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ABSTRACT

Aim: The aim of the study is to evaluate skeletal maturity and calcification stages of maxillary canines, in relation to vertical,
normal and horizontal facial types in females and males.

Material and Method: The sample consisted of 60 patients (30 females and 30 males), with skeletal Class I malocclusion. The
subjects were divided into a high-angle group, a low-angle group, and a normal-angle group. Cervical vertebral maturity index
(CVM) and Demirjian index (DI) were used to assess the cervical vertebrae maturation level and calcification stages of maxillary
canines.

Results: CVM stages of the low angle group were found to show a higher tendency for CVM4 in the female group (r=0.484)
than in the male group (r=0.439). However, in the high angle group, a higher tendency for CVM6 stage was found in the
female group(r=-1.014), and a higher tendency of CVM5 was observed in the male group (r=0.00). The median value of
maxillary canine DI stage is stage F in the low-angle and normal-angle groups and G in the high angle group. The DI stages of
maxillary canines in the male group are left skewed (r =-1.035), which means that there is a tendency toward low values of
maxillary canine DI stages. The DI stages of maxillary canines in the female group are right skewed (r=0.0911), implying that
there is a slight tendency toward high values of maxillary canine DI stages.

Conclusion: Comparisons between the sexes and facial heights revealed that cervical maturity and tooth calcification stages of
maxillary canines are more advanced in females and in the high angle group.
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0oz

Amag: Bu cgalismanin amaci kiz ve erkek bireylerde uzun, normal ve kisa yiiz tiplerine gore, iskeletsel maturasyon ve maksiller
kanin dis kalsifikasyon iliskisini degerlendirmektir.

Gerec ve Yontem: Orneklem grubu Sinif I malokliizyona sahip, 9-13 yas araliginda 60 bireyden (30 kiz ve 30 erkek)
olusturulmustur. Bireyler uzun yliz biylimesi, normal yliz biiylimesi ve kisa yiiz biliyimesi olmak lizere 3 gruba ayrilarak;
servikal vertebral maturasyon evrelerinin degerlendirmesi igin Servikal vertebral maturasyon indeksi (CVM), maksiller kanin
dislerin kalsifikasyon asamalarini degerlendirmek icin Demirjian Indeksi (DI) kullaniimigtir.

Bulgular: Kisa yiiz bliylimesine sahip bireylerde CVM evrelerinden CVM4 gorilme orani kizlarda (r=0.484) erkeklere (r=0.439)
oranla daha yilksektir. Bununla birlikte uzun yiiz bliyimesi olan hastalarda ise, kizlarda CVM6 evresinde (r=-1.014), erkeklerde
(r=0.00) ise CVM5 evresinde yogunluk fazla bulunmustur. Normal biiylime ve kisa yiiz bliylimesi gruplarinda maksiller kanin
disin DI evresi ortancasi F doneminde iken, uzun yiiz grubunda ise G dénemindedir. Erkek grubunda maksiller kaninin DI evresi
sola egimli (r = -1.035) bulunmustur, bu durum daha diistik evrelere egdilim oldugu anlamina gelir. Kiz grubunda ise maksiller
kaninin DI evresi sada (r= 0.0911) egimlidir, bu durum daha ylksek evrelere egilim oldugu anlamina gelir.

Sonug: Cinsiyetler ve yliz yikseklikleri arasindaki karsilastirmalar, maksiller kanin dislerde kalsifikasyon ve servikal olgunluk
asamalarinin kizlarda ve uzun yiiz bliyiimesi olan grupta daha ileri oldugunu ortaya koymustur.
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INTRODUCTION

Age ascertainment has great significance in the
treatment of growing orthodontic patients. Clinicians
should determine the patients’ growth status so that
an appropriate treatment can begin in a timely
fashion.! In orthodontic patients, it is essential to
assess whether pubertal growth has started, is
ongoing, or has finished.2 Chronologic age is not, on
its own, adequate to assess the stages of
development of a growing child. Differences between
chronological and biological age have led to the use of
such growth indicators of maturity as skeletal age,
morphological age, sexual age, and dental age.3

The cervical vertebral maturity index (CVM),
introduced by Hassel and Farman,* is a beneficial
method to assess the skeletal maturation; it utilizes
the morphology of the cervical vertebrae to determine
the growth potential of an individual. It was later
revised by Baccetti et al.,> who concentrated on the
three cervical vertebrae (C2,C3,C4), and they
assessed based on the shape and presence of a recess
at the lower border of the cervical vertebrae.

Dental growth is also a beneficial tool to
measure maturity. Calcification of the teeth is a more
dependable indicator of dental maturity than tooth
eruption. As tooth eruption may be influenced by
various elements, such as early missing of primary
teeth, space deficiency, dental caries, ankylosis, in
addition to being under genetic and hormonal
control,®” numerous methods have been used to
assess dental maturity. Demirjian Index (DI)® is one of
the most used methods to determine dental age
because of its simplicity. This method is based on the
development of seven left permanent mandibular
teeth. Most of the studies using Demirjian’s method
have reported overestimation’? and, for Turkish
population, there are studies have showed both
overestimation®1% and convenient.!!

Several studies have confirmed the existence of
a positive relationship between calcification stages of
the tooth and skeletal maturation stages.!?14
Moreover, it is also known that there is a relationship
between vertical growth direction and skeletal
maturity.>12131516 Baccetti et al.> stated that eruption
of teeth completed an earlier stage in hyperdivergent
subjects. Perinetti et al.!> also found that patients with
a vertical facial type had earlier dental maturation.
Nanda® reported that the growth spurt period was
faster in an open-bite group than in the deep-bite
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group. Lee et al.!3 pointed out that orthodontic
treatment in women with a high mandibular angle can
be started earlier than in women with a low
mandibular angle. To the best of our knowledge, there
is no other study that evaluates the relationship
between skeletal maturity stages and dental
calcification stages in different facial heights of female
and male subjects.

The purpose of this study is to evaluate
whether there are differences in the calcification
stages of maxillary canines and cervical vertebrae
maturity in high, normal and low facial heights, in both
sexes.

MATERIALS AND METHODS

The protocol of this retsospective study was
reviewed and approved by the local ethical commitee
of (No: 2020/7, 281May2020). Signed informed
consent of the patients treated at the Department of
Orthodontics in between 2018 December and 2020
January was obtained. This study was conducted on
60 subjects who visited of Orthodontics: 30 females
and 30 males (a power analysis was performed with
G-power 3.1 (Erdfelder, Faul, & Buchner, 1996)) and
55 subjects were found to be sufficient (a=0.05,
f=0.37, power=0.80), with ages ranging from 9 to 13
years. The mean age of the females was 11.98+1.04
years and the mean age of the males was
11.97+0.98. The inclusion criteria for the study were
as follows: no craniofacial anomalies, no systemic
muscle or joint disorders, no dental development
problems, good quality cephalometric and panoramic
radiographs, and Class I malocclusion (ANB angle, 2.0
to 4.0°; Wits: 2.5 to 5.26 mm).

The study sample was divided into to three
groups, according to the mandibular plane angle to
the anterior cranial base (SN-GoMe): low angle group
(mandibular plane angle<33.0°); normal angle group
(33.0°< mandibular plane angle < 41.0°); and high
angle group (mandibular angle>41.0). All analyses
were performed by an experienced orthodontist. The
calcification stages of the canine were assessed
according to the method of Demirjian,® in which one
of eight stages of calcification (A to H) is assigned to
the tooth. Evaluation of skeletal maturity stage was
done using the cervical vertebral maturation index
(CVM), as revised by Baccetti et al.,> on the lateral
cephalograms. The second, third and fourth cervical
vertebrae (C2, C3 and C4) were divided into 6 stages
in CVM according to their shapes.



Statistical Analysis

Analysis of the data was performed using the
package program SPSS 16 (SPSS for Windows, SPSS
Inc, Chicago, Ill., USA). An independent sample t-test
was performed to evaluate chronological ages. The
between-group differences of the CVM and DI stages
were evaluated by performing the Kruskal-Wallis H
Test, and the relationships between CVM stages and
vertical growth groups were evaluated by a Pearson
correlation  coefficient. To determine intrarater
reliability, repeated determination was carried out on
10 individuals at an interval of 15 days, and Pearson
correlation coefficients were calculated as being in the
range of 0.750 - 0.880. Statistical significance was set
at p <0.05.

RESULTS

There was no statistically significant difference
observed between male and female patients, in terms
of chronological ages (p=0.940). Angular and linear
cephalometric measurements of the groups were
shown in Table-1.
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A strong positive correlation was observed
between SN-GoMe, DI stages of the maxillary canine,
and CVM in all groups, according to the Pearson’s
correlation coefficient test (Table-2).

According to the results of the Kruskal-Wallis H
test, there were statistically significant differences
between CVM stages of the high angle, low angle, and
normal angle groups (p-value =0.000 <0.05).
Furthermore, statistically significant differences were
observed between the low angle and high angle
groups (p-value=0.00<0.05), between the high angle
and normal angle groups (p-value=0.001<0.05), and
between the low angle and normal angle groups (p-
value=0.011<0.05). In addition, the Kruskal-Wallis H
test was also performed to compare DI stages of
maxillary canines between the low angle, high angle,
and normal angle groups. A statistically significant
difference was observed between the low angle and
high angle groups (p-value=0.011<0.05) (Table-3).

It was observed that the CVM stages of the
patients in low angle group are right-skewed, with
skewness statistics of 0.484 and 0.439 for female and
male groups, respectively. Further, it is worth noting

Table 1. Comparison of the angular and linear cephalometric measurments of the groups. One-way analysis of variance with
Bonferroni post-hoc test was performed. ***p<0.001 *p<0.05. L: Low angle, H: High angle, N: Normal angle

Normal angle (n=20) | Low angle (n=20) | High angle (n=20) Total (n=60)
Mean Std.dev. Mean | Std.dev. Mean | Std.dev. | Mean | Std.dev. | P_Value | post hoc
SNA(°) 80.58 3.20 81.70 3.12 77.73 3.57 80.05 3.66 <0.001%** L>N>H
SNB(°) 78.15 3.71 80.05 3.85 73.76 3.80 77.40 4.58 <0.000%** L>N>H
ANB(°) 2.92 2.37 2.05 4.05 3.97 2.35 2.95 3.12 0.139
Wits(mm) -0.14 3.11 0.15 5.13 0.11 4.91 0.04 4.43 0.976
SN-GoMe(°) 35.50 1.86 27.58 4.32 47.31 6.30 37.95 6.98 <0.000%** H>N>L

Table 2. Correlation coefficients between CVM, DI stages of maxillary canine, SN-GoMe** Correlation is significant at the
0.01 level (2-tailed) *Correlation is significant at the 0.05 level (2-tailed).

CVM DI Stages of Maxillary Canine SN-GoMe
CVM 1 0.479™ 0.634™
DI Stages of Maxillary Canine 1 0.281"
SN-GoMe 1

Table 3. Comparing the median and ranges of CVM stages and DI stages of maxillary canine of the three groups (normal
angle-low angle- high angle). Kruskal-Wallis H test was performed.; *0.05>p-value; **0.01>p-value; *** 0.001>p-value

Low Angle | High Angle | Normal Angle | Normal Angle/ | Low Angle/ | High Angle/
(N=20) (N=20) (N=20) Low Angle High Angle Normal Angle
P-Value P-Value P-Value
CVM Stages 3(24) 5 (4-6) 4 (3-5) 0.011%** 0.00*** 0.001**
DI Stages G (E-H) G (F-H) G (F-H) 0.011**
(Max.Canin)
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that that there is a higher frequency of the CVM4
stage for the female group, relative to the male group.
On the other hand, in the high angle group, CVM
stages of the female group were observed to be left
skewed (r=-0.484), while CVM stages of the male
group can be considered as symmetric (r=0.00).
Moreover, it was observed that there are more CVM6
stages in the female group than the in the male
group. Finally, in the normal-angle group, the CVM
stages in female group are left-skewed (r=-1.014),
whereas the CVM stages in the male group are right-
skewed (r=1.153). Moreover, it is possible to observe
that the frequency of CVM5 stages in the female
group is much higher than those in the male group,
whereas the frequency of CVM3 stages in the male
group is higher than those in the female group
(Figure-1).

CVM-STAGES

CVM-STAGES

CVM-STAGES

-------

Figure 1. CVM stages for female and male patients of the
groups (A- Low angle group, B- High angle group, C- Norm
group).

Figure 2 presents the frequencies of DI stages
of the maxillary canine for both sexes in all groups
(low angle, high angle and normal angle groups). For
the patients in the low angle group, minimum and
maximum DI stages are, respectively, stages E and H.
Both median and mode are at stage F. In the low
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angle group, the maxillary canine DI stages are left
skewed in both female (r = -0.660) and male groups
(r=-0.438), which implies that there is a tendency for
high values of the maxillary canine DI stages in both
female and male groups. Moreover, there are 3
observations in stage H in the female group, whereas
none of the male patients are in stage H.

DI-STAGES

g i
4 G
3 I uH
FEMA MALE
NORM GROUP
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Figure 2. DI stages for female and male patients of the
groups (A- Low angle group, B- High angle group, C- Normal
group).
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On the other hand, for the patients in the high
angle group, minimum and maximum DI stages of the
maxillary canine are, respectively, stage F and stage
H. Both median and mode are at stage G. The DI
stages in the male group are left skewed (r= -1.035),
which means that there is a tendency toward low
values of DI stages. The DI stages in the female
group are right skewed (r=0.0911), implying that
there is slight tendency toward high values of DI
stages.

Finally, for the patients in the normal angle
group, minimum and maximum DI stages of the
maxillary canine are, respectively, E and G. Both
median and mode at stage F. The skewness of the
maxillary canine DI stages in the female (male) group
is 0.215 (0.123), and they are right skewed. As both



skewness statistics are positive, it can be stated that,
for female and male groups, there is a tendency
toward low DI stages of the maxillary canine.

DISCUSSION

In treatment planning and interceptive
orthodontic diagnosis, skeletal maturity assessment
and growth prediction is extensive tools. Chronological
age is not a decisive factor in the evaluation of growth
potential.'”

The literature shows that there is a correlation
between dental maturity and skeletal maturity.1218:19
One of the most important indicators of skeletal
maturity is dental maturity. Dental maturity is
estimated through the stages of calcification, and this
is a much more dependable method for the
assessment of skeletal maturity.!8

For many years, it has been known that girls
mature earlier than boys.2° Additionally, females show
an advanced developing dentition and female subjects
attained skeletal maturity, on average, one year
before male subjects.2422 On the other hand,
individuals show discrepancies in skeletal maturity,
depending on anteroposterior or vertical facial types.
Several studies have assessed the relationship
between facial heights and skeletal maturity. 12131516

This study evaluated skeletal maturity and
dental maturity and compared them in low-angle and
high-angle females and males. The groups of this
study were categorized based on the mandibular plane
angle, because the mandibular plane angle is a simple
and reliable analytical tool. Previous studies also
categorized the groups based on the ratio of lower
anterior facial height to anterior facial height, which is
the Jarabak ratio.232

In the present study, skeletal maturity (CVM)
showed a significant positive correlation with the
mandibular plane angle (SN-GoMe) in all groups. It
can be noted that the maturity of the cervical
vertebrae correlates with the mandibular plane angle.
These findings differ from those of Lee et al.,13 which
demonstrated a low correlation between CVM and
mandibular plane angle. On the other hand, a strong
positive correlation is observed between maturation
stages of canines and mandibular plane angle. These
results are similar to findings of Janson et al.,?*
observing the relation between dental maturation and
vertical facial types.

Lee et al.!3 evaluated skeletal maturity in the
cervical vertebrae and hand-wrist concerning vertical
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facial types in females. They discovered that the
skeletal maturity of the hand-wrist in females with a
high mandibular plane angle was higher than that of
females with a low mandibular plane angle. Bacceti et
al.> stated that dental maturation occurs earlier in
subjects with an extreme vertical facial type.
Perinetti’®> also pointed out that maxillary canine
eruption was earlier in hyper-divergent subjects in
contrast to hypo-divergent subjects. These results are
similar to our results. The frequency distribution of
maxillary canine DI stages was recognized to show a
tendency for lower DI stages in the low angle group,
whereas while there was a higher tendency for higher
DI stages in high angle group in this study. However,
maxillary canine calcification stages of female subjects
are earlier than those of male subjects. The median
and mode maturation stages of maxillary canine were
observed to be at stage F in the low angle group,
whereas it was stage G in the high angle group.
Besides, DI stages of the maxillary canines were
observed to have a high frequency in stage H in the
low angle and high angle groups of females, whereas
there was no stage H found in the low angle group of
males, and H stage was observed to have a low
frequency in the high angle group of males. This
shows that tooth eruption may occur earlier in female
and high angle subjects.

Kim et al.?®> showed that there was no
correlation  between  skeletal maturity and
anteroposterior facial type or slightly delayed tendency
in skeletal Class II. On the other hand, Jamroz et al.%
studied the link between vertical growth pattern and
dental maturation in children with long and short
anterior facial height and concluded that the variation
in dental age between long and short facial types was
statistically insignificant. However, Verulkar et al.?’
showed patients with horizontal growth pattern had
had delayed dental maturation when compared to
vertical growers, also, Nanda?® and Janson?* reported
that long face subjects presented a tendency to have
advanced dental maturation. As such, there is a
difference of opinion among the literature.2*28 When
frequencies of CVM stages were evaluated in the high
angle group, high frequency is observed at CVM5
stages in the male group, whereas in the female
group, this high frequency is observed at CVM6. It can
be concluded that skeletal maturation of high angle
group female subjects is earlier than those of high
angle male subjects.



In conclusion, the limitation of this study is that
the sample consisted of a single university orthodontic
department, which is a very small number to use in a

retrospective  cross-sectional  study. Further
assessment of the relation between the different facial
heights, skeletal maturity, and dental maturity
requires larger samples.

CONCLUSION

Skeletal maturity and maxillary canine

calcification stages can be influenced by facial heights
and gender. Higher skeletal maturity and maxillary
canine teeth calcification were observed in stages in
high angle subjects and females, relative to low angle
subjects and males. That is why, before deciding on
orthodontic treatment, it may be worth considering
starting treatment earlier in high angle subjects and
females than in low angle subjects and males.
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