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Comparison of Dental Age and Skeletal Maturity
in Korean Children with Skeletal Malocclusion
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——Abstract

The purpose of this study was to compare skeletal maturity index and dental developmental stages based on
skeletal malocclusion.

A total of 192 patients (89 male and 103 female) between 6 to 14 years old were selected for this study and
underwent cephalograms, panorama radiographs, and hand-wrist radiographs. Any syndromic cases were ex-
cluded. Selected clinical parameters were dichotomised for statistical analysis. Chi-square, logistic regression
analysis, and independent t-tests were used for the statistical evaluation.

Canine, first molar, and second molar calcification were significantly associated with skeletal maturity in the
logistic regression model (p < 0.05). In addition, patients who had higher skeletal maturity index were 11.43
times more likely to be female than those who had lower skeletal maturity index (p < 0.001). The patients with
skeletal class II malocclusion displayed significantly higher dental developmental stage in canines, first premo-
lars, first molars, and second molars than the patients with class III malocclusion (p < 0.05).

The dental developmental stage of the patients was significantly associated with skeletal maturity. In addi-
tion, there was a significant difference between class II and class III malocclusion with some types of tooth calci-
fication.
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[ . Introduction

Determining skeletal maturity index and dental devel-
opmental stage are essential when form a scheme the
orthodontic treatment plans for young patients”. Since
use of functional appliance or extraoral appliances can
be used until growth stops, it is important to know de-
velopment stages to form a scheme for orthodontic treat—
ment?. The success and failure on early orthodontic
treatment is doing the treatment at an appropriate time,

especially for growing children. As this paper is mainly
based on comparing and analyzing the relationship be-
tween skeletal maturity index and dental developmental
stage, this research will be very useful on finding out the
adequate point of time on growth stage. To determine
precise developmental stages, chronological age, skeletal
maturity index and tooth calcification are used. Within a
similar chronological age range, children may display in-
dividual discrepancies in their skeletal maturity index
and dental developmental stage”. Because variability of
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chronological ages are larger, skeletal stages are often
used to determine the developmental stage. Skeletal
maturation development stages of Fishman is commonly
used because of its oraganized and simple way to deter—
mine the level of maturation”. Tooth developmental
stages are determined by erupting stage or calcification
stage. Since variation of tooth eruptions are often ob-
served by delayed eruption of permanent tooth, ankylo-
sis and other local factors, Demirjian' s method based on
stages of tooth development is widely used because of its
simplicity and accuracy”.

Even though Demirjian found that dental developmen-
tal stage and skeletal development are irrelevant, there
have been many reports on the association between den—
tal developmental stage and skeletal maturity index.
There are other report that calcifications stage of lower
canine and pubertal age has a close relationship”. In ad-
dition, the chronological age of patients also has a close
association with skeletal maturity index and dental de-

2.7)

velopmental stage®”. As growth and development accom-
pany both skeletal maturity index and dental develop-
mental stage, a close association between these parame-
ters is expected and observed.

There was a lot of studies about comparing and ana-
lyzing the relationship between skeletal maturity index
and dental development stage, but studies about com-
paring and analyzing the relationship between skeletal
maturity index and dental developmental stage, depend-
ing on skeletal malocclusion are very few. The different
growth velocity between skeletal class II and other was
observed, which tells us that late eruption of the
mandibular molars has a close relation with class II mal-
occlusion®. In addition, long face has a trend to have an
advanced dental maturation than short face among same
chronological age people” and skeletal open bite has ear—
lier development tendency than skeletal deep bite'”.

However, there is almost no report on dental develop-
ment stages association with skeletal class I, II, III de-
termined by APDI (anteroposterior dysplasia indicator)
value which demonstrates maxilla and mandible over-
growth or undergrowth differenciation. Many studies
about comparing and analyzing the relationship between
skeletal maturity index and dental developmental stage
have been introduced, but this paper will probably be
the one of the first research with Korean children and so
will provide a significant information to other paediatric
dentists. The purpose of this study was to compare
skeletal maturity index and dental developmental stage
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based on skeletal malocclusion.
I . Materials and Methods
1. Subjects

This study was approved by our local institutional re-
view board and was performed in accordance with the
Helsinki Declaration. A total of 237 patients were re-
viewed for this study. The inclusion criteria were (1) pa-
tient age between 6 and 14 years old, (2) patients visit-
ing for orthodontic consultation from 2010 to 2012 years,
and (3) patients having radiographic evaluation. The ex-
clusion criteria were (1) patients with medical histories
that included injuries to the face or hands that disturb
proper growth, (2) patients with any missing teeth in the
left mandible, (3) patients who have syndromic disease,
and (4) patients with poor-quality radiographs. After ex-
clusion, a total of 192 patients, consisting of 89 males
and 103 females, were enrolled in this study. All patients
underwent cephalograms, panorama radiographs, and
hand-wrist radiographs. Skeletal malocclusion was evalu-
ated based on lateral cephalogram tracing. The classifica-
tion criteria were based on a previous publication. Briefly,
the anterior posterior skeletal relationship of the maxilla
and mandible was classified as skeletal class I, II, or III
using the APDI value (class II: APDI < 76.69, class I:
APDI 76.69-85.39, and class III: APDI > 85.39).

2. Evaluation of dental developmental stage progress

For this particular study, Demirjian' s method was uti-
lized for analysis of dental developmental stage (Fig. 1)°.
Using Demirjian' s method, it was concluded that the
growth stages of the left and right teeth appeared to have
been the same, allowing the experimenter to examine the
left mandiblar teeth for evaluation of dental developmental
stage.

3. Analysis of skeletal maturity index

In this experiment, the growth stages of patient skele-
tal maturity index were determined using Fishman's
method. Hand-wrist radiographs of the skeletal maturity
index taken from a total of 192 experiment subjects were
sorted using Fishman's method and then subsequently
categorised into 11 different stages using Skeletal
Maturity Indicators (Fig. 2)".
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Fig. 1. Developmental stages of the permanent dentition.

A: There is no fusion, but there is calcification at the superior crypt.

B: Calcified points are fused to unite the occlusal surface.

C: At the occlusal surface, enamel formation is completed. Dentinal depo-
sition is observed.

D: Crown formation is completed at the cementoenamel junction. The
pulp horns are beginning to differentiate. Root formation is observed.

E: Pulp chamber is now observed by straight lines except for the pulp
horn. Crown height is longer than the root length.

F: The pulp horn is beginning to display a semi-lunar figure for bifurca-
tion teeth and a triangle form for uniradicular teeth. Crown height is
equal or less than root length.

G: Root formation is almost complete,but its apical end is still open.

H: Both root formation and periodontal ligament formation is completed.

4. Statistical methods

The samples were analysed using the chi-square test,
logistic regression models, and the independent sample t
test. The recorded data were analysed using the SPSS
(Statistical Package for the Social Sciences) program.
The indices allocated to reflect the dental developmental
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Fig. 2. Eleven skeletal maturity indicators (SMIs).

1: The width of the epiphysis of the third finger proximal phalanx is as
wide as the diaphysis.

2: The width of the epiphysis of the third finger middle phalanx is as wide
as the diaphysis.

3: The width of the epiphysis of the fifth finger middle phalanx is as wide
as the diaphysis.

4: Ossification of the sesamoid of the thumb is observed.

5: Capping of the epiphysis of the third finger distal phalanx.

6: Capping of the epiphysis of the thirdfinger middle phalanx.

7: Capping of the epiphysis of the fifth finger middle phalanx.

8: Fusion of the epiphysis and diaphysis at the third finger distal phalanx.

9: Fusion of the epiphysis and diaphysis at the third finger proximal pha-
lanx.

10: Fusion of the epiphysis and diaphysis at the third finger proximal pha-

lanx.
11: Fusion of epiphysis and diaphysis at the radius.

stage, chronological age, and the others were di-
chotomised based on the average value for bivariate
analysis and logistical regression analysis. A chi-square
test was used to determine the association between each
of the independent variables and the dichotomous de-
pendent variables. Stepwise logistical regression was
then used to determine the factors associated with
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skeletal maturity index. The statistical significance of
the coefficients in the logistic regression models was
tested using Wald statistics. The odds ratios and confi-
dence intervals were calculated from the regression coef-
ficients. The differences of selected clinical parameters
between the class II malocclusion and class III malocclu-
sion groups were compared with an independent sample
t test. The significance level was set as p < 0.05.

Il. Results

The average of each variable is listed in Table 1. The
skeletal maturity index was 5.97 + 3.65 years. The
dental developmental stage of the lower left canine was
7.00 £ 1.07 years. The lower left first premolar dental
developmental stage was 6.78 + 1.24 years. The lower
left second premolar dental developmental stage was
6.51 = 1.30 years. The lower left first molar dental de—
velopmental stage was 7.71 £ 0.50 years, and the lower
left second molar dental developmental stage was 6.03
+ 1.40 years.

The bivariate analysis revealed a significant difference
between selected clinical parameters and skeletal matu-
rity index (Table 2). The multivariate logistic regression
model indicated some relation between skeletal maturity
index and selected clinical parameters (Table 3). The
patients who had higher skeletal maturity index were
11.43 times more likely to be female than those having a

lower skeletal maturity index. The patients who had
higher skeletal maturity index were 20.62 times more
likely to have canine calcification than those patients
with a lower skeletal maturity index. The patients who
had higher skeletal maturity index were 6.32 times more
likely to have first molar calcification than patients with
a lower skeletal maturity index. The patients who had
higher skeletal maturity index were 9.78 times more
likely to have second molar calcification than patients
having a lower skeletal maturity index. There was no re-
lation between skeletal maturity index and premolar cal-
cification.

Table 1. The number of groups by skeletal malocclusion and mean age of
subject by gender and skeletal maturity

Skeletal maturity index 5.97 & 3.65 years
Age (years) 10.87 £ 2.11 years
Class I 108 (56.2%)
I 36 (18.7%)
I 50 (26.2%)
Sex Male (n) &9
Female (n) 103
Dental age Canine 7.00 &= 1.07 years
First premolar 6.78 += 1.24 years
Second premolar 6.51 & 1.30 years
First molar 7.71 £ 0.50 years
Second molar 6.03 £ 1.40 years

Mean + standard deviation

Table 2. Chi square analysis of bone age and skeletal Class II and III malocclusion in the clinical variables

. Bone age Class IIT compared to Class 11
VB n % Persons  Chi-square  p-value n % Persons  Chi-square p-value
Age 10.87 > 18 21.69 16 44.44
10.87 < 65 78.31 74.81 * 20 55.56 1.84 NS
Sex Male 54 65.06 14 38.89
Female 29 34.94 19.20 * 22 61.11 2.63 NS
Canine 7.00 > 56 67.47 8 2222
7.00 < 27 32.53 97.71 * 28 71.78 736 0.007*
First premolar 6.78 > 64 77.11 10 27.78
6.78 < 19 22.89 96.34 * 26 72.22 6.81 0.009*
Second premolar 6.51> 69 83.13 16 44.45
6.51 < 14 16.87 92.14 * 20 55.56 25 NS
First molar 7.71> 51 61.45 8 2223
771 < 32 38.55 80.94 * 28 71.78 843 0.004*
Second molar 6.03> 72 86.75 14 38.89
6.03 < 11 13.25 93.34 * 22 61.11 43 0.038*

Chi-square test ( * : p <0.05)
NS : no significant
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Table 3. Association between selected variables and the bone age
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0,
Variables Beta Coefficient (SE) Odd ratio p-value L P
ower Upper
Sex 2.436 (0.692) 11.43 <0.001 2.941 4.405
Dental age Canine 3.026 (1.177) 20.62 0.010* 2.052 207.191
First premolar 0.252 (0.936) 1.29 NS 0.205 8.063
Second premolar 0.205 (0.959) 1.23 NS 0.187 8.030
First molar 1.843 (0.926) 6.32 0.046* 1.029 38.755
Second molar 2.281 (0.938) 9.78 0.015* 1.556 61.513
multivariate logistic regression analysis ( * : p <0.05)
NS : no significant
Table 4. Comparison of Class Il and Class III in the clinical variables
Variables Class IT Class IIT p-value
Sex 0.61 + 049 0.46 + 0.50 NS
Age 11.05 + 1.94 10.28 + 2.61 NS
Bone age 6.44 + 3.06 5.08 £+ 3.95 NS
Dental age Canine 7.20 £ 0.79 6.74 £ 1.27 0.044*
First premolar 7.11 £ 0.88 6.44 + 1.45 0.010*
Second premolar 6.70 = 1.11 624 +1.53 NS
First molar 7.8 +0.40 7.56 = 0.54 0.022%
Second molar 640 + 1.14 5.73 = 1.60 0.029*

Regression analysis ( * : p <0.05)
NS : no significant

The bivariate analysis indicated significant differences
between some dental developmental stages and class II
and III classifications (Table 2). The difference in dental
developmental stage between groups is listed in Table 4.
The dental developmental stage of the canines was sig-
nificantly different between the class II and class III
groups. The dental developmental stage of the canines in
the class II group was 7.29 + 0.79 years and in the
class III group was 6.74 £ 1.27 years. The dental devel-
opmental stage of the first premolars in the class II
group was 7.11 = 0.88 years, but it was 6.44 =+
1.4byears in the class III groups. There was also a sig-
nificant difference between groups in the first molar and
second molars. The dental developmental stage of the
first molars in the class II group was 7.80 = 0.40 years,
but it was 7.56 *+ 0.54 years in the class III group. The
dental developmental stage of the second molars in the
class II group was 6.40 + 1.14 years, but it was 5.73 *+
1.60 years in the class III group. However, there was no
significant difference between groups in the dental devel-
opmental stage of the second premolars.
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IV. Discussion

In this study, the association between the dental de-
velopmental stage of each tooth and selected clinical pa-
rameters was examined. The dental developmental
stages of the canine, first molar, and second molar were
significantly associated with skeletal maturity index in
the multivariate logistic regression mode. The dental de-
velopmental stages of the canine, first premolar, first
molar, and second molar were significantly different be-
tween the class II and class III groups.

The relation between skeletal maturity and dental de-
velopment has been controversial. Hagg et al. claimed
that skeletal maturity and dental development do not
have a significant association'”. However, Suma'® and

Krailassisi'”

reported there is a significant association
between skeletal maturity index and dental developmen-
tal stage. In our study, there was significant association
between the skeletal maturity index and the chronologi-
cal age. Chertkow” reported that males have a higher

skeletal maturity index than females. In this study,
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there was a significant association between sex and
skeletal maturity index. The patients who had a higher
skeletal maturity index were 11.43 times more likely to
be female than those having a lower skeletal maturity
index. The conflicting results with previous studies
might be due to earlier increases in skeletal maturity in-
dex in female patients than in male patients. The peak
high velocity in females occurs earlier than that in
males™.

There have been few reports examining dental devel-
opmental stage and skeletal maturity index. The maxil-
lary second molar may erupt earlier with class II maloc-
clusion compared with class I malocclusion'”. In the
same study, there was no association between skeletal
malocclusion and calcification except for the second mo-
lar'®. The early calcification of the teeth may be an indi-
cator of early termination of skeletal growth. In some
syndromic cases, such as cleidocranial dysplasia, pa-
tients display delayed eruption of teeth, short stature
and an underdeveloped mandible'”. However, it is very
hard to explain the relation between the first premolar
calcification and the facial skeletal growth. Therefore, we
analysed the difference between the patients having
mandibular undergrowth and the patients having
mandibular overgrowth in regards to tooth calcification.

A comparison of the chronological age between the
class II and class III groups revealed no significant dif-
ference. Therefore, there was no sampling bias between
the class II and class III groups in terms of chronological
age. As skeletal maturity index is a similar concept to
chronological age, it also did not display any significant
difference between the groups. Interestingly, there was a
significant difference between groups in canine, first pre-
molar, first molar and second molar calcification. The
ANB angle (Angle between A point, Nasion, B point)
and the distance between the ANS (anterior nasal
spine) and PNS (posterior nasal spine) have positive
correlation to earlier calcification of the maxillary mo-
lars18). As the ANB angle is larger in class II patients
than class III patients, class II patients display earlier
calcification and higher dental developmental stage than
class III patients. Our results also indicated that class II
patients displayed significantly higher dental develop-
mental stage than class III patients except for the sec-
ond premolars.

As chronological age increases, skeletal maturity index
will also be accordingly higher. Therefore, the sampling
bias has a high impact on the final statistical results.
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For example, if the class III group had many elderly pa-
tients, the skeletal maturity index and dental develop—
mental stage in the class III group would be higher than
the other groups. In this study, chronological age was
significantly associated with skeletal maturity index ex-
pected. However, there was no significant difference be-
tween the class II group and class III group in chronolog-
ical age. Thus, there was no significant sampling bias
between the class II group and class III group. The main
limitation of our current preliminary study was the size
of the sample in each group, which was insufficient to
avoid sampling bias. This limitation should be consid-
ered in interpreting the results.

The data of tooth maturity of canine, first premolar,
second premolar, first molar, and second molar shows
that the skeletal maturation stage is significantly related
to skeletal class III group as well as skeletal class II
malocclusion group.

The results of this research shows correlation between
skeletal maturity index and the chronological age which
is similar to previous reports. Furthermore, there was a
difference between gender. Patients who had a higher
skeletal maturity index were 11.43 times more likely to
be female than those having a lower skeletal maturity
index. The tendency of earlier occurrence of peak high
velocity in females may have affected the result.

A comparison of the chronological age between the
class II and class III groups revealed no significant dif-
ference. However, class II patient displayed higher den-
tal developmental stage than class III patients in all
teeth except for the second premolars.

Even though the dental developmental stages of the
canine, first molar, and second molar were significantly
associated with skeletal maturity index, there was no
significant relationship between skeletal maturity index
and premolar calcification. We may assume that younger
samples might be the cause.

V. Conclusion
In conclusion, dental developmental stage was signifi-
cantly associated with skeletal maturity. In addition,
there was significant difference between class II and
class III malocclusion with some types of tooth calcification.
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