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ABSTRACT
Objectives
The aim of the study is to assess the relation of Demirjian’s and Nolla’s dental age de-
termination methods with chronological age and bone age in Turkish children aged bet-
ween 10-15 years. 

Material and Methods
In the retrospective study, 717 children were included, their chronological age and bone 
age in accordance with Greulich-Pyle Atlas by evaluating left hand wrist radiograms, 
dental age in accordance with Demirjian’s and Nolla’s methods by using panoramic 
radiograms were analyzed. Statistical analyses were performed using SPSS version 23.0 
for Windows (SPSS Inc., Chicago, Illinois, USA).

Results 
The bone age and the dental ages calculated according to Demirjian’s and Nolla’s met-
hods was found higher than the chronological age by +0.29 year, +0.77 year and +0.23 
year, respectively. The closest result to chronological age came from Nolla’s method. 

Conclusion
In contrast to the previous studies in the South Turkish population, Demirjian method 
was found to give incompatible results. In this study, it was shown that Nolla method is 
more reliable in determining dental age for this population. 
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ÖZ
Amaç 
Çalışmanın amacı, 10-15 yaş aralığındaki Türk çocukların-
da Demirjian ve Nolla'nın diş yaşı belirleme yöntemlerinin 
kronolojik yaş ve kemik yaşı ile ilişkisini değerlendirmektir.

Gereç ve Yöntemler
Retrospektif çalışmaya 717 çocuk dahil edildi, sol el bilek 
radyogramları değerlendirilerek Greulich-Pyle Atlas'a göre 
kronolojik yaşları ve kemik yaşları, panoramik radyogram-
lar kullanılarak Demirjian ve Nolla'nın yöntemlerine göre 
diş yaşları analiz edildi. İstatistiksel analizler Windows için 
SPSS sürüm 23.0 (SPSS Inc., Chicago, Illinois, ABD) kul-
lanılarak yapıldı.

Bulgular
Demirjian ve Nolla'nın yöntemlerine göre hesaplanan ke-
mik yaşı ve diş yaşları, kronolojik yaştan sırasıyla +0,29 yıl, 
+0,77 yıl ve +0,23 yıl yüksek bulundu. Kronolojik yaşa en 
yakın sonuç Nolla'nın yönteminde geldi.

Sonuç
Güney Türk popülasyonunda yapılan önceki çalışmaların ak-
sine, Demirjian yönteminin uyumsuz sonuçlar verdiği bulun-
du. Bu çalışmada, Nolla yönteminin bu popülasyon için diş 
yaşını belirlemede daha güvenilir olduğu gösterildi. 

Anahtar Sözcükler
Demirjian yöntemi, Diş yaşı, Kemik yaşı, Kronolojik yaş 
Nolla yöntemi

INTRODUCTION
Chronological age (CA) refers to the real, unalterable age of 
an individual. Age determination plays a key role in clinical 
dentistry. Morphological, histological and radiological age 
determination methods are available, but radiological meth-
ods are frequently used. Radiologically, a number of methods 
are used to detect bone age (BA) (1,2) and dental age (DA) 
(3,4). These methods combined with CA show differences in 
different ethnic groups because of varying genetic features, 
dietary habits, socioeconomic development levels of individ-
uals and countries and climate.

BA is determined in living individuals using methods such as 
fusion of the diaphysis to the epiphysis of bones and fusion 
of the skull sutures, pubic symphysis and costal cartilage os-
sification and evaluation of cervical vertebrae. BA is assessed 
using Greulich-Pyle (1) and Tanner-Whitehouse (2) atlas in 
individuals younger than 22 ages. In various identification 
studies, teeth were often used to determine age, and several 
methods are available to detect DA (3-6).

In age determination, the teeth are evaluated in two major 
periods as primary dentition and permanent dentition. When 
DA is determined, the developmental stages and calcifica-
tion grades of the dental tissues are considered. Assessment 
of dental calcification is often more useful and effective than 
evaluation of time of riding.

A study by Demirjian et al. (3) in 1973, which were updat-
ed in 1976, evaluated dental tissuesusing eight stages with a 
scoring system ranging from A to H for seven teeth on the 
left mandibular side and eight stages of development, four of 
which were root development stages. The Demirjian method 
(DM) is a common method that is easy to use, and many 
studies have been conducted in different countries using this 
method (7-11).

In 1960 Nolla’s developmental tables were used to predict 
the CA of boys and girls based on the standarts of dental de-
velopment. The development of each tooth was examined 
through 10 stages. In addition, maxillary and mandibular 
permanent teeth were evaluated using radiograms by analys-
ing and assigning a suitable number for each tooth. Using 
the tables created separately for girls and boys, the age of 
the person was estimated by finding the age in relation to the 
total score of the seven teeth in the lower left half-tree (4). 

The Nolla method (NM) is a commonly used method, sim-
ilar to Demirjian, and it has been used in a large number of 
studies in different patient groups (12-16). The DM and NM 
have been used together in different countries to evaluate CA 
and DA (11,15,16). 

The present study aimed to determine the age of teeth of chil-
dren from a Southern Turkish population using the DM and 
NM, as well as evaluate their suitability by analysing their 
relation to CA and BA.
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MATERIAL and METHODS
Subjects
This study was planned retrospectively and using panoramic 
radiographs from 717 south Turkish children (383 girls and 
334 boys aged between 10-15 years). Panoramic images 
were collected from children who applied to Akdeniz Uni-
versity Faculty of Dentistry between 2014-2016. This study 
was approved by the Ethics Committee for Clinical Research 
at Akdeniz University Faculty of Medicine (decision no: 594, 
date: 16.11.2016).

Inclusion criterias of study were presence of all mandibular 
teeth, good radiographic quality and no previous orthodontic 
treatment. Exclusion criteria were hypodontia, malnutrition, 
supernumerary tooth, malignant disease, systemic and bone 
mineral disease, skeletal malocclusions, extraction, conge- 
nital anomalies and agenesis of permanent teeth from the left 
mandibula.

Collection of radiographs
All hand wrist and panoramic radiographs of all children 
were obtained by the same person as the patient’s radiation 
dose with PLANMECA, (OY 00880 Helsinki, Finland) de-
vice. PRs were taken by giving in the patients standing with 
the cervical vertebrae in the vertical position as much as pos-
sible and PRs were exposed with 64-66 kVp and 8-10 mA, 
for 0.8-4 s depending on children size.

The radiographic views were captured with the image plate 
system, Fujifilm FCR. Fuji IP cassette type cc, size 15 × 30, 
Fuji Photofilm Co., LTD, Japan, was used for scanning. All 
views were evaluated using the CDR®DICOM 3.5 (Schick, 
USA), software, in dim light environment.

Evaluation of dental maturity and estimation of 
DA, BA and CA
Chronological age was determined by calculating the differ-
ence between the date of birth and the date the panoramic 
radiograph was taken.

BA was determined using the Greulich Pyle methods (1). 
The maturation stage of all the bones in the left hand-wrist 
region was evaluated separately. The BA of each child was 
determined by comparison with the sample graphs of Greu-
lich Pyle atlas.

DA was calculated by Demirjian (3) and Nolla methods (4).  

Demirjian’s method
Teeth development can be categorised into eight stages: four 
stages involved root development and the other four stages 
involved calcification. In this method, seven teeth on the 
mandibular left side evaluated through eight stages with a 
scoring system from A to H. The letter corresponding to the 
degree of calcification in the radiogram of the person was de-
termined and the scores corresponding to each letter in the ta-
bles were determined and added individually. Subsequently, 

the dental age corresponding to the scores previously found 
in the tables given for boys and girls was determined. The 
sum of all scores indicates the individual’s dental formation 
score.
Nolla’s method
The permanent maxillar and mandibular teeth, excluding 
the third molar teeth, were analysed by evaluating the ra-
diographs and giving a suitable number to each tooth. Each 
permanent left mandibular tooth was detected and defined 
a number between 1 and 10 (1: No sign of calcification, 10: 
Apical end closed). The development process of each tooth 
could be divided into 10 stages, and the teeth on the radio-
graphs are matched to the images in the development table 
by Nolla.

DA, BA and CA of the children were calculated by the same 
researcher (S.G.Y) to elimine interobserver fault. BA and DA 
were calculated without knowing the CA of the individual, 
and the findings were prevented from affecting each other.

Statistical analyses
SPSS version 23.0 for Windows (SPSS Inc., Chicago, Illi-
nois, USA) was used for Statistical analyses. The assump-
tion of normality was determined by the Shapiro Wilk Test. 
The difference of CA between different genders was tested 
by independent sample t-test. The data are represented as 
mean±standard deviation (SD). The Mann–Whitney U test 
was used for the evaluation of categorical variables. The 
relationships between continuous variables were evaluated 
using Spearman’s rho correlation analysis. Friedman’s Test 
/ Two Way Analysis of Variance by Ranks were statistical-
ly analysedfor females and malesand the Dunn–Bonferroni 
posthoc adjustment for multiple comparisons. Kappa statistic 
was used to detect intraobserver reliability (Kappa statistics 
were 0.94). 

RESULTS
A total of 717 panoramic and hand-wrist radiographs were 
examined. The distribution of the 717 children (334 boys, 
383 girls) by gender and age group was shown in Table1.

Table1. The distribution of the subjects by gender and age

The differences between the mean CA, BA and calculated 
DA using the DM and NM for different age groups (10-15 
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years) and whole group for females and males are in Table 
2. The BA and DA of both gender were higher than the CA. 
The mean age ± SD for CA, BA, DM and NM for the entire 
study group are summarised in Table 2.

In this table where the differences between the gender are 
shown; when only 13-13.99 age group individuals and total 

girls and total males were compared within the mean CA val-
ues age groups average age of males was statistically larger 
(p= 0.044; 0.011). The average BA values are analyzed; ev-
cluding the total boys and girls and the age group 11-11.99, 
difference between the genders was statistically meaning-
ful, (respectively=0.007, <0.001, 0.001, <0.001), in the age 
groups 10-10.99 (B>G), 12-12.99 (G>B), 13-13.99 (G>B) 

Table 2. The differences between the mean chronologic age, bone age and estimated dental age using the Demirjian and 
Nolla method for different age groups for females and males (The Mann–Whitney U test) 
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and 14-14.99 (G>B) (respectively p=0.007, 
<0.001, 0.001, <0.001). When the mean val-
ues of DM are reviewed; the girls' were statis-
tically higher than the boys' just in the group 
of 12-12.99 age. In the mean NM age distri-
bution, the boys' average age was statistically 
higher than the girls' only in the group of 10-
10.99 age and all girls-all boys (Table 2).

All age estimatation methods were checked 
to each other by Peer Difference Test for both 
gender and particularly in the all age groups 
including total girls and total boys and the dif-
ferences and the similarities are shown in the 
Table 3.Considering the age groups, CA-BA 
and CA-NM were similar in girls in the group 
of 10-10.99 age, the differences between them 
were statistically insignificant. However, DM 
was statistically different from other age de-
termination methods (DM>CA,BA,NM). In 
the age group 11-11.9, DM was higher than 
BA, CA and NM. BA was higher than CA. CA 
and BM was statistically similar. In the group 
of 12-12.99 age the findings are DM>NM, 
CA and BA>NM, CA while CA and NM was 
statistically similar. In the group of 13-13.99 
age, all the age determination methods were 
different from, bigger than CA (DM, NM, 
BA > CA). In the group of 14-14.99 age, BA 
was at a statistically meaningful level which 
is higher than DM, NM and CA. CA, DM and 
NM was statistically indifferent.

When it was examined in girls without differ-
entiating the age groups DM was statistically 
bigger than all other age determination meth-
ods (DM > BA, CA, NM and BA > CA, NM) 
(Table 3).

Considering the age groups, in the males in 
the group of 10-10.99 age the findings were 
as follows; NM,BA,CA<DM, and CA<BA, 
and CA<NM. BA and NM were statistically 
similar.  In the group of 11-11.99 age, DM 
was statistically bigger than CA and BA while 
CA and BA were statistically similar to each 
other (DM>CA,BA). In the group of 12-12.99 
age DM was statistically bigger than CA, and 
CA, BM and NM were statistically similar. In 
the group of 13-13.99 age DM was statistical-
ly different from CA and BA (DM>CA,BA), 
and CA, NM and BA were peer-like each oth-
er. In group of 14-14.99 age, statistically, DM 
was bigger than CA, BA, and NM. Still in this 
group, CA was higher than BA. NM and BA 
was statistically similar to each other.

Statistically, DM was observed higher than 
CA, BA and NM and also NM was higher 

Table 3. Friedman’s Test / Two Way Analysis of Variance by Ranks for females and males
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than BA in the examination among boys without any age 
range consideration. CA and BA were statistically similar 
(Table 3).

The CA, BA, Pearson coalescence (r) and p values be-
tween the dental age for DM and NM are presented in Ta-
ble 4-5 for the entire study group. The differences between 
genders, children were assessed by the Mann–Whitney U 
test for each method (NM, DM, BA and CA).

 In the correlation analysis without considering age groups, 
there was a large correlation between CA and other age de-
termination methods and as in decreasing order: BA, DM 
and NM (r= 0.847; 0.707; 0.681) (Table 4).

Large correlations between CA and other age determination 
methods was found for all girls and boys as in decreasing 
order: BA, DM and NM (respectively, for girls r =0.866; 
0.694; 0.671, for boys r= 0.848; 0,725; 0.690) (Table 4).

Table 5 presents the correlation analysis in the girls and 
boys with the consideration of age groups. According 
to the table; in the girls in the goup of 10-10.99 age, the 
highest correlations with CA were in NM, BA and DM re-
spectively. In the girls the group of 11-11.99, the largest 
correlations with CA were in BA and DM respectively. In 
the girls the group of 12-12.99 age, the largest correlations 
with CA were in DM and NM respectively. In the girls the 
age group 13-13.99, the largest correlations with CA were 
in BA and DM respectively. In the girls the group of 14-
14.99 age the largest correlations with CA were in BA and 
DM. In the boys the group of 10-10.99 age, the largest cor-
relation with CA was in BA. In the boys the group of 11-
11.99 age, the largest correlation with CA was in NM. In 
the boys the group of 12-12.99 age, the largest correlations 
with CA were in BA, NM and DM respectively. In the boys 
the group of 13-13.99 age, the largest correlation with CA 
was in BA. In the boys the group of 14-14.99 age, the larg-
est correlations with CA were in BA and DM respectively.

DISCUSSION
Age determination is often necessary for medical, odon- 
tologic and forensic medicine aims. In this study, the re-
lationship among the DA, BA and CA was evaluated in 
Turkish children. Many methods that assess skeletal and 
dental development have been used for age determina-
tion, but inconsistent results within the same society and 
in different societies were obtained (Table 6). However, in 
previous studies, bone age and these 2 dental age determi-
nation methods were not compared together. In most of the 
previous studies, it was observed that bone age folding was 
performed more with Demirjian method (17,18).

Table 4. Results of the Pearson correlation coefficients performed for 
total group, total male and female samples according to the all age 
estimation methods

CA=Chronological age, BA=Bone age,DM=Demirjian method, NM=Nolla method, 
*:Pearson’s correlation coefficients
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Panoramic and hand wrist radiographs are com-
monly used to determine age and BA because they 
are easily accessible and allow the evaluation of all 
teeth and wrist bones (16,19). In this study, hand 
wrist radiographs was used for BA. 

To date, many methods have been developed to 
assess DA. The DM  (3) and NM (4) were used for 
tooth assessment in this study.

The method developed by Demirjian, which is 
based on the evaluation of the maturation stages 
of the seven left mandibular teeth, is a commonly 
used method (3) that is easy to practice, learn and 
apply and it includes a scale for girls and boys.

Studies on dental determination in other countries, 
such as Spain and Venezuela (20), Macedonia (7), 
India (8), China (9), Iran (21), Saudi Arabia (22) 
and Turkey (10) have been conducted. The disad-
vantage of this method, which was originally im-
proved for dental age determination of French Ca-
nadian children, is that it was developed and used 
in subsequent years in other versions (3). 

In the majority of these studies, the DM was great-
er than the predicted CA (9,17,23-25). Similarly, 
we found a difference between the DM and the 
CA in the total population, between boys and girls; 
0.77 years (P < 0.0005), 0.84 years (P < 0.0005) 
and 0.68 years (P < 0.0005), respectively. The 
difference between DM and CA is often linked to 
the fact that the DM was developed for Canadian 
French-born children, so it cannot be applied to 
other populations. Dental maturation is thought to 
be the reason for the difference between many fac-
tors such as ethnic, cultural and genetic differenc-
es; different socioeconomic development levels; 
different nutritional habits; geographical features; 
climatic characteristics; and when the study is 
done. Hormonal factors can influence the develop-
ment of different teeth between genders.

The NM is a practical, easy to use and convenient 
method for daily clinical use. The NM (4) has been 
used in studies conducted in different populations 
in Turkey (12), Brazil (26) and India (27). In this 
study, the entire population between the Nolla 
method and CA was estimated differences in the 
following order 0.33, 0.18 and 0.25, for total pop-
ulation, girls and boys. The NM predicted the CA 
more effectively than the DM. In Turkey the num-
ber of studies performed using the NM is limited 
(12,16,25,28).

In Turkey, studies have been carried out using the 
DM (10,16,19,24,27) and NM (12) alone and to-

Table 5. Results of the Pearson correlation coefficients per-
formed according to all age estimation methods for each age 
groups both male and female

CA=Chronological age, BA=Bone age, DM=Demirjian method, NM=Nolla method, *:Pearson’s 
correlation coefficients
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gether for tooth age determination (Table 6) (16). However, 
only the DM was conducted in our geographical and climatic 
region (10). Table 6 summarises the results of studies using the 
DM and NM in different countries. 

DA determined by the DM was found to be significantly larg-
er than that determined according to BA and the NM (P < 
0.0005). Although studies using both the DM and NM have 
been carried out in the same country and geographical region, 
significant differences were reported between these two meth-
ods in CA and BA in studies conducted at different age ranges 
and populations. The use of both methods in the same study 
population is an advantage of our study in terms of determin-
ing which method is more accurate.

Estimates of age were often made with different populations, 
age groups and varying DA determination methods (Demirji-
an or Nolla) in previous studies, thereby leading to confusion 
as to which method is correct. Özer et al. (29) compared the 
DM and NM with DA determination in our country and they 
reported that the DM determines DA closer to the CA. Mean-
while, Nur et al. (16) found that the NM is more accurate than 
the DM in determining the CA, similar to our study. Thomas et 
al. studied Spanish and Portuguese individuals, and they found 
that the NM is more accurate than the DM (15).

The difference between our studies and research evaluating the 
relationship to NM is that these two methods (DM and NM) 
should also be evaluated in relation to BA. Only an age differ-
ence of 0.04 was found in the entire study group between NM 
and BA. NM could identify BA as close to true.

CONCLUSION
The DM is unsuitable for estimating the CA of 10- to 15-year-
old girls and boys in a Turkish children population. The Nolla 
method is superior to the Demirjian method for the chrono-
logical and dental age of Turkish children between 10 and 15 
years. The BA and NM gave similar results among Turkish 
children aged 10–15 years.
In the light of the data obtained from this study, it was found 
that it is compatible with DA calculated with NM and can be 
used interchangeably in both girls and boys in determining the 
BA, which is especially important in the course of orthodontic 
treatments.

The presence of pubertal developmental attacks in the 10-15 
age range, which is the age group of children in this study, is 
also important for the determination of BA by NM. In this 
way, both bone age and tooth age can be determined on a sin-
gle radiogram, that is, panoramic images.

 In the light of these, it is recommended to use NM in de-
termining the age of teeth in Turkish population and use DA 
calculated with NM in BA detection.
 It is suggested that this argument be evaluated in a wider age 
range and in more radiographs.
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