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Abstract

Objective: To investigate the relationships between the stages of calcification of mandibular right and left second molars using
Demirjian method and skeletal maturity stages using cervical vertebrae maturity index (CVMI) among Omani subjects.

To establish a valid clinical tool for indication of pubertal growth period in Omani children and adolescents from an OPG with-
out the necessity of extra exposing patients to cephalometric or hand-writst radiographs. The null hypothesis tested was no clini-
cally meaningful relationship between the stages of cervical vertebral maturation and mandibular second molar calcification stages

among Omani subjects.

Materials and Methods: A sample of 149 healthy “Omani” subjects (71 Males and 78 Females; age range, 8 to 17 years) extracted
from the total 360 patients attended Orthodontic department of Oman Dental College from January 2012 until January 2015. Man-
dibular right and left second molar maturation (stages E to H) according to the method of Demirjian and skeletal maturity using the
cervical vertebral maturational (CVM) method assessed looking at pretreatment Orthopantogram and Cephalometric radiographs of
Omani Orthodontic patients attended to Oman Dental College.

Results: Highly significant correlation (0.825 for males and 0.856 for females) was found between DI and CVMI amongst Omani 8-17
years old individuals. DI stage E corresponded to pre-peak of CVMI and stages F and G corresponded to peak of, stage H was associ-
ated with post peak of CVML

Conclusion: There was no difference between right and left mandibular second molar maturity index for both Omani males and

females. It can be concluded that mandibular second molar DI stages are a reliable indicator of skeletal maturity and can be used as

clinical tool in predicting the skeletal maturity stages of 8 to 17 years old Omani males and females’ individuals.
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Introduction

Assessing skeletal maturity and dental development is a fre-
quent clinical practice in many healthcare professions, especially
for growth modification in Orthodontics and Dentofacial Orthope-
dics and for age estimation in forensic sciences. Due to the consid-
erable variations in development among children, chronological
age may have little or no role in determination of the maturation
stage of a child and led to the concept of biologic or physiologic
age. Previously it was reported that the stages of permanent man-

dibular second molar calcification showed the highest correlation
with the stages of skeletal maturity as compared to other teeth [1].
The ability to assess skeletal maturity by the stages of permanent
mandibular second molar calcification through the examination of
a panoramic radiograph (which is a routine diagnostic radiograph
for dental/orthodontic treatment) would offer an advantage over
the conventional hand-wrist radiographic method. The current
study aims at assessing calcification stages of permanent mandib-
ular second molar using panoramic radiograph and its comparison

with cervical vertebrae maturation using lateral cephalogram.
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Review of Literature

A study was conducted to derive a method of estimating over-
all dental maturity or dental age, based on the stages observed
in each tooth, by reference to the radiologic appearances of the
seven teeth on the left side of the mandible. Panoramic radiograph
of 1446 boys and 1482 girls of French-Canadian parentage have
been used. Each tooth has been rated according to developmental
criteria (amount of dental deposit, shape change of the pulp cham-
bered.) rather than change in size. Eight stages, A to H, have been
defined from the first appearance of calcified points to the closer of
the apex. The method of Tanner, White house and Healy for skeletal
maturity has been used for deriving a score for each stage for each
tooth. The summed scores on all 7 teeth give a dental maturity

score which can be directly converted into a dental age [2].

In another study, correlation was made between cervical verte-
brae maturation and the skeletal maturation of the hand wrist. The
prime objective of the study was to create a method of evaluating
the skeletal maturation of the orthodontic patient with the cepha-
lometric radiograph that is routinely taken with pretreatment
records. The sample of 220 subjects aged from 8 to 18 years was
taken. By using the lateral profiles of the second, third and fourth
cervical vertebrae, it was possible to develop a reliable ranking of
patients according to the potential for future adolescent growth
potential [3].

A study was conducted to know the relationships between den-
tal calcification stages and Skeletal Maturity Indicator in Thai indi-
viduals. The relationship between the stages of calcification of var-
ious teeth and skeletal maturity stages were evaluated from dental
panoramic and hand-wrist radiographs of 139 male subjects and
222 female subjects between 7 years to 19 years. From the correla-
tion coefficient and the percent distribution of stages, there was a
relationship between dental and skeletal development, however,
the relationship differed for individual teeth. The findings of this
study indicate that tooth calcification stages might be clinically

used as a maturity indicator of the pubertal growth period [4].

Another study was conducted to investigate the relationships
between the stages of calcification of various teeth and the skel-
etal maturity stages among Turkish subjects. The samples were
derived from dental panoramic and hand-wrist radiographs of
500 subjects of which 215 males and 285 females of age ranging
between 7 to 20 years with mean age of 12.01 +/-3.03 years. All
statistical analyses were performed using the SPSS software pack-

age. The appearance of each skeletal stage is consistently earlier
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in the females than in males. At the same skeletal maturity stage,
males had a more advanced trend in tooth calcification. The tooth
sequence in order of the lowest to the highest correlation for fe-
male subject was third molar, canine, first premolar, second premo-
lar and second molar. The corresponding sequence in male subjects
was third molar, canine, first premolar, second premolar, second
molar. The second molar showed the highest and the third molar
showed the lowest relationship for female and male subject. Sta-
tistically significant relationships were determined between dental
calcification and skeletal maturation stages according to Spearman

rank-order correlation coefficients [5].

A comparative study of hand wrist and cervical vertebrae was
done to assess the validity of cervical vertebrae as maturity indi-
cators. The sample consisted of 50 subjects (25 females and 25
males) in the age group of 10-12 years. The results of the study
proved that cervical vertebrae can be used as maturation indicator
with the same confidence as hand wrist radiographs. Cervical ver-
tebrae has the same potential as hand wrist radiograph for deter-
mining the skeletal maturation of an individual, thus avoiding the

patient from an additional radiographic exposure [6].

Arecent study was conducted for skeletal maturation evaluation
using mandibular second molar calcification stages. Samples were
derived from panoramic and lateral cephalometric radiographs of
300 subjects (137 males and 163 females) from the pretreatment
records of patients attending clinics for orthodontic treatment.
Estimation of dental maturity was carried out using Demirjian
Index [DI] and skeletal maturity using Cervical Vertebrae Matura-
tion Indicators [CVMI]. A highly significant association was found
between DI and CVMI. The results of the study concluded that the
permanent mandibular second molar DI stages are reliable indica-

tors of skeletal maturity [1].

The aim of this research was to investigate the relationships be-
tween the stages of calcification of Mandibular right and left second
molars using Demirjian method and skeletal maturity stages using

cervical vertebrae maturity index (CVMI) among Omani subjects.

Materials and Methods

A sample of 149 healthy “Omani” subjects (71 Males and 78
Females; age range, 8 - 17 years) extracted from the total 360 pa-
tients attended Orthodontic department of Oman Dental College
from January 2012 until January 2015. Assessment of Mandibular
second molar maturation (stages E to H) according to the method

of Demirjian (Figure II) and Skeletal maturity using the cervical
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vertebral maturational (CVM) method (Figure I) looking at pre-
treatment Orthopantogram and Cephalometric radiographs of

Omani Orthodontic patients attended to Oman Dental College.
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Figure I: Schematic representation of the stages of the cervical
vertebral maturation method.
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Methods of assessment was by mean of descriptive statistics,
calculating the chronological ages (grouping subjects into 10
groups; 8-17), Dental (8 Demirjian stages) and Skeletal (6 CVMI
stages). At last Spearman rank order used to find the correlation
between Demirjian and CVMI stages of individuals 2nd molars ac-

cording to their pubertal stages.

Statistical method

All statistical analyses were performed using the Microsoft ex-
cel 2007 and SPSS software package (SPSS for Windows 98, version
10.0, SPSS Inc, Chicago III). Descriptive statistics were obtained by
calculating the means and standard deviations of the chronologi-
cal ages for the the stages of skeletal maturity indicators. To study
the relationship between the stage of mineralization of the teeth
and the stage of skeletal matu-ration, the percentage distribution

of the stages of calcifi~cation for each tooth was calculated. The
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A Cusp tips are calcified but have not vet fused.

B Calcified cusps are united so a outlined occlusal surface is well-defined,

C Enamel formation is complete at the occlusal surface. Dentinal depostion has commenced.

The outlines of the pulp chamber are curved.

D) Crown formation is complete to the cementoenamel junction. The pulp chamber in the uniradicular
teeth is curved, being concave toward the cervical region. In the molars the pulp chamber has a
trapezoid form. The pulp homs are beginning to differentiate. Root formation is seen.

E The walls of the pulp chamber are straight and the pulp homns are more differentiated. The root

length is less than the crown height. In molars the radicular bifurcation is visible.

F The walls of the pulp chamber now form an isosceles triangle. The apex ends in a funnel shape.
The root length is equal to or greater than the crown height. In molars the bifurcation has developed
sufficiently to give the roots a distinct outline with funnel shaped endings.

G The walls of the root canal are now parallel and its apical end is still partially open (distal root in

H The apical end of the root canal is completely closed (distal root in molars). The periodontal
membrane has a uniform width around the root and the apex.

Figure II: Dental calcification stages by Demirjian., et al. (1973), modified by Krailassiri, et al. (2002).

Spearman rank order correlation coefficients were estimated to
measure the association between skeletal maturational indicators
and dental calcification stages of individual teeth, and the statisti-

cal significance of the correlation was tested.

To test the reproducibility of the assessments of skeletal ma-
turity and dental development stage, the same in-vestigator (M.Z)
and second examiner (P.S.V) reevaluated randomly selected lateral

and panoramic radiographs from 30 (20%) of the same male and
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fe-male subjects two weeks after the first evaluation. The differ-
ences between double interpretations were statistically tested.
Interobserver and interobserver agreement for both investigators
were determined in terms of the weighted Kappa statistics for DI
and CVMI. No statistically significant difference in measurements
found between the inter and intra investigators results hence the

data can be counted reliable and reproducible.

Results

Table 1 shows the distribution of sex and chronological ages
for all the subjects, grouped by CVMI stage. Each stage appeared
earlier in Omani female subjects than in Omani male subjects. The

reproducibility of all the assessments was very good.

CVMI stage | Gender | No. of Subjects Ch?;i};;i:il;ge
Stage 1 Male 1 9.0 0.0
Female 4 9.7 0.52
Stage 2 Male 10.35 2.03
Female 13 11.55 1.98
Stage 3 Male 24 12.37 1.17
Female 20 12.17 1.41
Stage 4 Male 15 13.46 1.19
Female 11 13.05 1.3
Stage 5 Male 18 14.8 1.42
Female 18 14.42 1.34
Stage 6 Male 7 15.17 1.28
Female 12 15.2 1.09
Total 149 (71 males, 78 females)

Table 1: Correlation Coefficients between Skeletal (CVMI) and
Dental Maturity (DI 2" molars) Stages of Subjects.

Correlation coefficients between skeletal (CVMI) and dental
maturity stages (DI) of subjects are shown in Table 2. These cor-
relation coefficients indicate that both the right and left second
molars show the highest relationship with skeletal maturity stages
for both sexes among Omani subjects. This was in consistent with
the earlier study of Turkish individuals [10].

Very high correlation coefficients found between dental matu-
rity and pre peak (Table 3), peak (Table 4) and post peak (Table 5)
skeletal growth stages according to Baccetti., et al. (2008). These
findings are highly notable for both Omani males and females’ in-

dividuals.
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Correlation Coefficients
Tooth Male Subjects Female Subjects
r Significance r Significance
Right 2" molar .825 ok .856 ***
Left 2" molar .825 oxk .832 ¥**

Table 2: The distribution of sex and chronological ages for all the
subjects, grouped by CVMI stages.

P<0.01
*** Highly Significant.
Correlation Coefficients
Tooth Male Subjects Female Subjects
r | Significance r Significance
Right 2™ molar | 1.0 ork 1.0 *¥*
Left 2" molar | 1.0 oxk 1.0 ***

Table 3: Correlation Coefficients between Pre Peak Skeletal
growth (CVMI 1,2) and Dental Maturity (DI 2" molars) Stages of

Subjects.
P<0.01
*** Highly Significant.
Correlation Coefficients
Tooth Male Subjects Female Subjects
r | Significance r Significance
Right 2™ molar 1.0 ok 1.0 ***
Left 2" molar 1.0 ok 907 ***

Table 4: Correlation Coefficients between Peak Skeletal growth
(CVMI 3,4) and Dental Maturity (DI 2" molars) Stages of Subjects.

P<0.01

*** Highly Significant.
Tooth Correlation Coefficients
Male Subjects Female Subjects
r | Significance r Significance
Right 2" molar | 1.0 ok 1.0 ***
Left 2" molar | .84 oxk .85 ***

Table 5: Correlation Coefficients between Post Peak Skeletal
growth (CVMI 5,6) and Dental Maturity (DI 2™ molars)
Stages of Subjects.
P<0.01
*** Highly Significant.
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Table 6 shows the associations between CVMI and DI for male
subjects. It is clear that lower stages of DI were associated with
lower CVMI stages and the higher the DI stage, the higher the
CVMI stage. Stage C included the highest percentage distribution
(100%) at stage 1 of the CVMI. Stages E has recorded almost double
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(66.7%) compare to stage F (33.3%) for CVMI stage 2. DI stages F
and G also included a large percentage of CVMI stage 3 subjects.
Stage G displayed a high percent distribution with CVMI stage 4
(86.7%) and 5 (72.2%). Stage H had highest distribution with CVMI
stage 6 (100%).

C D E F G H Total
CVMI1 | Frequency 1 1
Percentage | 100% 100%
CVMI 2 | Frequency 4 2 6
Percentage 66.7% | 33.3% 100%
CVMI 3 | Frequency 5 11 8 24
Percentage 20.8% | 45.8% 57 100%
33.3%
CVMI 4 | Frequency 1 13 1 15
Percentage 6.7% 6 6.7% | 100%
86.7%
CVMI5 | Frequency 13 5 18
Percentage 72.2% 8 100%
27.8%
CVMI 6 | Frequency 7 7
Percentage 100% | 100%
Total Frequency 1 9 14 34 13 71
Percentage | 1.4% 12.6% | 19.7% | 47.9% | 18.4% | 100%

Table 6: Association Between CVMI and DI for Male Subjects.

Table 7 shows the associations between CVMI and DI for female
subjects. It is also evident that lower stages of DI were associated
with lower CVMI stages. Again, the higher the DI stage, the higher
the CVMI stage. Stage D included the highest percentage distri-
bution (76.0%) at stage 1 of the CVMI. Stages E has recorded al-
most double (48.2%) compare to stages D and F that were equally
distributed (33.3%) for CVMI stage 2. DI stages F (35.0%) and G
(55.0%) also included a large percentage of CVMI stage 3 subjects
same as Omani males. Stage G displayed a high percent distribution
with CVMI stage 4 (54.5%) and 5 (55.6%). Similarly, stage H had
highest distribution with CVMI stage 6 (91.7%).

Table 8 shows the associations between DI and CVMI for male
subjects. The highest percentage distribution was for stage C at
CVMI 1. Stages E was almost equally distributed between both
CVMI 2 (44.5%) and CVMI 3 (55.5%). Similarly, stage F was equally

distributed between CVMI stages 4 and 5 (38.5) but it was highly
distributed for CVMI stage 3 (78.5). Stage H was highly distributed
for CVMI stage 6 (53.8).

Table 9 shows the associations between DI and CVMI for fe-
male subjects. The highest percentage distribution was for stage
E at CVMI 2. Stage D was equally distributed between both CVMI 1
(50%) and CVMI 2 (50%). Stage F was highly distributed for CVMI
stages 3 (53.8). Similar to males, stage H was highly distributed for
CVMI stage 6 (52.4).

To better understand tables 8 and 9, we looked at the associa-
tions between each DI and CVMI growth spurts. Table 10 (males)
and table 11 (females) clearly show the association between each
DI and pre, peak and post peak stages of CVMI. Figures 1 and 2 il-

lustrate the same.
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Table 8: Association between DI and CVMI for Male Subjects.

Calcification CVMI 1 CVMI 3 CVMI 5

Stages CVMI 2 CVMI 4 CVMI 6
(%) | (%) | (%) | (%) | (%) | (%)

C

D 50 50

E 11.1| 6.6 |22.3

F 3.1 |53.8 231

G 3.5 |379 | 206|345 |35

H 9.5 38.1 2.4

tion stage and CVMI growth spurts for Omani Males.
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D E F G H Total
CVMI 1 Frequency 3 1 4
Percentage 75.0% | 25.0% 100%
CVMI 2 Frequency 3 6 3 1 13
Percentage 23.1% | 46.2% 23.1% 7.7% 100%
CVMI 3 Frequency 2 7 11 20
Percentage 10.0% 35.0% 57 55.0% 100%
CVMI 4 Frequency 3 6 2 11
Percentage 27.3% 6 54.5% 18.2% 100%
CVMI 5 Frequency 10 8 18
Percentage 5.6% 44.4% 100%
CVMI 6 Frequency 1 11 7
Percentage 8.3% 91.7% 100%
Total Frequency 6 9 13 29 21 78
Percentage 7.7% 11.6% 16.7% 37.1% 26.9% 100%
Table 7: Association Between CVMI and DI for Female Subjects.
Pre-Peak Peak Post-Peak
CVMI 1 CVMI 3 CVMI 5 CVMI
i ot CVMI1and 2) | (CVMI 3 and 4) | (CVMI 5 and 6
Calcification CVMI 2 CVMI 4 6 ( ) (C )| ( )
Stages C 100
(%) | (%) | (%) | (%) | (%) | (%) b
C 100
b E 445 55.5
F 14.2 85.8
E 445 | 55.5
G 61.8 38.2
F 143 | 785 | 7.2
H 7.7 92.3
G 234 | 383 | 383
H 77 385 | 538 Table 10: Percent distribution (%) of each second molar calcifica-

Pre-Peak Peak Post-Peak
(CVMI1and2) | (CVMI3 and4) | (CVMI 5 and 6)
C
D 100
E 77.8 22.2
F 23.1 76.9
G 35 58.6 37.9
H 9.5 90.5

Table 11: Percent distribution (%) of each second molar calcifica-
tion stage and CVMI growth spurts for Omani Females.

Table 9: Association between DI and CVMI for Female Subjects.
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Figure 1: Percent distribution (%) of each second molar calcifica-
tion stage and CVMI growth spurts for Omani Males.

Figure 2: Percent distribution (%) of each second molar calcifica-
tion stage and CVMI growth spurts for Omani Females.

Discussion

Many methods for precise prediction of growth have been sug-
gested [3-5]. Dental maturity, in particular, has the advantage of
easy evaluation during routine dental treatment. Radiation expo-
sure time and dose are high when specialized radiographs are used
(hand-wrist radiographs or lateral cephalograms), making their
use questionable according to the ALARA principle. The ALARA
principle is especially important for children and young adults,
and, hence, high-radiation methods should not be used frequently
to assess growth. The ease of recognizing the stages of dental de-
velopment and the availability of panoramic radiographs are prac-
tical reasons for attempting to assess physiologic maturity with-
out resorting to hand-wrist or lateral cephalometric radiographs.

Others have questioned these latter approaches from the radiation
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safety point of view. In addition, the cost of the equipment that is

required for these radiographs is high, making them expensive.

It has long been contended that dental eruption, which is the
most conspicuous and easily determined indicator of dental matu-
ration, is much more variable in its timing than skeletal matura-
tion [13,37]. According to Nolla [13], dental eruption has also been
reported to be more variable than the calcification sequence in the
dentition. Many studies have reported high correlations between
tooth calcification stages and skeletal matu-rity indicators, which
would probably allow clinicians to more easily identify pubertal
growth stages from panoramic radiographs [4,5,13,15,17,21-
26,28,29]. On the other hand, Lewis and Garn [14] Garn., et al.
[30] and Tanner [31] reported low or insignificant correlations
between skeletal and dental maturation. The lack of agreement
among previous studies is a result, at least in part, of the different

methods used for assessing skeletal and dental maturity.

Previously it was reported [21-25] that tooth calcification
stages from panoramic radiographs might be clinically useful as a
maturity indicator of pubertal growth and that mandibular second
molar calcification showed the highest correlation with skeletal
maturity versus other teeth. Racial variations in the relationships
between the calcification stages of individual teeth and skeletal

maturity also have been reported [1,24-26].

The present radiographic study was therefore taken up to as-
sess the reliability of using the developmental stages of mandibular
second molars as an indicator of maturity in an Arab population,
Omani individuals. Choice of second molar tooth offers an advan-
tage over other teeth because its development tends to continue
over a longer period and until a later age. Apex closure generally

extends up to the age of 16 years in normal children.

In this study, mandibular second molars maturity index used
because estimation errors occur more frequently in calculating the
maturation of maxillary molars than that of mandibular molars.
Sometimes the maxillary molar roots overlap with anatomic struc-
tures such as the palate, the inferior border of the zygomatic arch,
or the maxillary sinus septum. This makes it difficult to observe the
roots [32].

It has long been contended that dental eruption, which is the
most conspicuous and easily determined indicator of dental matu-
ration, is much more variable in its timing than skeletal matura-
tion [19,33]. According to Nolla [19] dental eruption has also been

reported to be more variable than the calcification sequence in the
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dentition. Dental eruption is a fleeting event that is under greater
environmental influence [18]. In the present study, calcification
stages of teeth, rather than eruption, were preferred because tooth
formation is proposed as a more reliable criterion for determining
dental maturation [19]. Therefore, the dental maturity assessment
stages of Demirjian., et al. [18] were used. This method showed
high accuracy when applied to Omani populations. This method's
criterion consists of distinct details based on shape criteria and
proportions of root length, using the relative value versus crown
height, rather than on absolute length. Therefore, foreshortened or
elongated projections of developing teeth will not affect the reli-

ability of assessment [24].

Several studies [21-25] have indicated that each CVMI stage
consistently appears earlier in girls than in boys. Thus, the observa-
tions of the present study are in line with earlier studies (Table 1).
We considered the D], relative to CVMI, separately for male and fe-
male subjects. The findings of Krailassiri., et al [24] and Uysal,, et al.
[25] indicated that the maturation patterns of tooth development
in male subjects tend to be more advanced versus female subjects
in relation to skeletal maturity stages. Chertko [1] reported that a
markedly more advanced trend in tooth calcification was evident
among both black and white boys. In this study, it was determined
that at the same CVMI, male subjects had a more advanced trend in
DI, and the opposite pattern was present in female subjects. These

findings confirm previous reports [1,24,25].

The present study revealed a highly significant association be-
tween the DI of mandibular second molars and the CVMI (Table
2). The relationship between skeletal maturity and peak height ve-
locity (PHV) is well established [3,8,9,36]. Fishman [8], Hagg and
Taranger [9], and Bjork and Helm [36] found that the appearance of
the adductor sesamoid of the thumb indicate the beginning of the
pubertal growth spurt (onset of PHV), which corresponds to stage
2 of CVMI [37]. For both sexes, DI stage E showed the highest per-
cent distribution at stage 2 of CVMI, which signifies the pre-peak of
pubertal growth spurt or onset of PHV. Bjork and Helm [36]. found
that the MP3cap stage heralds the peak of the pubertal growth
spurt, which corresponds to Fishman's skeletal maturity indicator
6 (stage 3 of the CVMI [37]). In the present study, for both male
and female subjects, stages F and G corresponded to CVMI stages
3 and 4, which infers that DI stages F and G represent the peak of
the pubertal growth spurt. This finding supports the suggestions of
previous studies [21,25]. Fishman's skeletal maturity indicator 11
corresponds to CVMI stage 5 [37], and the fusion of the epiphysis
and diaphysis of the radius (which signifies the end of growth) cor-
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responds to CVMI stage 6 [37]. Stage H displayed a higher percent
distribution with stage 5 and 100% distribution with stage 6 of the
CVMLI. DI stage H suggests no remaining adolescent growth [38].

The unique and significant findings from the present study im-
ply that the stages of mandibular second molar calcification as ob-
served on panoramic radiographs give very accurate results and
can be considered reliable indicators of skeletal maturity with the
methodology suggested by Demirjian., et al. in Omani 8-17 years

old males and females population [18].

Conclusion

o Highly significant association (0.825 for males and 0.856
for females) was found between DI and CVMI amongst
Omani 8-17 years old individuals.

o DI stage Cin males and stage D in females corresponded to
pre-peak of CVMI. For both males and females stages F and
G corresponded to peak of CVM], stage H was associated
with post peak of CVMI.

o  There was no difference between right and left mandibu-
lar second molar maturity index for both Omani males and
females.

o Itcanbe concluded that mandibular second molar DI stages
are a reliable indicator of skeletal maturity and can be used
as clinical tool in predicting the skeletal maturity stages of
8-17 years old Omani males and females’ individuals.

Bibliography

1. Chertkow S. “Tooth mineralization as an indication of the
pubertal growth spurt”. American Journal of Orthodontics 77
(1980): 79-91.

2. Fishman LS. “Chronological versus skeletal age, an evaluation
of craniofacial growth”. The Angle Orthodontist 49 (1979): 181-
189.

3. Demirjian A, et al. “Interrelationships among measures of so-
matic, skeletal, dental, and sexual maturity”. American Journal
of Orthodontics 88 (1985): 433-438.

4. Chertkow S and Fatti P. “The relationship between tooth min-
eralization and early evidence of the ulnar sesamoid”. The An-
gle Orthodontist 49 (1979): 282-288.

5. Sierra AM. “Assessment of dental and skeletal maturity. A new
approach”. The Angle Orthodontist 57 (1987): 194-198.

6. Bjork A. “Timing of interceptive orthodontic measures based
on stages of maturation”. Transactions of the European Orth-
odontic Society 48 (1972): 61-74.

Citation: Mohammad Zeinalddin,, et al. “Relationships between the Mandibular Second Molars Calcification Stages and Skeletal Maturity Indicators in
Omani Subjects - A Cross Sectional Descriptive Study”. Acta Scientific Dental Sciences 3.1 (2019): 101-110.


https://www.ajodo.org/article/0002-9416(80)90226-2/abstract
https://www.ajodo.org/article/0002-9416(80)90226-2/abstract
https://www.ajodo.org/article/0002-9416(80)90226-2/abstract
https://www.ncbi.nlm.nih.gov/pubmed/225970
https://www.ncbi.nlm.nih.gov/pubmed/225970
https://www.ncbi.nlm.nih.gov/pubmed/225970
https://www.ncbi.nlm.nih.gov/pubmed/3864376
https://www.ncbi.nlm.nih.gov/pubmed/3864376
https://www.ncbi.nlm.nih.gov/pubmed/3864376
https://www.angle.org/doi/10.1043/0003-3219(1979)049%3C0282:TRBTMA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1979)049%3C0282:TRBTMA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1979)049%3C0282:TRBTMA%3E2.0.CO;2
https://www.ncbi.nlm.nih.gov/pubmed/3477967
https://www.ncbi.nlm.nih.gov/pubmed/3477967
https://www.ncbi.nlm.nih.gov/pubmed/4363429
https://www.ncbi.nlm.nih.gov/pubmed/4363429
https://www.ncbi.nlm.nih.gov/pubmed/4363429

Relationships between the Mandibular Second Molars Calcification Stages and Skeletal Maturity Indicators in Omani Subjects - A Cross

Sectional Descriptive Study

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Grave K. “The use of the hand and wrist radiograph in skeletal
age assessment and why skeletal age assessment is impor-
tant”. Australasian Orthodontic Journal 13 (1994): 96.

Fishman LS. “Radiographic evaluation of skeletal maturation”.
The Angle Orthodontist 52 (1982): 88-112.

Ha"gg U and Taranger ]. “Skeletal stages of the hand and wrist
as indicators of the pubertal growth spurt”. Acta Odontologica
Scandinavica 38.3 (1980): 187-200.

Tancan Uysal. “Relationships between Dental and Skeletal Ma-
truity in Turkish Subjects”. The Angle Orthodontist 74 (2004):
657-664.

Hassel B and Farman AG. “Skeletal maturation evaluation us-
ing cervical vertebrae”. American Journal of Orthodontics and
Dentofacial Orthopedics 107 (1995): 58-66.

Anderson DL, et al. “Interrelationships of dental maturity,
skeletal maturity, height and weight from age 4 to 14 years”.
Growth 39.4 (1975): 453-462.

Coutinho S, et al. “Relationship between mandibular canine
calcification stages and skeletal maturity”. American Journal
of Orthodontics and Dentofacial Orthopedics 104 (1993): 262-
268.

Lewis AB and Garn SM. “The relationship between tooth for-
mation and other maturational factors”. The Angle Orthodon-
tist 30 (1960): 70-77.

Demisch S and Wartmann C. “Calcification of mandibular third
molar and its relationship to skeletal and chronological age in
children”. Child Development 27 (1956): 459-473.

Green LJ. “Interrelationship among height, weight and chron-
ological, dental and skeletal age”. The Angle Orthodontist 31
(1961): 189-193.

Engstrom C., et al. “Lower third molar development in relation
to skeletal maturity and chronological age”. The Angle Ortho-
dontist 53 (1983): 97-106.

Demirjian A, et al. “A new system of dental age assessment”.
Human Biology 45 (1973): 211-227.

Nolla CM. “The development of the permanent teeth”. Journal
of Dentistry for Children 27 (1960): 254-263.

Hotz R, et al. “Calcification time of permanent teeth in rela-
tion to chronological and skeletal age in children”. Helvetica
Odontologica Acta 3 (1959): 4-9.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

109

Mittal S, et al. “Co-relation between determination of skeletal
maturation using cervical vertebrae and dental calcification
stages”. The Internet Journal of Biological Anthropology 4.2
(2011).

Rai B. “Relationship of dental and skeletal radiograph: matu-
rity indicator”. The Internet Journal of Biological Anthropology
2.1 (2008).

Rai B and Anand SC. “Relationship of hand wrist and pan-
oramic radiographs”. The Internet Journal of Forensic Science
3.1(2008).

Krailassiri S., et al. “Relationship between dental calcification
stages and skeletal maturity indicators in Thai individuals”.
The Angle Orthodontist 72 (2002): 155-166.

Uysal T, et al. “Relationships between dental and skeletal ma-
turity in Turkish subjects”. The Angle Orthodontist 74 (2004):
657-664.

Mappes MS,, et al. “An example of regional variation in the
tempos of tooth mineralization and hand-wrist ossification”.
American Journal of Orthodontics and Dentofacial Orthopedics
101 (1992): 145-151.

Landis JR and Koch GG. “The measurement of observer agree-
ment for categorical data”. Biometrics 33 (1977): 159-174.

Hareesha KB and Babu NC. “Co-relation between mandibular
canine calcification stages and skeletal maturity’. Journal of In-
ternational Oral Health 2.3 (2010): 41-47.

Lauterstein AM. “A cross-sectional study in dental develop-
ment and skeletal age”. Journal of the American Dental Associa-
tion 62 (1961): 161-167.

Garn SM,, et al. “Third molar formation and its developmental
course”. The Angle Orthodontist 44 (1962): 270-276.

Tanner JM. “Growth at Adolescence”. 2nd ed. Oxford, UK: Black-
well Scientific Publications (1962): 55-93.

Cho SM and Hwang CJ. “Skeletal maturation evaluation using
mandibular third molar”. The Korean Journal of Orthodontics
39 (2009): 120-129.

Van der Linden FP. “Transition of the Human Dentition”. Ann
Arbor, Mich: Center for Human Growth and Development, Uni-
versity of Michigan (1979).

Rai B,, et al. “Accuracy of the Demirjian Method for the Haryana
Population”. The Internet Journal of Dental Science 6.1 (2008).

Citation: Mohammad Zeinalddin,, et al. “Relationships between the Mandibular Second Molars Calcification Stages and Skeletal Maturity Indicators in
Omani Subjects - A Cross Sectional Descriptive Study”. Acta Scientific Dental Sciences 3.1 (2019): 101-110.


https://www.ncbi.nlm.nih.gov/pubmed/8975656
https://www.ncbi.nlm.nih.gov/pubmed/8975656
https://www.ncbi.nlm.nih.gov/pubmed/8975656
https://www.ncbi.nlm.nih.gov/pubmed/6980608
https://www.ncbi.nlm.nih.gov/pubmed/6980608
https://www.ncbi.nlm.nih.gov/pubmed/6932165
https://www.ncbi.nlm.nih.gov/pubmed/6932165
https://www.ncbi.nlm.nih.gov/pubmed/6932165
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/7817962
https://www.ncbi.nlm.nih.gov/pubmed/7817962
https://www.ncbi.nlm.nih.gov/pubmed/7817962
https://www.ncbi.nlm.nih.gov/pubmed/173623
https://www.ncbi.nlm.nih.gov/pubmed/173623
https://www.ncbi.nlm.nih.gov/pubmed/173623
https://www.ncbi.nlm.nih.gov/pubmed/8362788
https://www.ncbi.nlm.nih.gov/pubmed/8362788
https://www.ncbi.nlm.nih.gov/pubmed/8362788
https://www.ncbi.nlm.nih.gov/pubmed/8362788
https://www.angle.org/doi/10.1043/0003-3219(1960)030%3C0070:TRBTFA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1960)030%3C0070:TRBTFA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1960)030%3C0070:TRBTFA%3E2.0.CO;2
https://www.ajodo.org/article/0002-9416(57)90029-5/abstract
https://www.ajodo.org/article/0002-9416(57)90029-5/abstract
https://www.ajodo.org/article/0002-9416(57)90029-5/abstract
https://www.angle.org/doi/10.1043/0003-3219(1961)031%3C0189:TIAHWA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1961)031%3C0189:TIAHWA%3E2.0.CO;2
https://www.angle.org/doi/10.1043/0003-3219(1961)031%3C0189:TIAHWA%3E2.0.CO;2
https://www.angle.org/doi/pdf/10.1043/0003-3219%281983%29053%3C0097%3ALTMDIR%3E2.0.CO%3B2
https://www.angle.org/doi/pdf/10.1043/0003-3219%281983%29053%3C0097%3ALTMDIR%3E2.0.CO%3B2
https://www.angle.org/doi/pdf/10.1043/0003-3219%281983%29053%3C0097%3ALTMDIR%3E2.0.CO%3B2
https://www.ncbi.nlm.nih.gov/pubmed/4714564
https://www.ncbi.nlm.nih.gov/pubmed/4714564
https://www.dentalage.co.uk/wp-content/uploads/2014/09/nolla_cm_1960_development_perm_teeth.pdf
https://www.dentalage.co.uk/wp-content/uploads/2014/09/nolla_cm_1960_development_perm_teeth.pdf
https://ispub.com/IJFS/4/2/5855
https://ispub.com/IJFS/4/2/5855
https://ispub.com/IJFS/4/2/5855
https://ispub.com/IJFS/4/2/5855
https://print.ispub.com/api/0/ispub-article/9842
https://print.ispub.com/api/0/ispub-article/9842
https://print.ispub.com/api/0/ispub-article/9842
https://print.ispub.com/api/0/ispub-article/6562
https://print.ispub.com/api/0/ispub-article/6562
https://print.ispub.com/api/0/ispub-article/6562
https://www.ncbi.nlm.nih.gov/pubmed/11999939
https://www.ncbi.nlm.nih.gov/pubmed/11999939
https://www.ncbi.nlm.nih.gov/pubmed/11999939
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/15529501
https://www.ncbi.nlm.nih.gov/pubmed/1739069
https://www.ncbi.nlm.nih.gov/pubmed/1739069
https://www.ncbi.nlm.nih.gov/pubmed/1739069
https://www.ncbi.nlm.nih.gov/pubmed/1739069
https://www.ncbi.nlm.nih.gov/pubmed/843571
https://www.ncbi.nlm.nih.gov/pubmed/843571
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09767428&AN=60588036&h=FxOu7tom4qlvU8VC3%2fzmI83htOYqZFpSzRLaKCnkNEVWoMUC8VkcsgV2AduDTatuPZEUq%2bwnxGQWuv7FKBSnjg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d09767428%26AN%3d60588036
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09767428&AN=60588036&h=FxOu7tom4qlvU8VC3%2fzmI83htOYqZFpSzRLaKCnkNEVWoMUC8VkcsgV2AduDTatuPZEUq%2bwnxGQWuv7FKBSnjg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d09767428%26AN%3d60588036
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09767428&AN=60588036&h=FxOu7tom4qlvU8VC3%2fzmI83htOYqZFpSzRLaKCnkNEVWoMUC8VkcsgV2AduDTatuPZEUq%2bwnxGQWuv7FKBSnjg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d09767428%26AN%3d60588036
https://www.sciencedirect.com/science/article/abs/pii/S0002817761220046
https://www.sciencedirect.com/science/article/abs/pii/S0002817761220046
https://www.sciencedirect.com/science/article/abs/pii/S0002817761220046
https://www.angle.org/doi/10.1043/0003-3219%281962%29032%3C0270%3ATMFAID%3E2.0.CO%3B2
https://www.angle.org/doi/10.1043/0003-3219%281962%29032%3C0270%3ATMFAID%3E2.0.CO%3B2
https://print.ispub.com/api/0/ispub-article/11164
https://print.ispub.com/api/0/ispub-article/11164

Relationships between the Mandibular Second Molars Calcification Stages and Skeletal Maturity Indicators in Omani Subjects - A Cross
Sectional Descriptive Study

110
35. Olze A, et al. “Validation of common classification systems for

assessing the mineralization of third molars”. International
Journal of Legal Medicine 119 (2015): 22-26.

36. Bjork A and Helm S. “Prediction of the age of maximum puber-
tal growth in body height”. The Angle Orthodontist 37 (1967):
134-143.

37. Kamal M, et al. “Comparative evaluation of hand wrist radio-
graphs with cervical vertebrae for skeletal maturation in 10-
12 years old children”. Journal of Indian Society of Pedodontics
and Preventive 24 (2006): 127-135.

Volume 3 Issue 1 January 2019
© Allrights are reserved by Mohammad Zeinalddin.,
etal

Citation: Mohammad Zeinalddin,, et al. “Relationships between the Mandibular Second Molars Calcification Stages and Skeletal Maturity Indicators in
Omani Subjects - A Cross Sectional Descriptive Study”. Acta Scientific Dental Sciences 3.1 (2019): 101-110.


https://www.ncbi.nlm.nih.gov/pubmed/15538611
https://www.ncbi.nlm.nih.gov/pubmed/15538611
https://www.ncbi.nlm.nih.gov/pubmed/15538611
https://www.ncbi.nlm.nih.gov/pubmed/4290545
https://www.ncbi.nlm.nih.gov/pubmed/4290545
https://www.ncbi.nlm.nih.gov/pubmed/4290545
https://www.ncbi.nlm.nih.gov/pubmed/17065779
https://www.ncbi.nlm.nih.gov/pubmed/17065779
https://www.ncbi.nlm.nih.gov/pubmed/17065779
https://www.ncbi.nlm.nih.gov/pubmed/17065779

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

