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Abstract

Objectives: The aim of this study was to find out in what extend the dental age and skeletal
maturity relate with the chronological age, in a sample of 50 subjects in the range 7 — 16

years old, from the Northern part of Norway

Subjects and methods: The subjects were all patients who had received/were undergoing
orthodontic treatment at the Public Dental Service Competence Centre of Northern Norway
(TKNN). The sample consisted of 25 males and 25 females, from 7-16 years in age. The
subjects were selected to represent 5 different age groups, and each group consisted of 5
boys and 5 girls. The inclusion criteria were age between 7 and 16 at the time the OPG and
lateral cephalogram were taken, and presence of the 7 left side mandibular teeth. Dental
age was assessed on panoramic radiographs by using Demirjian and Goldstein radiographic
analysis. This method is based on ratings of radiographs of the seven left side teeth of the
mandible. Skeletal maturity was assessed by using the Cervical Vertebral Maturation
method, which is a method for assessing adolescent growth stage and for predicting the

start of the pubertal growth spurt in orthodontic patients.

Results: There was a strong correlation between all measured variables. The correlation
coefficients between chronological age and cervical stage were 0,871 for girls and 0,902 for
boys, between chronological age and dental age 0,900 for both girls and boys, and between
dental age and cervical stage 0,846 and 0,900 for girls and boys respectively. Chronological
age was significantly higher than dental age among both boys (P=0,020) and girls (P=0,002)
and the difference was more marked in girl. In average, girls reached their pubertal growth
spurt (CS 3) at a younger age than boys. Dental age in the end of the pubertal growth spurt
(CS 4) varied considerably more among girls (range 10,1-15,2 years) as compared with boys

(range 13.1-14.7 years).

Conclusion: In this sample, the chronological age was generally higher than the dental age.
There were strong correlations between chronological age, dental age and the skeletal
maturity. The usefulness of the high correlations found in our study may be limited in clinical

orthodontics.
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Introduction

Timing is a key word in orthodontics, especially considering the appropriate time for
initiation of different treatment procedures in the growing patient. Optimally, treatment
should be started at the onset of the pubertal growth spurt.(1, 2) One of the reasons is that
treatment in patients with skeletal imbalances can take benefit during this rapid growth
period. A treatment initiated at the wrong time, will increase the risk for an unfortunate
outcome. For example, the result seems to be successful at the end of the treatment, but it
might relapse after some time, because the treatment was ended before the patients’

pubertal growth spurt occurred(3).

The chronological age is often a good indication, but not per se. There are large individual
differences between girls and boys concerning when the patient reaches puberty. Girls often
begin the process of puberty at a lower age than boys (4). This means that girls often will
enter the pubertal growth spurt at a younger age than boys. To utilize the growth spurt, this

suggests that girls demand treatment at an earlier point of time than the boys.

Body height (5-7), skeletal maturation of the hand and wrist (8-11), menarche and voice
changes (12, 13), are all examples of biological indicators of skeletal maturity (1). These
indicators mainly refer to somatic changes at puberty, while the maxilla and mandible follow
a pattern of growth that is intermediate between neural and somatic growth. According to
Laura Mitchell in An Introduction to Orthodontics, the mandible follows the somatic growth

curve more closely than the maxilla, which has a more neural growth pattern(14).

Age determination is not only essential to orthodontic treatment, but also in in forensic
medicine, social and legal settings, and pediatric endocrinology. In these cases dental
radiographs, such as an OPG, can be helpful to get the patient’s age more accurate. The
best-known method based on dental maturation to assess dental age among children and
adolescents, was made by Demirjan, Goldsten and Tanner, in 1973 (15). This method has
been modified several times since then. By describing the normal variation in dental
development, in dentistry and orthodontics, it makes it possible to tell if an individual is

advanced or delayed in his/her dental maturation. As compared to somatic growth, the
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calcification rate of the teeth is controlled more by genes than by environment factors,
which gives a lower variability (16, 17). Studies done by Anderson et al, 1975 has shown that
tooth development is independent of hormonal and nutritional factors(18). Other studies
have shown that age determination assessing dental maturity correlates to the chronological
age in a greater extent than other methods of measuring the development, such as skeletal

maturation, height and weight(19, 20).

To assess skeletal maturation, hand-wrist radiograph is one of the most widely used
methods. However, this method has some drawbacks regarding the variability in somatic
growth and bone maturation, which is influenced by environmental factors — such as
malnutrition or abnormal endocrinology and underlying endocrinology pathology (21). A
study assessing individual skeletal maturity with three different methods (hand-wrist
method, middle phalanx of third finger method (MP3) and cervical vertebrae maturation
method) to assess individual skeletal maturity showed that hand-wrist radiographs precision
in identifying the pubertal growth spurt was lower than for the cervical vertebra maturation
method (CVM method) (22). In addition, hand-wrist radiographs will require extra radiation
of the patient, since it has to be taken additional to a lateral cephalogram, which is routinely
used for orthodontic diagnosis and treatment planning. By using a single lateral
cephalogram, where only the second through the fourth cervical vertebrae are visible, the
skeletal maturity can be assessed(1). The cervical vertebras are divided into 6 stages, and
these stages can predict the start of the pubertal growth spurt including the peak of
mandibular growth. The clinical application of the CVM assessment in orthodontic treatment
is used as a maturational index for evaluating the time of pubertal growth spurt and for

timing the onset of treatment accordingly (23, 24).

As already mentioned, the most frequently used extraoral projection in orthodontics is
lateral cephalometric view, in addition to panoramic imaging. All cephalometric radiographs
are made with a cephalostat that helps maintain a constant relationship among the skull, the
film, and the x-ray beam. Skeletal, dental, and soft tissue anatomic landmarks delineate
lines, planes, angles, and distances that are used to generate measurements and to classify

patient craniofacial morphologic features (25).
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Panoramic imaging is a technique for producing a single tomographic image of the facial
structures that includes both the maxillary and mandibular dental arches and their
supporting structures(25). Digital panoramic imaging has become the latest technology of
presenting radiographic details to the viewer for clinical diagnosis. Application of digital
panoramic images is burgeoning due to its benefits such as fast communication of images,
small storage space required and minimum contamination to the environment. Moreover,
digital panoramic technique have also further advances in dental imaging technology due to
its advantages of providing optimal diagnostic images with low radiation dose when
compared to the conventional technique(26). The panoramic radiographs are used in
orthodontic practice to provide information about axial inclinations, ectopic eruption,
unerupted and congenitally missing teeth, stage of eruption, and surrounding tissues of the

teeth(27).

According to present studies, the effective dose of a conventional lateral cephalogram is
5.03 microsieverts (uSv) without radiation protection. If a thyroid shield is applied, the dose
is reduced with 1.73 uSv. A conventional hand-wrist radiograph has an effective dose of 0.16
uSv(28). According to European guidelines on radiation protection in dental radiology, the
effective dose of a panoramic radiography is 3,85 — 30 uSv. Even at the high end of the
range, the doses are equivalent to a few days of natural background radiation. For
comparison, a flight from Brussels to Athens at a distance of approximately 2100 km (1304

miles), has an effective dose of 10 uSv (29).

Mohit Gupta et al. showed a close correlation between chronological age, dental age and
skeletal age among monozygotic and dizygotic twins (30). Vinod Kumar et al. compared the
relationship between dental age, bone age and chronological age in underweight children.
They found that dental age and bone age were delayed compared to chronological age in
both males and females, and that the correlation between chronological age, dental age and

bone age were all positive in males (31).
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Aim of the study

The aim of the present study was to find out in what extend the dental age and skeletal
maturity relate with the chronological age, in a sample of 50 subjects in the range 7 — 16

years old, from the Northern part of Norway.

Subjects and methods

Subjects

To assess the skeletal maturity, dental age and chronological age, we selected a sample of 50
subjects (25 males and 25 females), from 7 to 16 years in age, who had an OPG and a
cephalogram taken because of orthodontic treatment at the Public Dental Service
Competence Centre of Northern Norway (TKNN). The subjects were selected to represent 5
different-age groups: 7-8,9 years, 9-10,9 yrs, 11-12,9 yrs, 13-14,9 yrs, 15-16,9 yrs. Each group
consisted of 5 boys and 5 girls, 50 subjects in total. The patient’s chronological age was
obtained from patients’ database, by subtracting the birthdates from the date the
radiographs were taken and converted into years with one decimal (Opus, version 7.0, Opus

Systemer AS, Norway).

Methods

Dental age

The Dental age was assessed on panoramic radiograph by using Demirjian and Goldstein
radiographic analysis (32). The method is based on ratings of radiographs of the seven left
side teeth of the mandible, which have been shown to be representative of all the teeth of
the mandible. This method consists of identifying eight stages of calcification for each tooth,
ranging from the calcification of the tip of a cusp to the closure of the apex (Figure 1). The
stages were labelled 0 for no calcification and A to H for the 8 calcification stages. 8 stages of
calcification for each tooth were identified and described and each one was allocated a
score. The sum of these scores for an individual provided an estimate of dental maturity on a
scale measuring from 0 to 100. Scores and percentile standards are given separately for boys
and girls for the age range 3,5-16 years. The overall maturity score was then converted to a

dental age by using available tables (32) (Table 1). In this study, Finnish norms for the dental
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maturity scores were used (33) (Table 2). Examples of dental age assessments are given in

Figures 2-3.

Skeletal age

Cervical vertebral maturation (CVM) is a method to evaluate skeletal maturity on lateral
cephalograms, which has proven to be useful for assessing adolescent growth stage and
especially for predicting the start of the pubertal growth spurt in orthodontic patients. (34-
38). The method is based on developmental changes in the morphology of the three cervical
vertebrae (C2, C3, C4), which can be seen on lateral cephalograms and are evaluated by
visual inspection. According to the CVM, the variables that were analyzed were presence or
absence of a concavity at the lower border of the body of C2, C3, and C4; and the shape of
the body of C3 and C4. Four basic shapes was considered: trapezoid (the superior border is
tapered from posterior to anterior), rectangular horizontal (the heights of the posterior and
anterior borders are equal; the superior and inferior borders are longer than the anterior
and posterior borders); squared (the posterior, superior, anterior, and inferior borders are
equal); and rectangular vertical (the posterior and anterior borders are longer than the
superior and inferior borders) (39)(Figure 4). After the morphologic characteristics of the
vertebral bodies of C2, C3 and C4 were analyzed, the subjects were placed in cervical stage

1-6 according to the CVM method (1)(Figure 4).

Cervical stage 1 (figure 5): The lower borders of all the three vertebrae (C2-C4) are flat. The
bodies of both C3 and C4 are trapezoid in shape (the superior border of the vertebral body is
tapered from posterior to anterior). The pubertal growth spurt (peak in mandibular growth)
will start on average 2 years after this stage.

Cervical stage 2 (figure 6): A concavity is present at the lower border of C2 .The bodies of
both C3 and C4 are still trapezoid in shape. The peak in mandibular growth will occur on
average 1 year after this stage.

Cervical stage 3 (figure 7): Concavities at the lower borders of both C2 and C3 are present.
The bodies of C3 and C4 may be either trapezoid or rectangular horizontal in shape. The
peak in mandibular growth will occur during the year after this stage.

Cervical stage 4 (figure 8): Concavities at the lower borders of C2, C3, and C4 now are

present. The bodies of both C3 and C4 are rectangular horizontal in shape. The peak in
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mandibular growth has occurred within 1 or 2 years before this stage.

Cervical stage 5 (figure 9): The concavities at the lower borders of C2, C3, and C4 still are
present. At least one of the bodies of C3 and C4 is squared in shape. If not squared, the body
of the other cervical vertebra still is rectangular horizontal. The peak in mandibular growth
has ended at least 1 year before this stage.

Cervical stage 6 (figure 10): The concavities at the lower borders of C2, C3, and C4 still are
evident. At least one of the bodies of C3 and C4 is rectangular vertical in shape. If not
rectangular vertical, the body of the other cervical vertebra is squared. The peak in

mandibular growth has ended at least 2 years before this stage.

Cervical stages 1-3 represent pre-pubertal or pubertal (CS3) growth stages, while CS 4-6
represent post-pubertal growth stages. Clinical examples of cervical stages 1-6 are shown in

Figures 5-10.

In the Demirjian method for dental age estimation the observers (E. L. and T.T.) were
calibrated by an oral radiologist (N.L.B.). In the CVM assessment they were calibrated by an
orthodontist (R.M.). Both calibrators were experienced in these methods. The observers
were not calibrated against each other. The assessments were done in a dark room, using an
Olorin i3-2120 computer screen (contrast 1000:1, resolution 1280x1024). The panoramic and
cephalometric radiographs assessed with the software Dimaxis were taken with Promax
Dimax 3 digital (Planmeca, Helsinki, Finland), and the radiographs assessed with the software

Digora® Optime were taken with Cranex® D (Soredex, Milwaukee, USA).

Statistical analyses

To compare correlations between dental age, skeletal maturation stage and the subjects’
chronological age two different tests were used: Spearman’s rank correlation coefficient for
non-parametric correlation of categorical variables) and the T-test for analysing the
difference between chronological age and dental age (continuous variables). In the T-test, a

P-value below 0,05 shows that there is significant difference.

Reliability of measurements

All panoramic radiographs and cephalometric radiographs were assessed by two
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independent examiners and the assessments were repeated after two weeks. Inter- and
intra-examiner agreements were calculated for both dental age and cervical stage by using
the Cohen’s kappa coefficient of agreement. (40)Both girls and boys separated, and girls and
boys in total. Interpretation of the Kappa values was made according to guidelines by Landis

& Koch (41).

Results

Inter- and intra examiner reliability of the assessments.

The kappa values for inter-examiner agreement in the assessment of dental age were 0.7907
in the 1*" evaluation and 0.8699 in the repeated evaluation. The intra-examiner agreements
between first and second measurement of dental age were k= 0.9244 (1% examiner) and
k=0.8963 (2”°I examiner). Correspondingly the inter-examiner 1* and 2" agreements in CVM
assessments were k=0.941 and 0.9765, and for intra-examiner agreement k=0.9626 (1
examiner) and 0.8802 (2nd examiner). The results of the reliability tests indicated substantial

to almost perfect (reliability) agreement according to guidelines by Landis and Koch(41).

The results showed that there was a strong correlation between all measured variables. The
correlation coefficients between chronological age and cervical stage were 0,871 for girls
and 0,902 for boys, between chronological age and dental age 0,900 for both girls and boys,
and between dental age and cervical stage 0,846 and 0,900 for girls and boys respectively.
All the correlation coefficients were higher than 0,8, and classified as a very strong
correlation, meaning they were strongly related. Chronological age and dental age differed
significantly from each other among both boys (P=0,020) and girls (P=0,002). The difference
was more marked in girls, meaning the girls in the sample had a bigger difference between

chronological age and dental age than the boys.

Four of the girls and 8 of the boys were classified in CS 3 (Table 3). This gave an average
chronological age of 10,7 years for the girls and 11,8 years for the boys who were in their
pubertal growth spurt. Nine of the girls and 6 of the boys were classified in CS 4, giving an
average chronological age of 12,8 years for the girls and 13,8 years for the boys, during the

stage when the pubertal growth spurt was over and the growth was slowing down.
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Chronological age in relation to dental age (Figure 11)

In younger patients, the plot showing the difference between chronological age and dental
age was closer to the mean, indicating a tendency that chronological age and dental age
were closer to each other as compared with the older age groups, who had more scattering
indicating more diversity between dental and chronological age. Most of the subjects had a
positive difference between chronological age and dental age = chronological age was higher
than the dental age. Only a few subjects had a negative difference - a chronological age

below the dental age.

Chronological age in relation to cervical stage (CVM stage) (Figure 12)

In average, girls reached their pubertal growth spurt (CS 3) at a younger age than boys.
According to the linear trend lines, deviations from the means increased with age. The first
girl reaching CS 3 had a chronological age of 9,3 years, while the first boy reached the same
stage at the age of 10,4 years — almost a year later. The variation in the chronological age of

boys in CS 3 was 4,7 years (range 10,4 — 15,1) and 3,8 years (range 9,3 — 13,1) in girls.

Cervical stage (CVM stage) in relation to dental age (Figure 13)

Among girls in CS 4 the dental age ranged from 10,1-15,2 years, which indicated a large
variation of dental age at the time when their growth was starting to slow down. The
variation in dental age in boys was considerably lower, ranging from 13,1-14,7 years in the
same cervical stage. Looking at the whole sample, one subject (a girl) with CS 3 had a dental
age of 8,5 years, whereas the last one (a boy) was in the same stage as his dental age was

14,7 years.

Discussion

Relationship between chronological age and dental age

In our sample, the chronological age was somewhat higher than the dental age, with some
exceptions. Although the chronological age and dental age were highly correlated, individual
variability in dental age was found and must be considered also in clinical orthodontics. This
study also showed that the difference to dental age increased with age, especially in the
girls, and was biggest after puberty. Our findings support several earlier studies reporting

similar variations between chronological age and dental development. Ifesanya and Adeyemi

10
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found that there was a significant difference between the chronological and dental age
among boys (p=0,009), but not in girls (p=0,051)(42). Bagherian and Sadeghi showed that the
mean age difference between dental age and chronological age among Iranian Children,
when determined using the Demirjian method based on French-Canadian children, was 0,15
years for boys and 0,21 years for girls. They stated that Iranian children were more advanced
in dental maturation compared to French-Canadian children and that these differences were
statistically significant (p=0,001)(43). Hence, tooth development seems to vary between
populations(44). Corresponding differences have been shown among several ethnic groups

worldwide. Even between cities in the same country, variations have been detected (44).

Correlation between cervical stage and chronological age

The high correlation in this study found between chronological age and CVM might indicate,
in general, that the chronological age could be suitable to measuring skeletal maturity.
However, the large individual variation found in the age of starting and slowing down of the
pubertal growth spurt (CS 3 and 4) must be born in mind. Alkhal et al. found a bit lower
correlation between CVM and chronological age in a Chinese sample of 400 subjects people
than in our present study (0,749 for boys, and 0,776 for girls)(45). It is difficult to know
exactly why there is a difference. A possible explanation could be different age distribution
between the samples. In the study by Alkhal et al., the female subjects were between 10 and
15 years, and male subjects between 12 and 17 years old, while our sample included also
subjects from 7 to 10 years old. This might explain the higher correlations in our sample,
since individual variation in growth and development, including the skeletal age, increases
with age, as seen also in this study. Ethnicity could also have an impact; in Chinese
populations growth patterns could be somewhat different compared to people from
Northern Norway. Our study was better in line with Baidas, who found a correlation of 0,864
between chronologic age and cervical vertebrae maturation for the sexes combined in
adolescents from Saudi Arabia(46).

Despite of high correlations, it is known from earlier studies, that chronological age is
considered a poor indicator for estimating the degree of skeletal maturity. This is due to
significant growth variations among individual children of the same chronological age (12,
47, 48). Therefore, especially in class ll-patients, it is important to estimate individually when

the growth spurt will occur to be able to utilize the patient’s growth in the treatment. There

11
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seems to be a wide consensus suggesting that optimal timing for functional/orthopedic
treatment of Class Il malocclusion is during the pubertal growth spurt (23, 49, 50). Functional
or orthopedic therapy of Class Il malocclusion just after the onset of the pubertal growth
spurt is recommended to favor maximum treatment effect and to reduce duration of
treatment and the retention time after treatment. Too early initiated treatment will increase
treatment time and, without retention, it may lead to relapse of the treatment outcome,
because the growth pattern of severe Class Il malocclusion tends to strive constantly to
reassert itself, especially when pubertal growth spurt occurs during the post retention
period (23). However, particularly in severe skeletal Class Il patients, the evaluation of
optimal timing of the orthodontic treatment is recommended to be done individually on

each patient (49).

The growth spurt occurs between cervical stages 3 and 4 (1). In our sample the pubertal
growth spurt occurred earlier in girls than in boys. A study done by Mellion et al. showed
that the pubertal growth spurt in mandibular length occurred in girls at the age 9,5 years,
and in boys at the age 11,9 years in a sample of subjects from Bolton-Brush Growth Study
Center in Cleveland, Ohio, using the hand-wrist method(2). Compared to Mellion et al, the
girls in our sample from Northern Norway reached the pubertal growth spurt 1,2 years later,
while the average age of the boys in our study was pretty close to the average by Mellion et
al. The difference in the validity regarding the CVM method and hand-wrist method has
although to be taken into account. A weakness with the Cervical Vertebral Maturation (CVM)
Method-is that it cannot be determined whether the patient is in the beginning or end of a
stage. The time between each stage is approximately 1,5 years according to Baccetti et al.
(1), unlike dental age which is given with an accuracy of months. Because of this, the cervical

stage is not as accurate measurement as the dental age.

Correlation between dental age and cervical stage

This study was in line with e.g. the study by Valizadeh et al. on a sample of 400 females from
India. In spite of the fact that Valizadeh et al. differentiated between the various teeth, they
found the correlation coefficients between cervical vertebral maturation and dental
calcifcation significant to be high for all the teeth (r=0,702-0,75), except for the permanent
incisors and first molar. (0,3 and 0,4, respectively). Therefore they concluded that skeletal

maturity could be predicted by using the calcification stages (51). Sachan et al. evaluated the

12
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relationship between cervical vertebral maturation and the calcification of just the canine.
They concluded that because the correlations between skeletal maturation indicator and
canine calcification were good for both male (r=0,645) and female (r=0,891) subjects, canine
calcification stages could therefore be used for assessing bone maturation (52). However,
regardless of the substantial correlations reported in that study, the clinical significance may

be limited on an individual level.

One of the girls in this study’s sample was classified in cervical stage 3, while her dental age
was 8,5 years. This means that she at that point had not got her permanent canines,
premolars and second molars yet. Because of this, it would have been too early to start
treatment with e.g. fixed appliances. The treatment plan and treatment method are affected
not only by the patient’s growth, but also by the dental development. If a skeletal effect is
needed to achieve a sufficient treatment outcome, it is important that the clinician do not
rely entirely on the patient’s dental age, but also takes the skeletal stage into consideration.
An opposite example was a boy in our sample who had full permanent dentition (dental age

14,7 years) while he was in cervical stage 3, meaning he still had a lot of growth left.

A drawback with the Demirjian method in dental age estimation when applied to a
Norwegian population was that it is based on data from French-Canadian children. It has
been shown that tooth development has variations among populations (44).These
differences exist between ethnic groups worldwide, and there is even a tendency towards
differences between children within a country (44). But according to Nykdnen R et al. who
tested the validity of the Demirjian method when applied to Norwegian children, the dental
age standards appeared to be applicable for groups of children from a Norwegian
population. This conclusion was made although they found that the Norwegian children in
general were slightly more advanced in dental maturity as compared to the French-Canadian

reference sample (53).

Limitations of the present study
The small sample size was a clear limitation of this study, and the results cannot be
generalized or considered as representative of children in the north of Norway. Another

limitation with the present study was that the subject’s age and presence of the 7 left side

13
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mandibular teeth were the only inclusion criteria. Ethnicity, history of congenital or systemic
disorders was not taken into account. The observers did never get to meet the subjects in
person, neither did they look into the subjects’ health records. Therefore, the results only

show trends in a demographically rather homogeneous population in Northern Norway.

Conclusion

* |nthis sample, the chronological age was generally higher than the dental age.

* High correlations were found between chronological age, dental age and skeletal
maturity.

* The usefulness of the high correlations found in our study may be limited in clinical
orthodontics due to the high individual variation. Therefore, if growth is needed to
achieve the treatment goals, evaluation of the growth stage is suggested be done

individually for each patient.
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DEVELOPMENTAL STAGES OF THE PERMANENT DENTITION
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Figure 1: Assessment of dental maturity
with the radiographic method by
Demirijan and Goldstein.

Figure 2: Clinical example of Demirjian and Goldstein’s assessment of dental maturity.

A cropped panoramic radiograph of an 8-year-old girl, assessed according to the instructions by
Demirjian and Goldstein; The formation stages of the seven left mandibular teeth are (from M2) D, G,
E, E, E, G, H. The corresponding scores are 9.0+12.5+11.1+12.6+7.3+11.2+15.8, and the summed
score is 79.5. This gives her the dental age 8.1 years
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Figure 3: Another clinical example. A cropped panoramic radiograph of a 13.4-year.old boy. The
formation stages of the seven left mandibular teeth are (from M2) G,H,G,G,G,H,H. The summed score

A A A AN AN
DD || O]
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H)I)

CS1 CS2 CS3 CS4 CS5 CS6

Figure 4: The cervical vertebral maturation method according to the modified method by Baccetti et

al. (1).
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Figure 5: CS1 Figure 6: CS2 Figure 7: CS3

Figure 8: CS4 Figure 9: CS5 Figure 10: CS6
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Difference between chronological age and dental age with linear trendline
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Figure 11:

Chart illustrating the difference between chronological age and dental age. A positive value shows that the chronological age is higher than the dental

age, which means that the dental age is delayed. A negative value shows the opposite.
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Correlation between chronological age and cervical stage with linear trendline
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Figure 12:
Chart illustrating the correlation between chronological age and cervical stage.
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Correlation between dental age and cervical stage with linear trendline
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Figure 13:

Chart illustrating the correlation between dental age and cervical stage.
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Tooth 0 A B C D E F G H
Boys

sz 0.0 17 3.1 5.4 8.6 11.4 124 12.8 13.6
M 0.0 53 75 103 13.9 16.8
PM, 0.0 1.5 2.7 52 8.0 10.8 120 12.5 132
PM 0.0 40 63 9.4 132 14.9 155 16.1
i 0.0 4.0 7.8 10.1 11.4 12.0
I, 0.0 2.8 5.4 77 10.5 132
I 0.0 43 63 8.2 112 15.1
Girls

M 0.0 1.8 3.1 5.4 9.0 117 12.8 13.2 13.8
M 0.0 35 56 8.4 12.5 15.4
PM, 0.0 1.7 2.9 5.4 8.6 11.1 123 12.8 133
PM 0.0 31 52 8.8 12.6 14.3 14.9 15.5
o 0.0 3.7 73 10.0 11.8 12.5
1 0.0 2.8 53 8.1 1.2 13.8
r 0.0 4.4 6.3 8.5 12.0 15.8

Table 1: Self-weighted scores for tooth formation stages. Mandibular left side, seven tooth system

according to Demirijan and Goldstein.

Age Boys Girls Age Boys Girls
35 21.9 204 8.0 71.3 793
3.6 224 212 8.1 73.0 79.9
3.7 23.1 21.8 8.2 76.7 80.1
3.8 239 22.6 8.3 774 81.5
39 24.8 229 84 78.9 81.6
4.0 26.6 254 8.5 79.9 829
4.1 26.8 29.8 8.6 81.0 834
4.2 28.0 31.0 8.7 81.2 854
43 28.3 314 8.8 82,0 85.6
44 29.7 332 8.9 84.0 86.2
4.5 314 332 9.0 85.0 86.9
4.6 32.5 34.4 9.1 85.0 88.6
4.7 32.7 35.3 9.2 85.2 89.0
48 33.7 35.3 9.3 85.5 90.3
49 35.0 35.7 9.4 85.8 91.3
5.0 353 36.3 9.5 86.1 92.5
5.1 36.0 373 9.6 86.5 92.9
52 37.7 38.5 9.7 87.0 93.3
5.3 38.7 40.2 9.8 87.5 93.5
54 40.3 41.5 9.9 88.1 93.5
55 41.0 43.2 10.0 88.5 93.6
56 422 443 10.1 89.0 93.6
5.7 44.7 4.5 10.2 89.7 93.7
58 458 452 10.3 90.5 93.7
5.9 47.1 484 10.4 91.0 93.9
6.0 478 49.2 10.5 91.6 94.1
6.1 48.1 513 10.6 92.7 94.1
6.2 49.5 53.7 10.7 93.1 94.5
6.3 50.3 54.5 10.8 93.6 94.7
6.4 51.5 574 10.9 93.8 95.3
6.5 52.6 57.8 11.0 94.0 96.4
6.6 54.5 60.8 11.1 94.4 96.5
6.7 572 62.3 11.2 94.8 96.6
6.8 58.7 63.5 113 94.9 96.7
6.9 61.4 64.9 11.4 95.0 96.7
7.0 62.1 66.6 115 95.0 96.8
7.1 62.7 68.5 11.6 95.0 96.9
72 63.1 71.0 11.7 95.0 97.1
7.3 63.9 82.0 11.8, 95.1 97.3
74 65.4 74.8 11.9 95.1 97.4
75 65.8 75.1 12,0 95.2 97.6
7.6 66.0 757 12.1 953 98.0
7.7 67.3 76.5 12.2 95.4 98.1
7.8 68.4 77.1 12.3 95.7 98.3
79 70.2 78.0 124 96.0 98.4

Table 2: Dental maturity scores and the corresponding dental ages in a series of Finnish

children.

Age Boys Girls
12.5 96.6 98.6
12.6 96.9 98.7
12.7 97.0 98.8
12.8 97.1 98.8
129 97.2 98.9
13.0 97.2 98.9
13.1 972 99.0
13.2 97.4 99.0
13.3 97.8 99.0
13.4 97.9 99.0
13.5 979 99.1
13.6 98.0 99.1
13.7 98.0 99.2
13.8 98.1 99.2
13.9 98.2 99.3
14.0 98.2 99.3
14.1 98.4 99.3
142 98.5 99.4
143 98.6 99.5
144 98.8 99.5
14.5 99.0 99.6
14.6 99.1 99.6
14.7 99.2 99.7
14.8 99.3 99.7
149 99.4 99.7
15.0 99.4 99.7
15.1 99.5 99.7
15.2 99.5 99.8
153 99.5 99.8
15.4 99.6 99.9
15.5 99.6 99.9
15.6 99.6 100.0
15.7 99.7 100.0
15.8 99.7 100.0
15.9 99.7 100.0
16.0 99.8 100.0
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Rank
1 7,0 to 8,9 years
2 9,0 to 10,9 years
3 11,0 to 12,9 years
4 13,0 to 14,9 years
5 15,0 to 17,0 years

Patient nr. | Chronological age | Rank | Dental age | Rank | Cervical stage |Difference K - D
Girl 1 8,4 1 8,6 1 Cs1 -0,2
Girl 2 7,6 1 7,9 1 CS1 -0,3
Girl 3 8,4 1 8,8 1 Cs1 -0,4
Girl 4 8,6 1 8,3 1 CS2 0,3
Girl 5 8,2 1 8,1 1 CS1 0,1
Girl 6 10,8 2 10,2 2 CS3 0,6
Girl 7 9,3 2 9,2 2 CS3 0,1
Girl 8 9,7 2 9,1 2 Cs1 0,6
Girl 9 9,8 2 8,7 1 CS2 1,1

Girl 10 9,7 2 8,5 1 CS3 1,2
Girl 11 11,9 3 11,8 3 Cs4 0,1
Girl 12 12 3 10,6 2 CS4 1,4
Girl 13 11 3 10,1 2 CS4 0,9
Girl 14 12,1 3 12 3 CS4 0,1
Girl 15 11,9 3 12,2 3 Cs4 -0,3
Girl 16 13,1 4 10,9 2 CS3 2,2
Girl 17 14,1 4 13,3 4 Cs4 0,8
Girl 18 13 4 12,9 3 Cs4 0,1
Girl 19 13,8 4 10,2 2 CS4 3,6
Girl 20 14,2 4 13,3 4 CS6 0,9
Girl 21 16,2 5 14,4 4 CSé6 1,8
Girl 22 15 5 13,9 4 CS5 1,1
Girl 23 15,6 5 15,2 5 CS4 0,4
Girl 24 16,1 5 16 5 CS6 0,1
Girl 25 15,9 5 16 5 CS5 -0,1
Boy 1 7,3 1 8 1 CS1 -0,7
Boy 2 8,9 1 8,7 1 CS2 0,2
Boy 3 7,1 1 7,5 1 CS1 -0,4
Boy 4 7,6 1 6,4 1 cs1 1,2
Boy 5 8,4 1 8,1 1 CS1 0,3
Boy 6 9,8 2 10,3 2 CS2 -0,5
Boy 7 9,1 2 9,2 2 Cs1 -0,1
Boy 8 10,7 2 10,5 2 CS3 0,2
Boy 9 10,4 2 10,2 2 CS3 0,2
Boy 10 10,8 2 8,9 1 CSs1 1,9
Boy 11 11,6 3 12,7 3 cs3 -1,1
Boy 12 11,4 3 10,8 2 CS3 0,6
Boy 13 11,8 3 12,4 3 CS3 -0,6
Boy 14 11,6 3 10 2 CS3 1,6
Boy 15 12,1 3 12,4 3 CS3 -0,3
Boy 16 13,8 4 12,9 3 Cs4 0,9
Boy 17 13,4 4 13,2 4 CS4 0,2
Boy 18 13,4 4 13,2 4 Cs4 0,2
Boy 19 13,1 4 11,8 3 Cs4 1,3
Boy 20 13 4 13,1 4 CS4 -0,1
Boy 21 16,1 5 14,7 4 Cs4 1,4
Boy 22 15,1 5 14,7 4 CS3 0,4
Boy 23 16,2 5 14,7 4 CS5 1,5
Boy 24 15,9 5 15,5 5 CS6 0,4
Boy 25 16,1 5 14,7 4 CS5 1,4

Table 3: The subjects’ chronological age and dental age classified in different
ranks, cervical stage and the difference between chronological age and dental

age in the right column.
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