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ABSTRACT

Background: Estimating chronological age through
dental development is a highly reliable
physiological alternative when exact birth records
are unavailable.

Aim: To evaluate and compare the accuracy of
Demirjian’s and Nolla’s methods in predicting
chronological age among children aged 6 to 11
years in the Thiruvananthapuram population using
panoramic radiographs.

Methodology: A hospital-based, cross-sectional
study was conducted among 150 children (75 males,
75 females) selected via consecutive sampling.
Panoramic radiographs were assessed to assign
dental ages using the Demirjian and Nolla methods
based on the development of seven left mandibular
permanent teeth.

Results: The mean chronological age of the sample
was 8.50 £ 1.45 years. Demirjian’s method yielded a
mean estimated dental age of 8.75 + 1.52 years,
demonstrating a significant overall overestimation
of 0.25 years (p < 0.001). Conversely, Nolla’s
method yielded a mean dental age of 8.00 = 0.81
years, showing a significant overall underestimation
of 0.50 years (p < 0.001). Demirjian's method had
higher predictive accuracy, with 39.3% of estimates
falling within three months of the chronological age,
compared to 24.0% for Nolla's method.

Conclusion: While both methods exhibited
statistically significant differences from the actual
chronological age, Demirjian’s method proved to be
more applicable, accurate, and reliable for age
estimation in this population.

Keywords: Age determination by teeth, Forensic
Dentistry, Panoramic radiography, Child, Dental age
estimation,

| INTRODUCTION
Knowing one's age is a basic human right,
providing documented identity to the individual (1).

The term chronological age refers to the actual
calendric age of a person, determined by their exact
date of birth and the elapsed time since then.
Conversely, dental age refers to the morphological
and developmental state of an individual’s dentition,
independent of their calendric age. Moorrees et al.
described dental age as encompassing both the
formation and the emergence of teeth, while
Krogman defined it as the biological registry of the
developing dentition (2,3).

The accurate assessment of dental age is a
cornerstone in both clinical and legal contexts. In
pediatric dentistry and orthodontics, assessing a
child's dental maturity is essential to rule out
systemic  disturbances and  carefully plan
interventions (3). According to the United Nations
Children’s Fund (UNICEF), approximately 1 in 4
childbirths remain unregistered globally, making
alternative physiological age indicators critical (1).

In forensic odontology, age estimation
plays an indispensable role in civil and criminal
proceedings. Under the Indian legal framework,
precise chronological age dictates the application of
various statutes, such as Section 82 of the Indian
Penal Code, the Central Adoption Resource
Authority (CARA) guidelines, and the Child Labour
Prohibition and Regulation Act (4).

While skeletal age assessment (e.g., hand-
wrist radiographs) can indicate age, it is limited by
higher radiation doses (5). Teeth, however, survive
inhumation extremely well due to their minimal
organic content, possess a high degree of
heritability, and remain largely independent of
environmental or endocrine fluctuations.

Demirjian’s method, introduced in 1973
based on a French-Canadian population, utilizes an
eight stage ordinal scale (A to H) to score the
development of seven left mandibular teeth (6).
Alternatively, Nolla’s method, introduced in 1960,
employs a 10-point numerical scale (0 to 10)
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evaluating the absence of the crypt to complete
apical closure (7).

Because dental development differs across
geographical regions due to genetic and cultural
variances, population specific evaluations are
crucial (8). Most comparative studies evaluating
these two methods have focused on western
populations, leaving a gap in data concerning Indian
demographics, specifically the population of
Thiruvananthapuram. Thus, this study aimed to
estimate and compare the mean dental age derived
via Demirjian’s and Nolla’s methods with the true
chronological age in 6 to 1l-year-old children in
Thiruvananthapuram.

II. METHODOLOGY
Study Design, Setting, and Participants A hospital
based, cross sectional study was conducted in the
Department of Paediatric and Preventive Dentistry
at the Government Dental College,
Thiruvananthapuram. The study involved 150
children (75 males and 75 females) aged between 6
and 11 years, divided evenly into five age cohorts
using consecutive sampling.
Inclusion and Exclusion Criteria Participants
included healthy children born and raised in
Thiruvananthapuram possessing a full complement
of left mandibular permanent teeth up to the second
molar. Diagnostic-quality panoramic radiographs
and authentic age-proof documentation were
mandatory. Children with systemic diseases,
congenital anomalies, dental abnormalities, prior
orthodontic treatment, or facial trauma were
excluded.
Ethical Considerations The study protocol
obtained ethical clearance from the Government
Dental College Institutional Ethics Committee
(IEC/E/24/2019/GDCT). Written informed consent
was obtained from parents, alongside verbal assent
from the children prior to clinical examination.
Radiographic Assessment Radiographic
interpretation of the Orthopantomographs (OPG)
was conducted using a view box. Dental age was

estimated using the seven left mandibular permanent
teeth to prevent maxillary superimposition issues.

e Demirjian’s Method: The development of
each tooth was classified into eight stages
(A to H). Recorded stages were converted
into maturity scores using gender-specific
conversion tables, which were totalled and
converted into estimated dental age (6).

e Nolla’s Method: The developmental status
of the teeth was evaluated on a numerical
scale ranging from 0 to 10. Fractional
values (0.2, 0.5, or 0.7) were appended for
intermediate stages. The scores were
totalled and divided by the number of teeth
assessed to yield the dental age (7).

Statistical Analysis

Data were analysed using the statistical
software package SPSS version 20.0. Quantitative
variables were expressed as mean =+ standard
deviation (SD), while categorical variables were
expressed as frequencies and percentages. Paired t-
tests were employed to compare the actual
chronological age against the estimated Dental age.
The Chi-square test was utilized to evaluate
associations  between  categorical  variables,
specifically to compare the predictive accuracy and
frequencies of estimation errors between the two
methods.  Inter-observer and  intra-observer
reliability were assessed using Cohen’s kappa
coefficient. For all statistical interpretations, a p-
value of < 0.05 was considered the threshold for
statistical significance.

III. RESULTS

Study Population

A total of 150 children aged 6-11 years were
included in the study. The sample consisted of 75
males and 75 females, with 30 children in each age
group (6-6.9, 7-7.9, 8-8.9, 9-9.9, and 1011 years).
The overall mean chronological age was 8.50 + 1.45
years. The mean chronological age among males
and females was 8.48 = 1.40 years and 8.52 + 1.51
years, respectively.

Table 1. Demographic Characteristics of the Study Population (N = 150)

Variable Value
Total participants 150
Males 75 (50.0%)
Females 75 (50.0%)
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Mean chronological age (years) 8.50+1.45
Mean age of males (years) 8.48 +1.40
Mean age of females (years) 8.52+1.51

Comparison of chronological age and Dental age
estimated by Demirjian's method

The mean dental age estimated by
Demirjian's method for the total sample was 8.75 +
1.52 years, which was significantly higher than the
mean chronological age of 8.50 £ 1.45 years (p <

0.001), indicating an overall overestimation of 0.25
years. The greatest overestimation was observed in
the 6—6.9-year age group (0.57 years), while a slight
underestimation was observed in the 8§—8.9-year age
group (-0.14 years).

Table 2. Comparison of chronological age and Dental age estimated by Demirjian's method

Age Group (Years) Chr;/rllé);ggilcsi)Age Dental Asg,g Mean + Meatz&if:)rence P value
6-6.9 6.51+0.24 7.08 £0.42 +0.57 <0.001
7-7.9 7.53+£0.27 7.68 £0.36 +0.16 0.004
8-8.9 8.46 +0.23 8.31+0.32 -0.14 0.035
9-9.9 9.47+0.28 9.74£0.70 +0.28 0.050
10-11 10.56 +£0.36 10.93 +0.84 +0.37 0.019
Total 8.50 + 1.45 8.75+1.52 +0.25 <0.001

Range of variation (in months) between difference of > 6 months was observed in 20

chronological age and estimated age by
Demirjian’s method, for the total sample.

The combined range of variation (in months),
between the chronological age and estimated age for
the total sample by the Demirjian’s method showed
that 59 (39.3%), had < 3 months, 33 (22.0%) had 3-
6 months and 58 (38.7%) had > 6 months of
difference between the chronological age and the
estimated age. In the 6 - 6.9 years’ group, a

subjects (66.7%). However, in subjects between 7 -
7.9 years, the difference of > 6 months was found
only in 3 (10%), whereas it was less than 3 months
in 70.0%. Moreover, in the age group 8 -8.9 years,
where the age was underestimated, there was a
difference of < 3 months among 17 of the children
(56.7%), which was highly significant (p < 0.001)
[Graph 1].

DOI: 10.35629/6018-0803258265

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 260



-
<

International Journal Dental and Medical Sciences Research
Volume 8, Issue 3, May-June 2026 pp: 258-265 www.ijdmsrjournal.com ISSN: 2582-6018

70.0

60.0 -

u

o o

o o
! !

Pgrcentage
o
o

70.0
66.7

56.7

40.0

333

30.0

20.0

20.0

N

o

o
!

13.3
10.0

10.0 -

20.0
16.7

0.0

B <=3 Months

® 3 Months - 6 Months

10-11

™ >6 Months

Graph 1: Range of variation (in months) between chronological age and estimated age by Demirjian’s method
for the total sample.

Comparison of Chronological age and Dental age
estimated by Nolla's Method

The mean dental age estimated by Nolla's method
was 8.00 £ 0.81 years, which was significantly lower

than the mean chronological age of 8.50 £ 1.45 years
(p < 0.001), indicating an overall underestimation of
0.50 years. The greatest underestimation was
observed in the 10—11-year age group (1.59 years).

Table 3. Comparison of chronological age and Dental age estimated by Nolla's Method

Age Group (Years) | Chronological Age | Dental Age Mean + | Mean Difference P value
Mean + SD SD (Years)
6-6.9 6.51+£0.24 6.90+0.33 +0.38 <0.001
7-1.9 7.53£0.27 7.49 +£0.39 -0.03 0.568
8-8.9 8.46 +0.23 8.07 £ 0.26 -0.39 <0.001
9-9.9 9.47 £0.28 8.59+£0.31 -0.88 <0.001
10-11 10.56 + 0.36 8.97+0.31 -1.59 <0.001
Total 8.50+1.45 8.00 +0.81 -0.50 <0.001
Range of variation (in months) between underestimated. With advancing age, the difference

chronological age and estimated age by Nolla’s
method for the total sample.

The combined range of variation in months,
between the chronological age and the estimated
age, in the total sample using the Nolla’s method,
showed that nearly half of the study subjects had
more than 6 months of difference between
chronological age and estimated age, which was

between chronological age and estimated age was
found to be increasing. For age groups 9 - 9.9 years
and 10 - 11 years, almost all the subjects had a
difference of > 6 months between the chronological
age and estimated age. Statistically, there was a
significant association between the age groups and
extent of difference between the chronological age
and the estimated age [Graph 2].
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Graph 2: Range of variation (in months) between chronological age and estimated age by Nolla’s method for
the total sample.

Gender-wise Comparison
Estimation Methods
Gender-wise analysis demonstrated that
Demirjian's method overestimated chronological age
by 0.27 years in males and 0.22 years in females.

of Dental Age

chronological age by 0.58 years in males and 0.42
years in females. Both methods showed statistically
significant differences from chronological age,
except for selected age groups where no significant
differences were observed

Conversely, Nolla's method underestimated
Table 4. Gender wise comparison of chronological age and estimated Dental age
Demirjian Nolla
Chronological Difference Age Difference
Gender Age Mean + SD Age Mean + (Years) p-value Mean + (Years) P value
SD
SD
7.90 +
Male 8.48£1.40 8.75+1.52 <0.001 078 -0.58 <0.001
8.10+
Female 8.52+1.51 8.75+1.53 0.005 083 -0.42 <0.001

Comparative Evaluation of Demirjian's and
Nolla's Methods

Comparison of the two methods revealed
statistically significant differences across all age
groups and for the total sample (p < 0.001).

Demirjian's method consistently provided age
estimates closer to chronological age than Nolla's
method. The greatest discrepancy between the two
methods was observed in the 10—11-year age group
(1.96 years).

Table 5. Comparison of mean difference between chronological age and estimated Dental age by Demirjian's

and Nolla's Methods
Demirjian Mean Nolla Mean Difference
Age Group (Years) Difference Difference Between Methods P value
6-6.9 -0.57 -0.38 0.18 <0.001
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7-7.9 -0.16 0.03 0.19 <0.001

8-8.9 0.14 0.39 0.25 <0.001

9-9.9 -0.28 0.88 1.15 <0.001

10-11 -0.37 1.59 1.96 <0.001

Total -0.25 0.50 0.75 <0.001
Range of variation (in months) from least variation, Nolla’s method showed a similar

chronological age as estimated by Demirjian’s
and Nolla’s methods, for the total sample.

When Demirjian’s method was applied for the total
sample, 59 (39.3%) subjects had least variation
(within 3 months) between the estimated age and
chronological age. Even within this sub-group of

variation in only 24 (40.7%) subjects, whereas 17
(28.8%) subjects showed a variation of 3-6 months,
and 18 (30.5%) showed a variation of > 6 months,
suggesting the better applicability of Demirjian’s
method in the study population [Graph 3].
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Graph 3: Range of variation (in months) between chronological age and estimated age by Demirjian’s and
Nolla’s methods for the total sample.

Predictive
methods
The  predictive  accuracy  analysis
demonstrated that Demirjian's method was
significantly more accurate than Nolla's method. For
the total sample, 39.3% of children had estimation
errors within three months using Demirjian's method
compared with 24.0% using Nolla's method.
Conversely, estimation errors exceeding six months
were more frequent with Nolla's method (55.3%)
than with Demirjian's method (38.7%) (> = 27.19, p

accuracy and reliability of the

< 0.001). Similar findings were observed among
both males and females.

Both methods demonstrated excellent
reproducibility. Inter-observer correlation
coefficients were 0.96 for Demirjian's method and
0.95 for Nolla's method, while intra-observer
correlation coefficients were 098 and 0.97,
respectively. Individual tooth stage reliability
ranged from 0.890 to 1.000, indicating excellent
agreement

Table 6. Predictive accuracy and reliability of Demirjian's and Nolla's Methods

Parameter Demirjian's Method Nolla's Method
Estimation error <3 months 39.3% 24.0%
Estimation error 3—6 months 22.0% 20.7%
Estimation error >6 months 38.7% 55.3%
Inter-observer reliability (1) 0.96 0.95
Intra-observer reliability (r) 0.98 0.97

DOI: 10.35629/6018-0803258265

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 263



el
<
g

-
<

International Journal Dental and Medical Sciences Research
Volume 8, Issue 3, May-June 2026 pp: 258-265 www.ijdmsrjournal.com

IV.  DISCUSSION
Performance of Demirjian’s Method

Our findings demonstrated that Demirjian’s
method yielded a slight but statistically significant
overall overestimation of chronological age by 0.25
years. This trend aligns tightly with an extensive
body of literature analyzing various global
populations, including Malay, Brazilian, and
Pakistani cohorts (9,10,11). Meta-analyses by Bagi¢
et al. and Yan et al. have also confirmed the
systematic tendency of this method to overestimate
chronological age universally by roughly 4 to 8
months (12,13).

Within the Indian context, our results
mirror findings reported by Mohammed et al., who
found a very similar overestimation of 0.1 + 1.63
years in South Indian children, and Hegde et al.
(14,15). Conversely, researchers like Koshy and
Tandon noted extreme overestimations nearing three
years in South India (16). The universal tendency of
the Demirjian system to over-calculate age is largely
attributed to its reliance on baseline data sourced
from a 1970s French-Canadian population, which
often lags behind the biological maturation rates of
contemporary children driven by positive secular
trends.

Performance of Nolla’s Method

Nolla’s method produced a significant
overall underestimation of 0.50 years. This dynamic
corroborates the findings of Nandlal et al., who
reported that the magnitude of underestimation
directly scales with advancing chronological age
(17).

The underestimation profile of Nolla’s
method reflects outcomes documented in Egyptian,
Spanish, and Turkish populations (18,19,20). The
severe underestimations, specifically in older
subjects, likely stem from the structural nature of
Nolla’s ordinal scale, which assigns numerical
fractions without strictly accounting for the varying
biological timelines each tooth requires to navigate
individual mineralization phases (5).

Comparative superiority and clinical relevance
When directly comparing the efficacy of
the two assessment tools, Demirjian’s method
emerged as vastly superior for  the
Thiruvananthapuram  population. =~ Demirjian’s
method categorized 39.3% of the cohort into the
highly accurate < 3-month error margin,
significantly outpacing Nolla's 24.0% success rate.
These findings resoundingly agree with researchers
such as Shruti Sinha et al. and Sanskriti Khanal,
who individually verified the clinical superiority of
Demirjian’s method over Nolla’s method in North

Indian and Nepalese populations, respectively
(21,22).

Gender dimorphism in Dental maturation

The analysis highlighted the presence of a
mild sexual dimorphism, finding that female
participants demonstrated slightly advanced dental
maturation trajectories relative to males. These
outcomes echo broad consensus within the
literature, indicating that females typically achieve
dental developmental milestones earlier than males
(23). Prepubertal elevations of estrogen in females
act as an initial catalyst accelerating dental
maturation earlier than the subsequent testosterone-
driven maturation phases experienced by males.

Strengths and limitations

A primary strength of this study was its
rigorous inclusion of subjects strictly originating
from Thiruvananthapuram, ensuring localized
demographic fidelity. However, relying exclusively
on a convenience sample drawn from a single
institution curtails broad generalizability. Executing
these methods mechanically also assumes universal
continuity, failing to correct for the inherent
mismatch caused by deploying foreign standards
onto contemporary Indian cohorts.

V.  Conclusion

The precise estimation of chronological age
using dental maturation stages remains an
imperative diagnostic asset. The current study
assessed the accuracy of Demirjian’s and Nolla’s
methodologies in 6 to 1l-year-old children from
Thiruvananthapuram. The findings indicate that
while Demirjian’s method slightly overestimates
chronological age and Nolla’s method significantly
underestimates it, Demirjian’s method boasts
superior predictive accuracy, narrower estimation
errors, and excellent reproducibility. Consequently,
Demirjian’s method is considerably more reliable
for clinical and forensic age estimation within this
population. However, future multicentric research
must formulate population-specific regression
equations to ensure high-fidelity age estimations
tailored to contemporary Indian demographics.
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