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Introduction
Nolla’s method (NM) of age estimation is 
widely used in various regions of the world 
for the estimation of dental age (DA) and to 
achieve the chronological age (CA) from the 
DA.[1,2] Age determination is carried out for 
different reasons such as in cases of crime, 
marriage, employment, and identifying 
victims in disasters, whereas no records 
about birth date are present.[1‑4] Radiographs 
have an essential role in age estimation.[4‑7] 
Numerous methods have been used to assess 
the DA from radiographs, which have been 
utilised from the degree of mineralisation of 
permanent teeth. DA estimation is mainly 
completed by methods including general 
physical examination, intraoral examination, 
and panoramic radiograph.[5‑7] The teeth 
are non‑destructible and have the tiniest 
amount of turnover of their structure; 
hence, they can provide an important clue 
for the identification of people in forensic 
odontology.[4] Nolla started to determine 
DA assessment using the radiological 
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Abstract
Context: Radiographs have an essential role in Chronological Age (CA) estimation and are being 
used for dental age (DA) determination. Aims: Detecting the validity of Nolla’s method (NM) for 
the age assessment of Kurdish Iraqi children (KIC). Methods and Material: A retrospective study 
was performed using orthopantomographs (OPGs) of 354 subjects aged from 4 to 13 years (178 
boys and 176 girls) and their recording files. Subjects were divided into nine study groups: 4, 5, 
6, 7, 8, 9, 10, 11, 12, and 13 years old. The chronological age (CA) was subtracted from the DA 
to find the validity of NM; the positive results indicated the overestimation of age, whereas the 
negative results indicated for underestimation. The data were recorded through a digitalised system 
using Microsoft Excel worksheet and analysed by Statistical Package for the Social Sciences (SPSS, 
version 25) programme using the dependent T‑test and graphical analysis. The level of P value used 
in this study was set at < 0.05. Results: The DA is underestimated in ages 9 to 13 in boys and 
girls. The highest difference in DA–CA was at the age of 9 years (−0.146 ± 0.162). Conclusions: 
NM for age estimation was slightly overestimated in age groups of 4, 5, 6, 7, and 8 years in boys 
and girls without statistically significant differences. However, this method underestimated the ages 
of KIC ranging from 9 to 13 years significantly.
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appearances of maxillary and mandibular 
teeth.[1‑3] This study needed to estimate the 
DA of KIC in forensic dentistry. The aim 
of the study was to detect the validity of 
NM for the age assessment among KIC. 
The study hypothesised that NM could be 
effective among all age groups.

Subjects and Methods:
Method

The samples were collected through 
previously recorded panoramic radiographs 
of subjects who visited the radiology, 
diagnosis, and paedodontic departments 
at Tishk International University, Faculty 
of Dentistry. OPGs of children with the 
age ranging from four to 13 years, who 
had recording files in the Pedodontics 
Department, were selected in the present 
study. The ethical committee clearance 
reference number was (decree no. 6 on 
26.10.2021).

A retrospective study was performed on 
panoramic radiographs of 1250 OPGs of 
subjects aged between four to 13 years. 
The age groups were studied by evaluating 
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radiographs and the recording files of the same children. 
The children included in the study were only Kurdish 
individuals who had complete recordings. Foreign 
nationalities other than Kurdish Iraqi were excluded 
from the study. Children with diseases that can affect 
the development of teeth such as ectodermal dysplasia, 
vitamin D or calcium deficiencies, and hormonal diseases 
were also excluded. Unclear OPGs or individuals showing 
congenitally missing teeth were excluded from the study.

The sample of this study, after considering the selection 
criteria, consisted of 354 OPGs of healthy Kurdish 
children (178 boys and 176 girls) aged between four to 
13 years. Samples were divided into nine study groups.

The CA of each child was calculated by subtracting the 
date of birth from the date of the radiographic examination 
and used to compare the calculated DA according to NM. 
The stage of dental calcification from the radiograph was 
estimated for each tooth in the left lower teeth for each 
child according to NM of DA estimation. To find the 
accurate dental age of each subject, the DA compared with 
his or her CA. The CA is subtracted from the DA; if the 
result was positive, it indicated for overestimation of age, 
whereas negative results indicated underestimation.

Then, the total sum was compared with the table described 
by Nolla for boys and girls to find the DA. Figure 1 
shows the stages of calcification calculated for seven 
lower teeth, and then the summation of the scores was 
made. The results were compared to Nolla’s table of girls 
without wisdom teeth and DA was obtained. The data were 
recorded using a digitalised system using Microsoft Excel 
worksheet and analysed by the Statistical Package for the 
Social Sciences (SPSS, version 25) programme using the 
dependent T‑test and graphical analysis. The P value used 
in this study was set at <0.05.

Figure 1 shows the scoring of DA according to NM.

Results
Table 1 shows the distribution of samples according to age 
and gender. Total samples were evaluated and included 
354 OPGs of children aged between 4 and 13 years. The 
samples were 178 boys and 176 girls (50.3% and 49.7%, 
respectively).

Table 2 and Figure 2 demonstrate the differences among 
boys between the CA and DA according to NM. The 
difference between DA and CA in age groups 4, 5, 
6, 7 and 8 years was non‑significant (0.04 ± 0.2302, 
−0.007692 ± 0.1188, −0.003226 ± 0.1378, 
0.01875 ± 0.2420 and 0.003448 ± 0.2129, respectively). 
The difference between DA and CA was highly significant 
in age groups 10, 12, and 13 years (−0.4091 ± 0.3048, 
−0.5667 ± 0.3327 and − 0.2700 ± 0.2058, respectively).

Figure 1 illustrates the relation between chronological ages 
and DAs determined by NM for boys. From the graph, 
it can be seen that CA and DA lines increased together 
steadily in ages 4, 5, 6, 7, and 8 years. Starting from the 
9 years, the line of CA is more advanced than the DA line 
in ages nine, ten, eleven, twelve, and thirteen.

Table 3 demonstrates the differences in girls between 
the CA and DA according to NM. The difference 
between DA and CA in age groups 4, 5, 6, 7 and 8 years 
was non‑significant (0.040 ± 0.260, 0.020 ± 0.174, 
0.029 ± 0.141, 0.028 ± 0.225 and 0.081 ± 0.166, 
respectively). However, the difference between DA and CA 
was significant in age groups. The DA in ages between 9 
and 13 years were underestimated in girls.

Figure 2 illustrates the relation between CA and DA 
determined by NM for girls. It can be noticed that both CA 
and DA increase together steadily and in the same line for 
ages 4, 5, 6, 6, 7 and 9 nine years. However, the line of CA 
increases more than the DA in ages 9, 10, 11, 12 and 13.

Discussion
The establishment of DA is one of the dependable indicators 
of CA and is mostly used in forensic and legal dentistry.[8] The 
maturity of dentition provides predictable information about 
proper treatment planning, especially in paediatric dentistry 
and orthodontics.[9] Nolla[10] reported that the DA value of 
one side represents the development in both the maxilla and 
mandible, besides reporting that the DA or development age 
representing the physiologic age and knowing the DA of a 
child is extremely important for the orthodontist because the 
orthodontist needs the physiologic age to decide when the 
treatment should be started.

1 2 3 4 5 6 7 8 9 10

Mean CA 4.454 5.54 6.3 7.33 8.44 9.34 10.5 11.48 12.37 13.39

Mean DA 4.58 5.56 6.32 7.36 8.52 9.19 10.04 11.1 12.02 13.3
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Figure 2: Relation between chronological ages and dental ages determined 
by NM for girls

1 2 3 4 5 6 7 8 9 10

Mean CA 4.14 5.37 6.53 7.34 8.29 9.4 10.78 11.7 12.76 13.58

Mean DA 4.18 5.36 6.51 7.36 8.3 9.27 10.08 11.25 12.2 13.31
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Figure 1: NM to determine the relation between chronological ages and 
dental ages for boys
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Several methods had been used to determine the DA in 
many populations.[8,11,12] NM consists of ten stages of 
tooth calcification.[8] Many researchers[6,13,14] ordinarily 
use it over Demirjian’s method[11] because NM had two 
extra stages of calcification.[14] NM had more accurate 
results for age assessment than other methods as reported 
by many researchers.[6,13,14] Therefore, researchers in this 
study selected NM to implement it in forensic dentistry 
for the age determination of children in the Kurdish Iraqi 
population.

It has been reported in many research studies that the DA 
in children is different between geographic areas in the 
same country.[14,15] The Kurdistan region has a different 
geographic land and weather than other parts of Iraq; 
therefore, the study opted for the Kurdish children. In 
Turkey, studies have been conducted to assess the validity 
of NM for age estimation in the western, northeastern, 
and eastern parts of Turkey;[5,6,14] the results were different 
between the three regions.

In this study, the results showed an underestimation of the 
ages of children aged from 9, 10, 11, 12, and 13 years old 
for both boys and girls with highly significant differences. 
Jia et al.[16] reported that NM underestimated the age of 
girls and boys of all ages in the Turkish population. In 
the Spanish population, Bolanos et al.[8] stated that tooth 
numbers 21, 46 and 43 for boys and 21, 47 and 46 for 
girls under ten years of age could evaluate the DA by NM. 
Altunsoy[14] concluded that NM was suitable for western 
Turkish in determining the age of the children except in 
boys aged 10, 11 and 12 and girls aged 7, 8, 9, 10 and 
11 years. Miloglu et al.[5] found that this method had 
underestimated DA for eastern Turkish children, whereas 
Nur[6] found that NM underestimated the DA of children in 
northeastern Turkey. In this study, NM underestimated the 
DA of Kurdish children of different ages including 9, 10, 
11, 12 and 13 in girls. For boys, NM underestimated the 
age of children of 9, 10, 11, 12 and 13 years. There was 
an overestimation for ages 4, 5, 6, 7 and 8 years in both 
boys and girls; however, there was no significant difference 
between the CA and DA in these age groups.

According to the current study and within the limitations 
of the study, NM is valid to use for age determination in 
the Kurdish Iraqi population aged 4, 5, 6, 7 and 8 years, 
and it is not valid for age estimation for 9, 10, 11, 12 
and 13 years in both boys and girls. Therefore, the study 
hypothesis is partially accepted.
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