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A B S T R A C T

Introduction: Assessment of children’s dental age is an important problem in pediatric dentistry, endocrinology, 
and orthodontics. Orthodontists, by comparing dental age with chronological age, can predict the schedule of treat
ment and choose the optimal treatment period. For pediatricians, is important to know dental maturity of children 
with certain diseases, whose treatment may be accelerated or postponed.  
Objectives: The objective of the study was to evaluate Cameriere’s method of dental age assessment technique 
as a biomarker of child’s individual development. 
Material and methods: The study included 108 children, aged between 6 and 13 years, in whom chronologi
cal age was compared with dental age assessed by Cameriere’s method. The determined age was compared with 
the chronological age of children. 
Results: It was found that the average chronological age among the surveyed boys (n = 65) was 9.97 ± 2.27 years, 
and the age estimated based on Cameriere’s method was 9.77 ± 2.24 years. Similarly, among the girls (n = 43), 
the mean chronological age was 10.05 ± 2.15 years, and the estimated age was 10.30 ± 2.17. Statistical analysis 
of correlation of the dental and calendar (chronological) ages revealed a certain percentage of children who did 
not fit into general average description and were beyond reliable data.
Conclusions: Determination of dental age as a marker of biological maturity, in some cases, may indicate a devia
tion from the average results. Such children need individual correction of standard treatment regimens, involving 
timing of treatment, degree of biological maturity, and body’s readiness for a medical intervention. 
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INTRODUCTION

Currently, social progress steadily depletes the bio
logical and functional human reserves. The  processes 
of adaptation are violated, and maladaptive behavior de
velops, which results in a pathology. One of the human 
adaptation indicators is the biological age (BA) [1]. 

BA is defined as the conformity of  individual mor
phological and functional levels to a  certain average 
norm of a population and reflects the rate of agerelated 
changes and adaptive capabilities of the organism [25]. 

BA should be considered to predict individual hu
man health. It allows assessing the  degree of  confor
mity of body’s biological condition to the calendar age 
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of a person and indicates the rate of development and 
biological aging that affect the functioning of basic life 
support systems and life expectancy. Discrepancies 
between calendar and biological ages allow assessing 
the intensity of maturation, aging, and functional capa
bilities of an individual [68]. 

Chronological or calendar age is defined as the pe
riod of  time between birth and research, expressed as 
the number of years, months, and days that have passed. 
The  biological age of  a  child is an  individual develop
ment pace of  a  specific child, which may not match 
his/her calendar age. Biological age is determined by 
morphometric, physiological, metabolic, and immu
nological characteristics that are close to the indicators 
of average age. The biological age of a child is based on 
the dominance of average biological age of individual’s 
tissues, organs, and body systems, with minor deviations 
determining the harmonious or disharmonious physical 
and neuropsychical development of the child. However, 
the developmental age is defined as the biological ma
turity of  an  organism and the  level of  child’s systemic 
development. The  age of  development includes mor
phological age, age of secondary sexual characters, bone 
(skeletal) age, and dental age [9, 10]. 

Dental age is one of  the  few indicators of  a  child’s 
developing physiology and, consequently, one of the im
portant factors for determining the biological age of a pa
tient. Dental age was firstly described in the 19th century 
and is still the object of research [11]. Its estimation is 
important for decisionmaking regarding diagnostic  
algorithms and treatment options in some fields of  
medicine, such as conservative dentistry, orthodontics, 
pediatrics, or endocrinology as well as for forensic med
icine purposes [1214]. Popular method for estimating 
a dental age is radiographic study of a child’s left wrist or 
mesial cartilage of the clavicle epiphysis [15, 16]. How
ever, these skeletal methods feature some drawbacks, 
given the variability in bone maturation affected by en
vironmental factors and lifetime Xray load in a child’s 
body. 

The method for determining the age based on calci
fication rate is more controlled by genes and is almost 
independent of environmental factors [1719]. 

The most common method for estimating the  age 
based on determining morphological parameters of teeth 
from Xray images of  children’s teeth was published in 
1973 by Demirjian et al. and subsequently modified by 
other authors [20]. In 2006, Cameriere presented another 
new technique, which was introduced as a survey of Ita
lian children. This method, which is based on measuring 
the open tops of permanent teeth of the left lower jaw, be
came the basis of this research [2126]. 

The Cameriere’s method based on the  detection of 
physiological changes (root calcification rate) in perma
nent teeth of  children using Xray was the  foundation 
of a similar research in Ukraine among children of a par
ticular region. 

OBJECTIVES 

The primary objective of  this research was to com
pare the  age of  children determined by the  Cameriere’s 
method with their chronological age to assess the statis
tical reliability and individual differences in the selected 
age group of children from a particular region of Ukraine. 
Additional aim of this study was to increase the efficiency 
of diagnostics and treatment of dental system pathologies 
in children during the period of change in occlusion by 
establishing dental age assessment technique based on 
the Cameriere’s method as a biomarker of child’s individ
ual development. 

MATERIAL AND METHODS 

This research examined orthopantomograms of chil
dren (boys and girls), aged between 6 and 13 years from 
Lvov and Lvov region, Ukraine, who were selected by cri
teria, such as age, gender, lack of agenesis or extraction 
of permanent teeth in the lower left quadrant, excluding 
the third molars. 

A questionnaire was developed to record children’s 
data, and a standardized format for entering the indica
tors from orthopantomograms (OPG) was established. 

Clinical examination of patients was conducted at Pe
diatric Dentistry Department of the Danylo Halytsky Na
tional Medical University of Lvov. The study was performed 
in compliance with the ethical principles for conducting 
medical research involving human subjects, approved by 
the Helsinki Declaration (order of Ministry of Health of 
Ukraine No. 690 from 23 September 2009) as well as the 
conclusion of the Commission on Ethics of Scientific Re
search, Experimental Development, and Academic Papers 
of the Danylo Halytsky National Medical University of Lvov, 
according to protocol No. 10, dated 16 December 2019. 

For the  first part of  research, orthopantomograms 
of 108 children, 613 years old were examined. The ortho
pantomograms were recorded during a period of mixed 
occlusion in children’s Xray examination, which were 
conducted due to various reasons (orthodontic, paradon
tologic, etc.). The exclusion criteria were incomplete den
tal history, previous orthodontic treatment, pronounced 
systemic diseases, and congenital anomalies as well  
as incomplete germs of permanent teeth, except for the  
3rd molars. The objective of first part of the research was to 
estimate the calendar age of a child and his/her dental age 
determined by the Cameriere’s method, using the formula 
of linear regression modified by the author in the process. 

To implement this phase, all patients were subdivid
ed into four groups according to age and sex (Table 1). 

Among the  studied patients, boys accounted for 
60.2% and girls for 39.8%. All children were divided into 
age groups, such as 67, 89, 1011, and 1213 years old, 
subject to the preservation of proportional and harmoni
ous distribution by both sex and age. 
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Orthopantomograms were used to study the  area 
of lower seven teeth on the left by the Cameriere’s method 
to determine the individual root coefficient of each per
manent tooth (A/L ratio) from the  lower left quadrant 
(teeth 31, 32, 33, 34, 35, 36, 37), where L is the  length 
of the tooth, and A is the width of open top of the tooth 
root, that is the  distance between the  extreme points 
of root walls on the open top (Figure 1). 

The calculation method was as follows. The  lower 
left segment, i.e., the teeth of lower jaw in the 3rd sector  
(31, 32, 33, 34, 35, 36, 37) were the focus of orthopan
tomogram analysis. Third molars and their germs were  

not considered in the research, regardless of their pres
ence or absence. A  conventional perpendicular line 
drawn from the extreme point of each crown of a per
manent tooth (or its germ) to the line connecting the ex
treme points of open top of  a permanent tooth (or its 
germ) root in the  lower left segment was measured. 
The length of this line was denoted as L. Next, the width 
of open root top of each tooth was measured, and this 
value was denoted as A. In case a  tooth with multiple 
roots, the width of open top of each root was measured, 
and the results were summarized. 

A and L values were specified according to the num
bering of each tooth. For example, the values of central 
incisor were denoted as L1 and A1, lateral incisor as L2 
and A2, etc. In multirooted teeth, when the open tops 
were measured, the value for each root top was marked 
with an additional serial number after denoting the or
der of  tooth in this segment, i.e. the  roots of  tooth 37 
were denoted as A7.1 (mesial root) and A7.2 (distal 
root). The value of A6 in this case was equal to the to
tal of A7.1 and A7.2 (A7 = A7.1 + A7.2). These values 
for the roots of second lower molar or other teeth with 
more than one root in a particular child was numbered 
similarly. Teeth with closed top were denoted as N0. 
The measurements are shown in Figure 2. 

To perform calculations using the  Cameriere’s  
method, it was required to determine the ratio of the size 
of open top of each tooth (A) to its length (L). This ratio 
was indicated as X and the serial number for each exam
ined tooth was Х1, Х2, Х3, etc. Accordingly, the formula to 
determine X value for the canine was as follows: Х3 = А3/L3,  
and for the second molar: Х7 = (А71 + А72)/L7. 

Therefore, having made the required measurements, 
we obtain the following calculations: 

Х1 = N0;
Х2 = A2/L2 = 0.35/3.8 = 0.092; 
Х3 = A3/L3 = 0.95/3.9 = 0.244; 
Х4 = A4/L4 = 0.8/3.1 = 0.258; 
Х5 = A5/L5 = 1.4/2.6 = 0.538; 
Х6 = N0; 
Х7 = A7/L7 = 1.0/2.7 = 0.37, 
where A7 = А71 + А72. 
There are many modifications of  the  Cameriere’s 

linear regression formula that have been developed by 
scien tists from different countries for individually se
lected populations of children. The need for modifica
tion was due to abnormalities of  children’s maxillofa
cial area structure as well as features of its formation in 
children residing in a certain region. That is, for almost 
every other region or country of  residence of  studied 
children, the formula was modified in the view of pecu
liarities typical for a region. Some scientists have intro
duced additional factors for each sex, in the presence or 
absence of premolars, number of examined girls or boys, 
etc. After a survey of children in Lvov and Lvov region, 
the Cameriere’s linear regression formula was amended 
and clarified as follows: 

TABLE 1. Age and sex distribution among the studied 
children 

Age groups Sex Total 
N (%) Males 

n (%) 
Females 

n (%) 

6-7 16 (14.8) 7 (6.5) 23 (21.3) 

8-9 18 (16.7) 16 (14.8) 34 (31.5) 

10-11 14 (13.0) 8 (7.4) 22 (20.4) 

12-13 17 (15.7) 12 (11.1) 29 (26.8) 

Total 65 (60.2) 43 (39.8) 108 (100) 

FIGURE 1. Orthopantomogram of a boy 9 years and 8 days 
old

FIGURE 2. Left mandibular segment 
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Dental age = 9.402 + 0.663 × N0 – 0.711 × s – 0.106 × 
× s × N0, 

where s is the sum of ratios of the tooth length and 
the  width of  open top of  the  root of  seven examined 
teeth on the  lower left part of  the  jaw, i.e., s = Х1 + Х2  
+ Х3 + Х4 + Х5 + Х6 + Х7. In this case, s will be as follows: 
s = 1.502. N0 is the number of teeth with the closed top 
of root of a permanent tooth in the lower left segment 
of a child under study. If there was no permanent tooth 
with a closed top in this segment, then N0 = 1 in the for
mula. If the A/L ratio < 0.8, then such a tooth shall be 
denoted as N0. 

The calculation of a child’s dental age according to his/
her orthopantomogram (Figures 1 and 2) using the linear 
regression modified for this region was as follows: 

Dental age = 9.402 + 0.663 × 2 – 0.711 × 1.502 – 0.106 
× 1.502 × 2 = 9.34, which means that in that calculation, 
the dental age determined by this method was 9 full and 
0.34 years. Next, the  number of  full months and days 
was calculated as follows: 0.34 × 12 (number of months 
in a calendar year) = 4.08, which means 4 full and 0.08 
months. In the  calculations, the  length of  month was 
assumed as 30 calendar days. Therefore, further calcu
lations were as follows: 0.08 × 30 = 2.4 days, rounded up 
to 2 days, according to the mathematical rules. 

Obtained result of dental age calculation according to 
the modified Cameriere’s linear regression formula for this 
child was 9 years, 4 months, and 2 days. Hence, the differ
ence from the chronological age was only 3 months and 
24 days. 

RESULTS 

In the analysis of results, it was found that the average 
chronological age among the boys under study (n = 65) 
was 9.97 ± 2.27 years, and by the Cameriere’s method, it 
was 9.51 ± 2.21 years. The estimation using Student’s ttest 
did not reveal a  significant difference between the  data 
(p = 0.61). Similarly, the average chronological age among 
the studied girls was 10.05 ± 2.15 years, and by the val
ue determined by the Cameriere’s method, it was 10.30 ± 
2.17 (p = 0.60). The analysis is presented in Table 2. 

Still, the  correlation analysis revealed a  statistically 

significant proportional relationship between chrono
logical age and age calculated by the  Cameriere’s me
thod both in the general group (r = 0.961, p < 0.0001) 
and among the boys (r = 0.967, p < 0.0001) and the girls 
(r = 0.965, p < 0.0001) (Table 3). 

Graphs presented in Figures 35 show a close distribu
tion of the obtained indicators to the central axis and a nar
row 95% confidence interval, which suggests a very strong 
correlation between the two methods of estimating age in 
both the general group and among the boys and girls. 

Further analysis among the boys under study showed 
that in all age categories, the  age values obtained by 
the two methods did not differ statistically (p > 0.05) (Ta
ble 4). In all age subgroups, direct medium strength or 
strong significant (p < 0.05) correlations between chrono

TABLE 2. Comparison of chronological age and dental age (by the Cameriere method) among the studied children 

Method n M ± σ Min Max t-value p-value 

Males 

Chronological age 65 9.97 ± 2.27 6.15 13.74 
0.51 0.61 

NS Dental age 65 9.77 ± 2.24 6.15 13.27 

Females 

Chronological age (years) 43 10.05 ± 2.15 6.10 13.56 
0.53 0.60 

NS Dental age (years) 43 10.30 ± 2.17 6.08 13.32 
NS – no significant 

TABLE 3. Intergroup correlation between chronological 
age and Cameriere’s age (dental age) among boys and girls 

Parameter Intergroup correlation value, r p-value 

General group 0.961 < 0.0001 

Males 0.967 < 0.0001 

Females 0.965 < 0.0001 
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FIGURE 3. Correlation between the chronological age 
and dental age (determined by the Cameriere’s method) 
in the study group (n = 108)
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FIGURE 4. Correlation between the chronological age 
and dental age (determined by the Cameriere’s method) 
among the boys under study (n = 65) 
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FIGURE 5. Correlation between the chronological age 
and dental age (determined by the Cameriere’s method) 
among the girls under study (n = 43) 

TABLE 4. Comparison of the chronological age and age determined by the Cameriere’s method (dental age) among 
the boys under study in different age groups (years) 

Age group n Chronological age, 
M ± σ 

Age by Cameriere’s method, 
M ± σ 

t-value p-value 

6-7 16 7.17 ± 0.56 7.28 ± 0.71 0.50 0.62 

8-9 18 8.85 ± 0.51 8.46 ± 0.73 1.86 0.07 

10-11 14 11.02 ± 0.59 10.71 ± 0.94 1.06 0.30 

12-13 17 12.92 ± 0.48 12.71 ± 0.61 1.14 0.26 

Total 65 9.97 ± 2.27 9.77 ± 2.24 0.51 0.61 

TABLE 5. Comparison of the chronological age and age determined by the Cameriere’s method (dental age) among 
the girls under study in different age groups (years) 

Age group n Chronological age, 
M ± σ 

Age by Cameriere’s method, 
M ± σ 

t-value p-value 

6-7 7 7.10 ± 0.64 7.31 ± 0.73 0.55 0.59 

8-9 16 8.83 ± 0.60 9.12 ± 0.70 1.25 0.22 

10-11 8 11.07 ± 0.65 11.65 ± 1.14 1.25 0.23 

12-13 12 12.74 ± 0.54 12.74 ± 0.80 0.00 1.00 

Total 43 10.05 ± 2.15 10.30 ± 2.17 0.53 0.60 

logical age and age determined by the Cameriere’s meth
od were found (Table 6). 

Similarly, the  analysis among the  girls under study 
revealed that in all age categories, the  age values ob
tained by the  two methods did not differ statistically 
(p > 0.05) (Table 5). Moreover, direct strong significant 
(p  <  0.05) correlations between chronological age and 
age determined by the Cameriere’s method were deter
mined in all age subgroups (Table 6). 

Power analysis was performed in all groups and sub
groups. A power level of 0.8 and more was obtained in 
all cases, considering a total sample size. 

The calculations were performed using RStudio  
v. 1.1.442 and R Commander v.2.44. Power analysis was 
performed using GPower 3.1. 

DISCUSSION 

After statistical processing of the data obtained by the 
Cameriere’s method, for most children (> 90%), the dental 
age was not statistically different from the chronological 
age, and there was a strong positive correlation between 
them. This suggests the possibility of using the Camerie
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re’s method to determine the dental age in pediatric den
tistry, forensic practice as well as in the  other branches 
of  medicine. The  Cameriere’s linear regression formula, 
modified in the course of this study, showed high accura
cy of the results obtained among the pediatric population 
from Galicia (Ukraine). 

Exploring the deliverables of statistical analysis cor
responding with a child’s dental age to his/her calendar 
age among 613 years old children, we revealed a certain 
percentage of  children in each age group who did not 
fit into the  overall average statistical description, and 
were beyond the valid data. For example, in the group 
of 89 years old boys, in 4 of 18 children, the difference 
between the estimated dental age and calendar age was 
more than a year, even though for the remaining boys in 
the group, this difference did not surpassed 12 months. 

TABLE 7. Comparative analysis of variations corresponding to dental age and calendar age among boys of different 
age groups 

Age group Total children, 
n 

Variations within 0-12 months Variations within 12-18 months 

n % n % 

6-7 16 16 100 0 0 

8-9 18 14 77.8 4 22.2 

10-11 14 11 78.6 3 21.4 

12-13 17 15 88.2 2 11.8 

Total 65 56 86.2 9 13.8 

TABLE 8. Comparative analysis of variations corresponding to dental age and calendar age among girls of different 
age groups 

Age group Total children, 
n 

Variations within 0-12 months Variations within 12-18 months 

n % n % 

6-7 7 7 100 0 0 

8-9 16 15 93.8 1 6.2 

10-11 8 8 100 0 0 

12-13 12 12 100 0 0 

Total 43 42 97.7 1 2.3 

TABLE 9. Comparative analysis of variations corresponding to dental age and calendar age among all children under 
study of different age groups in absolute values and percentage 

Age group Total children, 
n 

Variations within 0-12 months Variations within 12-18 months 

n % n % 

6-7 23 23 100 0 0 

8-9 34 29 85.3 5 14.7 

10-11 22 18 81.8 3 18.2 

12-13 29 27 93.1 2 6.9 

Total 108 98 90.7 10 9.3

TABLE 6. Intergroup correlation values among the boys 
and girls in different age categories 

Parameter n Intergroup correlation value, r p-value 

Males 65 0.967 < 0.0001 

6-7 16 0.697 0.003 

8-9 18 0.473 0.047 

10-11 14 0.833 0.0002 

12-13 17 0.620 0.008 

Females 43 0.965 < 0.0001 

6-7 7 0.759 0.048 

8-9 16 0.748 0.001 

10-11 8 0.738 0.037 

12-13 12 0.763 0.004 
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The exceptions found in the other age groups are of par
ticular interest in this study, since they indicate indi
vidual features in a development of a specific child who 
exceeds or lingers behind its chronological age. In other 
words, dental age as a marker of biological maturity of 
a child’s body indicates a deviation from the average re
sults. Such children need particular correction of stan
dard treatment regimens and treatment periods consid
ering their biological maturity and body readiness for 
a medical interventions (Tables 7 and 8). 

Based on the comparative analysis of variations cor
responding to the  dental age and the  calendar age of  
613 years old children, the percentage of children whose 
dental age did not correspond to the calendar (chronolo
gical) age was obtained. For the boys of all groups, it was 
13.8% and for the girls, only 2.3%, respectively. The larg
est devia tion was observed in the age group of 89 years 
old for both the boys and girls, but for the boys, this per
centage was 22.2% as compared to 6.2% of the girls. 

The closest indicators of  chronological and dental 
age determined by the Cameriere’s method for the boys 
were found in the age group of 67 years old. 

In general, a  comparative analysis of  the  results re
vealed a high percentage (within 12 months) of correspon
dence of the dental age to the chronological age (Table 9). 

Determination of dental age in this research showed 
the accuracy of data obtained by the Cameriere’s method as 
well as the effectiveness of modifications of the Camerie
re’s linear regression formula made by the  authors in 
the  course of  the  study in a  specific group of  children 
from Lvov region of Ukraine. It should also be noted that 
in practically each age group of  children, among both 
the boys and girls, there were single individuals who did 
not fit in the average statistics and were beyond their lim
its. Finally, the variation between calendar and dental age 
within 18 months was revealed in 9.3% of children. Such 
cases are of greatest interest for this research as individ
uals requiring a  special approach in the course of diag
nostics and treatment, considering the difference in their 
dental and chronological age and, consequently, lingering 
or surpassing body development. 

CONCLUSIONS 

The analysis of the results clearly shows that the larg
est number of  deviations of  dental age values from 
the  chronological age is recorded at the  beginning 
of an active process of tooth change, restructuring, and 
formation of the bone tissue. The first visits to an ortho
dontist and evaluation of the toothjaw apparatus in ac
cordance with the age are carried out during this period. 
At this time, it is very important to evaluate the individ
ual physiological development of a child in accordance 
with its chronological age, and to determine the  opti
mal period for a particular treatment. If the dental age 
as a child’s biological maturity indicator is considered, 

the plan of required medical procedures can be adjust
ed, considering the child’s biological age and its devel
opment peculiarities. Planning a  protocol and timing 
of treatment based on the physiological development of 
a specific child would certainly provide better results as 
compared to a generalized approach. 

Therefore, the  dental age determination as one of 
the markers of the body’s biological maturity is indeed 
required for an individualized approach in treatment of 
children. 
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