followed sample of growing children. Am J Orthod
Dentofacial Orthop 1992;101(4):355-366. DOI: 10.1016/50889-
5406(05)80329-4.

Paliwal A, Wanjari S, ParwaniR. Palatal rugoscopy: Establishing identity.
J Forensic Dent Sci 2010;2(1):27. DOI: 10.4103/0974-2948.71054.



