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Background: Dental age assessment is very useful in the pediatric dentist’s and orthodontist’s everyday practice. The eventual lack of cor-

relation between dental age, skeletal maturation and chronological age can infl uence treatment procedures regarding mostly their application 

time. The aim of our study was to investigate the relationship between dental age based on the calcifi cation stages of the fi rst lower premolar 

(PM1i) and skeletal maturity stages using cervical vertebrae (C2, C3, C4) among Romanian individuals and to determine the clinical value of 

the fi rst premolar as a growth evaluation index. 

Material and methods: In a sample of 30 patients (13 males, 17 females) ranging in age from 9 to 15 years (mean age 11.2 years) we ex-

amined the orthopantomography radiographs (OPT) and lateral cephalometric radiographs of each case. 

Results: The biological development of girls is about 1.5 years more advanced than in boys. When the Demirjian Index was at stage F, then 

CVS was at stage 3.4, which means that in developmental stage “F” (according to Demirjian index) premolars are indicators of the optimal time 

for orthodontic treatment. We found a signifi cant correlation (R = 0.871, p <0.001) between CVM and Demirjian's index. 

Conclusions: The correlation shown in this study will allow clinicians to use mandibular fi rst premolar as an adjunctive tool to assess ado-

lescent growth spurt, combined with the evaluation of the cervical vertebrae. The results also show the usefulness of the assessment of the 

development of dental status as a simple diagnostic test to determine the biological age of the population.
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Introduction
Assessing the maturational status of an adolescent child 
can have a considerable infl uence on the diagnosis, and 
the planning, goals and eventual outcome of orthodontic 
treatment. Knowing the moment of the active growth of 
a child is important and useful for both paedodontic and 
orthodontic everyday practice [1]. Considerable variations 
in development among children of the same chronologi-
cal age have introduced the concept of biological or physi-
ological age [2]. 

Biological age is the recording of the rate of progress 
toward maturity and can be estimated by:

• Morphological age: is based on height and is useful as 
a maturity indicator from late infancy to early adult-
hood.

• Dental age: dental age maturity indicators are useful 
from birth to early adolescence.

• Sexual age: refers to the development of secondary sex-
ual characteristics, breast development and menarche 
in females, penis and testis growth in males, and axil-
lary and pubic hair development in both sexes. Th is 
type of indicator is useful only for adolescent growth.

• Skeletal age: is determined by assessing the develop-
ment of bones [3].

Th ere is a distinct correlation between height and de-
velopment of the craniofacial complex. Height has limited 
value in the immediate clinical judgment of a child’s matu-
rity stage, because morphological indicators can be applied 
only after serial recording of height. In orthodontics hand-
wrist and cervical vertebrae radiographs are commonly 
used for the assessment of skeletal development [2]. Lam-
parski insisted that there is a strong relationship between 
cervical vertebrae maturity and hand-wrist maturity [4]. 
Th erefore, our study aims to analyze the maturity of the 
cervical vertebrae to prevent unnecessary radiation expo-
sure. Hassel and Farman suggested six stages of classifi ca-
tion of cervical vertebrae, based on the shape of the second, 
third and fourth vertebrae, on lateral cephalogram [5].

Dental maturity is also used for evaluating adolescent 
development and can be determined by two diff erent 
methods. Th e fi rst is based on the eruption age of the ex-
amined tooth. Th is could be called "dental eruption age". 
Th e second method allows us to study the level of lower 
fi rst bicuspid mineralization on panoramic radiograph, 
described as the Demirjian’s method. Development of the 
fi rst lower premolar begins at 21–24 months and ends at 
the age of 12–13 years. 

Th e relationship between skeletal age and dental age 
has been investigated for a long time. Racial variations 
have been reported to have a certain contribution. Map-
pes indicated that the predominant ethnic origin of the 
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population, climate, nutrition, socioeconomic changes are 
causative factors of the racial variations [6]. At the begin-
ning of this study we thought that Romanian children may 
have diff erent skeletal and dental maturation rates during 
pubertal development than children from other countries 
from whom the standards were derived.

 Th e purpose of this study was to investigate the rela-
tionship between dental age based on the calcifi cation 
stages of the fi rst lower premolar (PM1i) and skeletal ma-
turity stages using cervical vertebrae (C2, C3, C4) among 
Romanian individuals and to determine the clinical value 
of the fi rst premolar as a growth evaluation index.

Materials and methods
Th irty orthodontic patients, 13 male and 17 female sub-
jects ranging in age from 9 to 15 years (mean age 11.2 
years) of the Orthodontic Department of the University 
of Medicine and Pharmacy of Tîrgu Mureș were elected 
as subjects for our cross-sectional study. In each case or-
thopantomograms (OPT) and lateral cephalometric radio-
graphs (LCR) were analyzed. 

Each radiograph was evaluated twice by the same au-
thor, the second evaluation was made 10 days after the fi rst 
one. Diff erences between the two evaluations did not ex-
ceed more than one stage of development, if there was a 
diff erence, then the lower development stage was chosen.

In the assessment of dental age the mineralization level 
of the lower fi rst premolar was used. We assessed the lower 
bicuspid because maturity assessment is easier to perform 
using this tooth instead of the upper fi rst bicuspid, where 
anatomical structures (the palate, the bottom of the zy-
gomatic arch, the maxillary sinus) can overlap the dental 
structures, the root is diffi  cult to observe and errors can 
be committed. We excluded cases where there was a sig-
nifi cant diff erence in the right and left premolar’s deve-
lopment. Lower fi rst bicuspid mineralization was evalu-
ated according to the method described by Demirjian, one 
of the stages of calcifi cation (A–H) was allocated to both 
lower fi rst premolars [7], known as the Demirjian’s index. 
Th is method determines the bicuspid’s developmental 
stage based on the shape of the root and the proportion of 
root length – crown height. Absolute length of the tooth 
is not evaluated because of the distortioned image OPT 
can give. Since X-rays are not perfectly perpendicular to 
the tooth surface, projections of the roots and teeth can 
appear shortened or elongated and the assessment will not 

be reliable [16]. In each case we preferred to use panoramic 
radiographs instead of intraoral periapical radiographs, be-
cause OPT represents a routine radiograph examination in 
orthodontics.

Th e eight stages of dental mineralization according to 
Demirjian can be described as follows: stage A – initial 
crown calcifi cation, without fusion of diff erent calcifi ca-
tions; stage B – fusion of mineralization points; stage C 
– occlusal surface completely formed; stage D – crown 
formation completed to the level of the cementoenamel 
junction; stage E – the root length remains shorter than 
the crown height; stage F – the root length is equal to or 
greater than the crown height; stage G – the apical end of 
the root canal is partially open; stage H – the root apex is 
completely closed [7].

Assessment of skeletal maturation stage was done by 
tracing with Corel Draw program the C2, C3, and C4 cer-
vical vertebrae outlines on each lateral cephalometric ra-
diograph, using the cervical vertebrae maturation (CVM) 
method [4]. Concave shapes, if found on the lower border 
of C2, C3 and C4, as well as the shape of the vertebral 
bodies of C3 and C4 (trapezoidal, horizontal, square, and 
vertical) were analyzed. Six developmental stages were de-
scribed, from CS1 (cervical stage 1) to CS6 (cervical stage 
6). To increase the diagnostic effi  ciency of the method, its 
authors included information on prognosis of mandibular 
growth potentially related to every stage of CVM [8].

In stage 1 (initiation) the inferior borders of C2, C3, C4 
are fl at, 7% may show concavities. Th e vertebrae (C3, C4) 
are wedge shaped and the superior vertebral borders are 
tapered from posterior to anterior [9]. In stage 2 (accelera-
tion) concavities are developing in the inferior borders of 
C2 and C3, the inferior border of C4 is fl at and the bod-
ies of C3 and C4 are nearly rectangular in shape. In stage 
3 (transition) distinct concavities are seen in the inferior 
borders of C2 and C3, a concavity begins to develop in 
the inferior border of C4 and the bodies of C3 and C4 are 
rectangular in shape. According to Bacetti [8], the peak 
of mandibular growth will start in this stage. In stage 4 
(deceleration) distinct concavities are seen in the inferior 
borders of C2, C3 and C4 and the vertebral bodies of C3 
and C4 are becoming more square in shape. Th e peak in 
mandibular growth will stop at the end of this stage. In 
stage 5 (maturation) more accentuated concavities are seen 
in the inferior borders of C2, C3 and C4 and the bodies of 
C3 and C4 are nearly square in shape. In stage 6 (comple-
tition) deep concavities are seen in inferior border of C2, 

Table I. Spearman rank order correlation coeffi cients

Correlations

Spearman’s 
rho

CVS DI

CVS Correlation coeffi cient 1.000 0.871**

Sig. (2-tailed) 0

N 30 30

DI Correlation coeffi cient 0.871** 1.000

Sig. (2-tailed) 0

30 30

Table II. Percentage distribution of dental development stages in 
subsequent CVS stages

CS2 CS3 CS4 CS5 CS6

E 57.14% 42.85%

F 8.33% 58.33% 33.33%

G 83.33% 16.66%

H 20% 80%
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C3, and C4 and the bodies of C3 and C4 are square or are 
greater in vertical dimension than in horizontal dimension. 

Statistical analysis was performed using SPSS software 
package. Statistical data was obtained by calculating the 
means and standard deviations of the chronological ages 
for the six stages of CVM. Th ese were done separately for 
both genders, knowing the diff erence in growing precess 
for boys and girls.

Th e corelation between the developmental stage of fi rst 
premolar and the vertebral maturation, the Spearman rank 
order correlation coeffi  cients were estimated.

In order to determine the relationship between the two 
indicators, percentage distribution of the seven dental de-
velopment stages for all the CVM stages was evaluated.

Results
Our results showed that each stage occurs obviously ear-
lier in female subjects than in male subjects, the diff erence 
between the two genders has an average of 1.5 year (values 
between 1.16–1.6 years). Th e Spearman correlations be-
tween CVM and dental stages were statistically signifi cant 
at the p<0.01 signifi cance level (R = 0.871). After calcu-
lating the percentage distribution of dental development 
stages in subsequent CVM, we found that the stages of 
adolescent growth spurt (CS3, CS4) corresponded in the 
highest rate with the F dental development stages of the 
fi rst lower premolar. 

Discussion
Most of the orthodontic treatments need a proper assess-
ment of patients' maturation age, in order to be able to 
modify the growth pattern with a well-selected treatment 
plan applied at the perfect age and time, and to avoid as 
much as possible the treatment failure. Orthopedic growth 
pattern modifying treatment has it’s best results during 
rapid physical growth period.

Chronological age is a very weak growth predictor, this 
is why we have to determine each patient's physiological 
age. Maturation indicators, such as skeletal maturation, 
dental development, menarche, voice changes can be used 

in this matter. Th e age of menarche in girls and appearance 
of characteristic sexual signs in boys are most closely asso-
ciated with peak high velocity, but they appear to have no 
correlation with dental development [1,9].

Skeletal maturation can be assessed using diff erent radio-
graphic methods. Th e most common methods used in or-
thodontic physiological evaluation of growth are the hand-
wrist radiographs and cervical vertebrae maturation method. 
Hand-wrist radiographs need an additional exposure in or-
thodontic clinical examination, meanwhile CVM can be 
assessed on lateral cephalometric radiographs, which are 
commonly used in orthodontic treatment planning. Many 
studies indicate both methods valid for the assessment of 
skeletal maturation [10,11,12,13], although a more accu-
rate, reproductible and more appropriate sensivity-sensibili-
ty analysis is needed for the CVM method [14].

Dental age assessment is another indicator of biologi-
cal maturity in growing children. As we all know, tooth 
eruption can be aff ected by environmental, local and re-
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Fig. 1. Descriptive statics by calculating the means and standard 
deviations of the chronological ages for the six stages of CVS 
separate for girls and boys

Fig. 2. Different stages of calcifi cation of the lower fi rst premolar

Fig. 3. The mandibular growth in different CVS stages
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gional factors and in this matter the sequence of dental 
eruption can be altered. A more reliable method for den-
tal maturity assessment is the observation of the stages of 
tooth calcifi cation on radiographs. Th e method introduced 
by Demirjian et al. is one of the common methods used 
to determine the stages of calcifi cation in several teeth, it 
classifi es tooth mineralization by observing the maturation 
stages of the teeth instead of teeth size. Th is can be done 
on periapical or panoramic radiographs. In everyday or-
thodontic treatment planning panoramic radiographs are 
always used, this is the reason we did it also. 

Many studies reported the relationship between dental 
maturation stages and skeletal maturity [15,16] even if ra-
cial variations were reported [17,18].

Th e mean chronological age for each skeletal maturity 
shown in Table I indicated that the appearance of each CV 
stage is consistently earlier in the females than in the males 
(1.5 years), and this fi nding was in accordance with the 
information published in several studies [19].

Correlation coeffi  cients between skeletal and dental ma-
turity stages of subjects are shown in Table II. We found 
a high correlation coeffi  cients at the p <0.01 signifi cance 
level (R = 0.871) between development of mandibular fi rst 
premolar and skeletal age, which is in accordance with the 
fi ndings of Rózylo-Kalinowska et al. [16,19].

In order to assess dental maturity, any tooth can be 
evaluated by it’s stage of calcifi cation. Teeth showing the 
highest relationship with CVM are the premolars and ca-
nines, the central incisor presents the poorest corelation 
[19]. Th ese are the reasons why we choose the lower fi rst 
bicuspid to assess dental maturity.

Demirjian’s method was originally described for a 
French Canadian sample [20] and later was adapted on 
Turkish [21], Belgian [22] and Romanian [23] samples.

Our results are preliminary, due to the fact that this is 
the fi rst study to compare the CVM method of skeletal 
maturity evaluation with dental development among Ro-
manian children. Moreover, the cohort consisting of 30 
patients is not fully representative, the studied group could 
be larger and more balanced regarding gender.

Conclusions
Th e correlation between the development stage of the fi rst 
lower premolar and skeletal maturity will allow clinicians 
to use mandibular fi rst premolar as an adjunctive tool to 
assess adolescent growth spurt, combined with the evalua-
tion of the cervical vertebrae.

Our results also show the usefulness of the assessment 
of the development of dental status as a simple diagnostic 
test to determine the biological age of the population and 
panoramic radiographs can be used for this purpose.

Lateral cephalometric radiographs can be used for skel-
etal maturation assessment in order to apply our orthodon-
tic treatment at the time of active physical growth.
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