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Abstract

Background: A cross-sectional study was done on 900 children of North Indian origin, (male = 458; female = 442)
aged 10 to 16 years. Digital radiovisiography of permanent mandibular second molar was chosen over higher
radiation extra oral projections used for whole arch-like orthopantogram. Each image was evaluated for mean
dental age using Nolla’s method of age estimation and was compared to the mean chronological age of children
in the study group. The study was conducted to evaluate the applicability of Nolla’s method of age estimation in
the North Indian population.

Results: The mean dental age was found to be significantly underestimated by (1.8 ± 5.5) months in 900 children.
The trend of underestimation was more in males ((2.5 ± 4.2) months) as compared to females ((1.1 ± 6.4) months).
Both sexes showed underestimation of chronological age till 14 years. However, the dental age and chronological
age became similar at 14 years, and overestimation of chronological age was observed afterwards (p value > 0.001).

Conclusion: Nolla’s method of age estimation using radiovisiograph for mandibular second molar is a reliable
method in children of North Indian origin, although it underestimates the chronological age. After the average age
of 14, dental age surpassed chronological age in the study group. In addition, permanent mandibular second molar
was found to be a reliable tooth for dental age estimation.
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Background
Estimation of age is a crucial exercise in medico-legal
cases and while formulating treatment plans. Age esti-
mation has many factors, viz., skeletal age, sexual age,
chronological age (CA), and dental age (DA). Assess-
ment of tooth development is widely being used these
days for age estimation (Kırzıoğlu and Ceyhan, 2012).
Teeth are considered among the most indestructible part
of the body exhibiting the least turnover rate of natural
structure. The nutritional, hormonal, and pathological
changes have minimal effect on developing teeth in

children, making them a valuable tool for age estimation
(Panchbhai 2011).
Radiographic method is a more accurate, non-destructive,

feasible, and a valid method for estimating the dental age
when compared with morphological, biochemical, and histo-
logical methods (Babshet et al. 2010). The Study Group on
Forensic Age Diagnostics recommends combining the results
of physical examination and radiograph of the hand and
wrist for forensic age estimation in live subjects. A dental
examination may additionally be performed that records the
state of development of the dentition using a panoramic
radiograph (Schmeling et al. 2010).
Dental age estimation using an orthopantogram has

the advantages of a one-time exposure and very low
doses of radiation with negligible proportional effect, es-
pecially when compared with other skeletal radiographic
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techniques. There is an inconsequential risk of < 1:2,000,
000 (2 million) of developing cancer from a single ortho-
pantogram radiograph in a lifetime, and the odds of
death is totally “negligible” (Whaites and Drage, 2013).
Consequently, this may justify the use of an orthopan-

togram as a commonly chosen radiographing technique
by most age assessment methods (Demirjian et al. 1973;
Kvaal et al. 1995). Notwithstanding its popularity in lit-
erature, it has approximately 10 times greater radiation
exposure in comparison to intra oral periapical radio-
graph—radiovisiography (RVG)—making the latter a
valid choice of radiography for applying Nolla’s method
in our study, thus following ALARA (as low as reason-
ably achievable) principle (White and Pharoah 2009).
Nolla’s method measures calcification progression in a

tooth by quantifying it objectively (Nolla 1960). A popu-
lation specific assessment for Nolla’s method for North
Indian population may help forensic odontologists, age
estimation boards, and healthcare professionals, there-
fore forming the rationale of this study.

Materials and methods
Children aged 10–16 years (120–192 months) of North
Indian origin visiting the outpatient setting of the De-
partment of Paedodontics and Preventive Dentistry,
UCMS, and GTBH, Delhi, were screened. Those requir-
ing routine radiographs for both diagnostic and thera-
peutic purposes exhibiting distinct root morphology of
permanent mandibular right second molar were consid-
ered for inclusion in the study. Of these children, those
presenting with history of fluorosis, bone deformity,
bone diseases, history of surgery, or trauma in dentofa-
cial region affecting growth and development were ex-
cluded from the study. The remaining children were
then allotted a number, and only the ones bearing a ran-
dom number (computer generated random sampling
list) were finally radiographed. The above exercise was
carried out on a daily basis till a figure of 900 was
achieved.
A total of 900 children were subsequently selected and

allotted to six groups according to their age (Table 1).
The ongoing study had no bearing on the treatment

protocol required and delivered for each child and was
done after due approval from the Institutional Ethics
Committee-Human Research (IEC-HR) of UCMS and
GTBH, Delhi, with reference no. IEC-HR/2017/32/127.
Informed consent was obtained from parents/guardian
prior to the study. Chronological age was confirmed and
recorded from the parents/guardians of the patient on
the day of radiograph.

Radiographic assessment
Dental age was calculated using radiovisiograph of per-
manent right mandibular second molar. A radiovisio-
graph sensor (Vatech EzSensor Classic, IOS-U15IB, Size
1.5) duly covered with sterile sleeve was placed in the
right mandibular second molar region, and the x-ray
tube was positioned at a standard 5° angle focusing on
the area of interest. The radiograph was exposed at a
standard 60-kV power for 0.2 s exposure time at 6 mA
current. Staging in Nolla’s method involves shape of the
tooth rather than its dimensions; hence, radiographs
were obtained by bisecting angle technique.
The soft copies of radiographs were then assessed,

interpreted, and accordingly staged to obtain the dental
age, using Nolla’s method (Fig. 1). The stages recorded
by guide, co-guide, and primary investigator were com-
pared and the process continued till high level accuracy
and confidence level were reached. Fleiss’ kappa was fur-
ther used to evaluate the intra and inter-investigator
agreement between investigators. The mean of appropri-
ate stage observed by each investigator was obtained and
used to evaluate the dental age of tooth using the table
given by Nolla (Nolla 1960). Dental age obtained was
then compared with the pre-recorded chronological age.
Difference was then statistically evaluated for the re-
spective group for determining the validity and accuracy
of Nolla’s method.

Reasons of using mandibular second molar as the tooth
of choice for assessment
The reasons for considering permanent mandibular sec-
ond molar for this study were:

Table 1 Age and gender distribution of the subjects included in the study

Group Age group
(months)

Female Male Total no. of subjects (n)

Group I 120–131 58 180 238 (26.4%)

Group II 132–143 69 26 95 (10.6%)

Group III 144–155 70 56 126 (14%)

Group IV 156–167 109 27 136 (15.1%)

Group V 168–179 39 59 98 (10.9%)

Group VI 180–192 97 110 207 (12.2%)

Total 120–192 442 (49.1%) 458 (50.9%) 900
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a) Firstly, active growth of most children extends up
to the age of 16 to 17 years which coincides with
the apex closure of the chosen tooth while the apex
of maxillary and mandibular canines ordinarily
close by 13 years of age (Saloom 2011).

b) Secondly, the third molars are the most commonly
missing teeth in the human dentition, making them
unreliable for age assessment.

c) Thirdly, maxillary second molar was rejected as
roots of maxillary molar overlap with anatomic
structures making it difficult to observe the roots
with accuracy.

Statistical analysis
All data was entered in the excel sheet and was analysed
using the SPSS version 20 software. A descriptive ana-
lysis was made expressing the results as percentages and
frequencies. Statistical significance was considered for p
value > 0.001 in all cases. Paired t test was used to com-
pare the variables at different time intervals. To assess
the intra-investigator agreement and inter-investigator
agreement, Fleiss’ kappa was used.

Result
The mean dental age of all children was compared to
mean chronological age, and the difference was analysed.
The mean dental age was found to be significantly under-
estimated by (1.8 ± 5.5) months (p value > 0.001). In
group-wise evaluation, a significant underestimation of
age was observed in group I and group II, while in group
III, it was reduced to 0.5months which was statistically in-
significant. Underestimation was overcome in group IV
which, however, was statistically insignificant (p value >
0.001). Likewise, underestimation was statistically insig-
nificant in group V, but in group VI, the overestimation of

age was observed, and the assessed dental age exceeded
chronological age significantly (p value > 0.001). There-
fore, a significant reversal of the trend in the age groups
was observed (Table 2 and Fig. 2).
The male and female populations were found to be sig-

nificantly underestimated by 2.5 ± 4.2 and 1.1 ± 6.4
months, respectively (p value > 0.001). Both sexes followed
a similar trend; however, in group V, overestimation of
age was seen in boys by 0.06months (Table 2).
In absolute numbers, it was observed that 50 children

were found to be of exactly the same dental and chrono-
logical age. Underestimation was seen in 514 children
while 336 children showed overestimation. The number
of underestimated and overestimated children showing
difference of less than 6 months were 363 (70.6%) and
291 (83.6%), respectively (Table 3).
Furthermore, a pattern of underestimation was ob-

served in total sample (5.41 months) in females (4.31
months) and in males (6.31 months). Similarly, pattern
of overestimation was observed in total sample (3.51
months), in females (2.98 months) and in males (4.13
months) (Table 4 and Fig. 3).
It was observed that 40 children, who were exactly 16

years of age and were radiographed in their birth month
incidentally, were further analysed. Among them, 94.4%
females and 90.9% males were observed to have com-
pleted tooth maturation by 16 years of age. It may be
concluded that by the age of 16 years, nearly all girls and
boys had completed the root development of the re-
spective tooth.
The mean Fleiss’ kappa value for intra-investigator

agreement was 0.84 interpreted to be almost perfect (>
0.80). While Fleiss’ kappa value for inter-investigator
agreement was 0.78, it was interpreted to have substan-
tial agreement (< 0.80).

Fig. 1 Nolla’s method of staging *only relevant stages were included
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The collected data helped us add sub-stages to Nolla’s
tooth stages for a more objective radiographic interpret-
ation. However, these findings could not be standardised
due to the smaller sample size (Fig. 4).

Discussion
The degree of maturation of different tissue systems
helps determine the physiological age of a person. Tooth
development shows less variability than other develop-
mental features and also low variability in relation to
chronological age (Demirjian et al. 1973). Radiographs of

the dentition can be used to determine the stage of den-
tal development of the teeth from initial mineralization
of a tooth, crown formation, to root apex maturation.
Nolla’s method is based on radiographic assessment and

regarded as one of the most commonly used and easy to
apply dental age estimation method. The advantage of
using intraoral periapical radiograph (radiovisiograph) in
Nolla’s method lies in its familiarity, accessibility, reprodu-
cibility, and ease of communication for dental surgeons.
The tools incorporated in the software of radiovisiographs
further increase the value of interpretation.

Table 2 Age-wise comparison of the mean dental age (using Nolla’s method) and mean chronological age in all the six age groups
to understand the trend of growth in boys compared to girls as well as to the entire group

All subjects Female subjects Male subjects

Group No. of
subjects
(n)

DA
(months)
mean±SD

CA
(months)
mean±SD

DA-CA
(months)
mean±SD

No. of
subjects
(n)

DA
(months)
mean±SD

CA
(months)
mean±SD

DA-CA
(months)
mean±SD

No. of
subjects
(n)

DA
(months)
mean±SD

CA
(months)
mean±SD

DA-CA
(months)
mean±SD

Group
I

238 115.9±7.7 122.9±3.3 − 6.9±5.5 58 117.9±7.1 123.7±3.7 − 5.9±4.5 180 115.3±7.9 122.6±3.1 − 7.4±5.9

Group
II

95 134.2±4.8 136.5±2.9 − 2.3±4.1 69 133.6±4.4 136.3±2.4 − 2.7±4.2 26 135.9±5.6 137.1±3.9 − 1.3±3.6

Group
III

126 148.8±5.1 149.4±3.7 − 0.6±3.3 70 149.0±5.5 149.7±3.7 − 0.7±3.4 56 148.7±4.6 149.1±3.7 − 0.4±3.3

Group
IV

136 162.5±5.6 162.3±3.7 0.2±3.7 109 162.7±5.7 162.6±3.7 0.2±3.6 27 161.7±5.4 161.3±3.4 0.4±4.0

Group
V

98 172.5±5.8 173.1±3.6 − 0.6±3.7 39 169.2±5.4 170.9±2.6 − 1.7±4.0 59 174.7±4.6 174.6±3.4 0.1±3.6

Group
VI

207 189.9±6.7 188.1±3.9 1.8±4.1 97 190.9±2.9 189.5±2.4 1.4±2.4 110 189.1±8.8 186.9±4.5 2.2±5.3

Total 900 152.7±
28.5

154.4±
24.9

− 1.8±5.5 442 156.9±
24.4

157.9±
22.1

− 1.1±4.2 458 148.6±
31.5

151.1±
27.0

− 2.5±6.4

Fig. 2 Graph showing age-wise comparison of the differences of the mean dental age (using Nolla’s method) and mean chronological age in all
the subjects in our study
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In literature, several studies have been performed pre-
viously using Nolla’s method of age estimation to assess
dental age in their specific population or region in
Bangladesh, England (Maber et al. 2006), Brazil (Kurita
et al. 2007), Turkey (Kırzıoğlu and Ceyhan, 2012),
Malaysia (Kumaresan et al. 2016), and East Turkey
(Miloglu et al. 2011).
In most of the studies, it was found that Nolla’s

method of age estimation had better accuracy (Rai 2008;
Kumaresan et al. 2016; Mohammed et al. 2015) while
contrary results were seen in few studies (Maber et al.
2006) as well. In a study conducted in the North Indian
population, high correlation was found between skeletal
age (assessed from middle phalanx of the third finger
and hand-wrist radiographs) and dental age (assessed
from Nolla’s method) in both sexes in 12–14 years age
group (Bala et al. 2010). Conversely, in another study, it
was observed that Demirjian’s method was better when
compared to Nolla’s method in North the Indian popu-
lation because of its applicability to all the age groups as
Nolla’s method had limited utility in the younger age
group only (Sinha et al., 2014).

In the present study, it was observed that the age of
the subjects was significantly underestimated by (1.8 ±
5.5) months (p value >0.001). Since the difference was of
only 1.8 months clinically, it may be safely concluded
that age estimation using Nolla’s method seemed to be
precise. In most of the studies (Kurita et al. 2007; Milo-
glu et al. 2011; Kırzıoğlu and Ceyhan, 2012), dental age
was lagging behind chronological age supporting our
findings while in few studies (Kumaresan et al. 2016;
Mohammed et al. 2015), dental age was found ahead of
the chronological age.
On comparing between the two sexes, it was observed

that dental age of the subjects significantly lagged behind
the chronological age by (1.1 ± 6.4) months in females
and (2.5 ± 4.2) months in males (p value > 0.001) (Table
2) supported by various studies (Kurita et al. 2007). Al-
ternatively, few studies (Kumaresan et al. 2016; Moham-
med et al. 2015) have shown advanced dental age.
Moreover, it was seen that Nolla’s method was more

precise for females than males in our study while con-
trary results was found by Kirzioglu and Ceyhan (Kırzıo-
ğlu and Ceyhan, 2012). Nolla’s findings (Nolla 1960)

Table 3 Incremental pattern to understand the pattern of underestimation and overestimation in development amongst our
subjects

Period of variation in dental age and
chronological age

No. of subjects in whom underestimation of age
was observed (n)

No. of subjects in whom underestimation of age
was observed (n)

< 3 months 136 (15.11%) 172 (19.11%)

3–6 months 227 (25.22%) 119 (13.22%)

6–8 months 51 (5.6%) 35 (3.9%)

> 8 months 100 (11.1%) 10 (1.1%)

Total 514 (57.1%) 336 (37.3%)

PS: does not include 50 subjects having exact chronological age and dental age

Fig. 3 Graph depicting mean underestimation and overestimation amongst our subjects (in months)
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were likewise reflected in our study that revealed that fe-
males achieved dental development earlier than males.
In our study, in subjects from the age of 120 to 155

months, underestimation of age was observed with max-
imum underestimation in group I, i.e., 6.98 months. The
underestimation was also evident in group II and group
III which was overcome in group IV. In group V, the
underestimation was evident but not statistically signifi-
cant while in group VI, the overestimation of age was
observed which was statistically significant (p value >
0.001) (Table 2).
Nonetheless, underestimation was observed in all the

groups in certain studies (Kurita et al. 2007; Miloglu
et al. 2011). Mohammed et al. conducted similar studies
in South Indian population and found results contrary

to our study owing to different ethnicities of their study
sample (Mohammed et al. 2015).
While comparing variation in chronological age and

estimated dental age in both female and male subjects, it
was found that subjects with variation 0–6 months were
358 and 346 in number, respectively. Thus, 704 out of
900 subjects (78.22%) exhibited this variation within 6
months (Table 3). In a study performed by Sinha et al.,
181 subjects out of 300 subjects, i.e., 60.3% subjects were
showing variation with more than 6 months (Sinha et al.
2014).
The mean underestimation and overestimation

amongst all the subjects were found to be 5.41 months
and 3.51 months, respectively. These values for boys
were 6.31 months and 4.31 months and for girls were

Fig. 4 Proposed substages for Nolla’s staging method drawn out from the study on North Indian population\
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4.31 months and 2.98 months, respectively (Table 4 and
Graph 2). This implies that observed dental age of girls
remained closer to Nolla’s age estimation than boys.

Conclusion
Nolla’s method of age estimation is a reliable method in
10-16 years old children of North Indian origin. It un-
derestimates the chronological age in total sample popu-
lation and also when evaluated in relation to sex.
Underestimation of age in North Indian origin children
was observed in initial years when compared to Nolla’s
norms but it gradually accelerated and consequently sur-
passed the chronological age. Permanent mandibular
second molar was found to be a reliable tooth for dental
age estimation. More females were found to have com-
pleted tooth maturation by 16 years of age.
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