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ABSTRACT

Aim: The purpose of this study is to estimate and compare the duration of the pubertal peak in skeletal class Il and class | subjects and to
detect any difference between boys and girls or between hypo-, normo-, and hyperdivergent subjects for skeletal maturation indicator (CVM)
in white Caucasians.

Materials and methods: 346 subjects were selected from 3,119 examined files. Pretreatment lateral cephalometric records were hand-traced
and divided following the anteroposterior skeletal relationship, the gender, the vertical pattern, and the skeletal maturation. The duration of
the pubertal peak was calculated based on the chronological age interval according to each group. The age of onset of the active growth and
the duration of the pubertal peak were compared between the different groups studied.

Results: Pubertal peak had a mean duration of 13 months in skeletal class | subjects, 19 months in skeletal class Il subjects, 15 months in girls,
20 months in boys, 13 months in normodivergent and hypodivergent subjects, whereas in hyperdivergent subjects, it lasted 18 months.
Conclusion: The growth interval corresponding to the pubertal growth spurt (CS3-CS4) was (1) significant between skeletal class | and class Il
subjects, (2) longer in boys, and (3) longer in hyperdivergent subjects.

Clinical significance: Orthodontic treatments can start earlier for girls in class | or class Il relationship and for hyperdivergent subjects as well.
Furthermore, boys and subjects in class Il skeletal relationship have a significantly longer duration of the pubertal peak and consequently a

much efficient orthopedic and orthodontic treatment.

Keywords: Cervical vertebrae maturation, Class | and class Il subjects, Pubertal peak, Retrospective cross-sectional study, Skeletal age.
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INTRODUCTION

Growth potential and duration of the pubertal peak are the
primary factors in establishing an orthodontic treatment plan.
This period exists in all individuals but has variable characteristics
(onset, duration, and magnitude)."? Several authors have tried to
estimate it through biological growth indicators,®* which have
been the subject of various studies to provide orthodontists with a
valid, efficient, and reproducible reference. Two types of indicators
were used: the chronological age and the biological age. The first
indicator is a subject of controversy.?” The second one involves
various factors: the statural age,"># ' the sexual age,'"'? the dental
age,'*"7 and the bone age and is the most reliable indicator for use
in orthodontics.

For many years, orthodontists used the hand and wrist
maturation index to determine bone age.

However, even with the reliability of this indicator, there are
still some uncertain clinical predictabilities,'® the most important
being the impossibility of growth prediction'®as well as the harmful
additional radiation exposure especially to growing subjects.”®

Therefore, Lamparski launched a “new indicator,”?° the cervical
vertebrae maturation index (CVM). Later on, this idea was developed
and improved by several authors?'~2* until it reached its actual
version with the method presented by Baccetti et al. This method
has proven to be reproducible because it is easy to learn and to
apply.25,26

These authors showed that the mandible expresses maximal
growth during the pubertal peak interval, between CVM3 and
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CVMA4, justifying the necessity and effectiveness of treating growing
patients at the pubertal peak or slightly after.

The determination of the pubertal peak period is in fact
necessary, but the duration of this period is more essential to
quantify the number of months during which growth is accelerated
and therefore to know the magnitude of the orthopedic response
following the orthodontic therapy.?’

Literature provides us with information about the duration
of the growth in skeletal class lll Caucasian subjects compared to
skeletal class 1?2 while information concerning the duration of the
pubertal peak in skeletal class Il subjects is still lacking.

The purpose of this study is to estimate and compare the
duration of the pubertal peakin skeletal class Il and class | subjects
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and to detect any differences between boys and girls or between
hypo-, normo-, and hyperdivergent subjects for skeletal maturation
indicator (CVM) in white Caucasians.

MATERIALS AND METHODS

Sample

This is a retrospective cross-sectional study.

The sample size was calculated considering the comparison
of two means for the sample size estimation with a two-sided
significance level of 0.05, a standard deviation of 8 months, a
precision of 5 months, and a power of 95%. The expected variance
was obtained from a pilot study based on the duration of the
adolescent peak growth spurtin class Il between stages CYM3 and
CVM4. The required minimal number was 67 persons per group.

3,119 records of orthodontically untreated subjects from the
archive of the Orthodontic Department were examined, from the
most recent ones to the oldest (till year 2000), for the possible
inclusion.

346 cases (131 boys and 215 girls) presenting the inclusion
criteria were selected and divided into 4 groups according to their
skeletal classes of malocclusion and to their cervical vertebral
maturation (class [-CVM3 = 96; class I-CVM4 = 102; class II-CYM3 =75;
class [I-CVYM4 = 73).

All the patients filled an informed consent formin order to have
the permission to use their X-rays in our study. Sample was then
divided into gender groups as a first step and later into vertical
growth pattern groups as a second step, in order to determine
any significant difference between the groups for the duration of
the pubertal growth.

Inordertobeincludedinthe study, the patient mustage between
8 and 18 years, be in healthy state and untreated orthodontically.
Patients’ records should each include a pretreatment lateral
cephalogram of good quality.

As for the exclusion criteria, every patient with syndromes or
cleft lip/palate, with systemic diseases, with previous traumas in
the orofacial region, or on regular medications that may hinder
the overall growth, were excluded from the study. Records with the
lack of visibility and clarity of the second, third, or fourth cervical
vertebra or the presence of congenital anomalies on these vertebras
seen on the lateral cephalometric radiograph were also excluded
from the study.

The research was conducted after clearance by the institutional
ethical committee.

Measurement Methods
The radiographs of the subjects fulfilling these criteria were
analyzed.

Staging of the skeletal maturation was made according to the
original method of Baccetti et al.?3 by calculating the depth of the
concavity of the lower edge of C2, C3,and C4 (C2m, C3m, and C4m)
and the ratios C3BAR, C3PAR, C4BAR, and C4PAR (Fig. 1 and Table 1).

When the stage of the skeletal maturation corresponded
to CVM3 or CVM4, the case was selected and the operator
(HG) determined the skeletal class according to three different
measurements:

« Bjorkanalysis: class I: —0.5° < A-N-Pog < 4°, class Il: A-N-Pog> 4°

+ Angle between the maxillaand the mandible (ANB) angle: class
I: ANB = 2° + 2° class Il: ANB > 4°

«  Witts analysis:
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« Class I: boys: AoBo = —1 mm + 2 mm, girls: AoBo =0 mm =+
2mm
+ Class Il: boys: AoBo > 1 mm, girls: AoBo > +2 mm

Only subjects in skeletal class | and class Il were included. After
that the operator determined the vertical pattern using three
different angles:

+ GOGN—SN:32°+3°
«  ANS-PNS/Go-Me: 25° + 3°
« FMA:24° + 3°

Each patient was assigned to his category for the anteroposterior
and vertical dimensions, if at least two of the three measurements
match the category.

Intra- and interobserver errors were calculated by selecting
35 random radiographs (10% of the sample). The radiographs
were traced, 2 weeks later, by the same operator (HG) in addition
to a second operator (NA) in order to determine the validity
and reproducibility of the cephalometric measurements and
reliability and consistency of the results between the two
operators.

The calculation of the intraoperator error showed an
excellent agreement for CVM staging (Chi-square = 0.866), and
good agreements for the determination of the skeletal class
(Chi-square = 0.714) and the facial vertical pattern (Chi-square =
0.717). The calculation of the interoperator error showed a good
agreement for CVM (Kappa = 0.715), and excellent agreements for
the anteroposterior skeletal relationship (Kappa = 0.883) and the
facial vertical pattern (Kappa = 0.868).

REsuLTs

346 subjects were included in the study (7,612 points were identified
and 4,498 angles, distances, and ratios were calculated). The average
age of the entire sample was 151.86 + 18.90 months with a minimum
of 97 months and a maximum of 203 months.

The distribution of the sample was according to the following
variables: skeletal class, skeletal age, gender, and vertical patterns
represented in Table 2.

The average onset age of the active pubertal growth and the
duration of the pubertal peak were determined in each group in
order to estimate the optimal dental orthopedic treatment timing
and to analyze the maxillomandibular growth development.

Considering the skeletal classes of malocclusion, subjects in
skeletal class | and class Il have a start of active growth at the age
of 12 years approximately, with no statistical difference between
the groups for CVM3 and CVM4 (Table 3); however, a statistically
significant difference (p = 0.0001) was detected for the duration of
the pubertal peak between class | (12.65 months) and class 11 (18.84
months) groups (Table 3).

Considering the gender, the active growth starts at the age of
11.56 years for girls, whereas for boys, it starts at 12.58 years; the
duration of the pubertal peak is about 15.22 months for girls and
20.08 months for boys. A statistically significant difference was
found for the onset age of the pubertal peak and the growth peak
duration according to the gender (Table 4).

Considering the vertical pattern, the mean onset age of
active growth is around 12 years for hypo- and normodivergent
subjects and about 11.5 years for hyperdivergent subjects, with no
statistical difference. The growth peak duration also differs between
hypodivergent, normodivergent subjects (around 13 months

/
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Table 1: Vertebral points, measures, and ratios used to determine the vertebral stage

Cephalometric landmarks

Definition

Vertebral points

Measures and ratios

C2m
C3m
C4m
C2p
C2a
C3up
C3ua
C3lp
C3la
C4up
C4ua
C4lp
C4la
ConcC2
ConcC3
Conc C4
C3BAR

C3PAR
C4BAR

C4PAR

Deepest point on the lower border of the body of C2

Deepest point on the lower border of the body of C3

Deepest point on the lower border of the body of C4

Most posterior point on the lower border of the body of C2

Most anterior point on the lower border of the body of C2

Most superior point of the posterior border of the body of C3

Most superior point of the anterior border of the body of C3

Most posterior point on the lower border of the body of C3

Most anterior point on the lower border of the body of C3

Most superior point of the posterior border of the body of C4

Most superior point of the anterior border of the body of C4

Most posterior point on the lower border of the body of C4

Most anterior point on the lower border of the body of C4

Measure of the concavity depth at the lower border of C2 (distance from C2p-C2a to C2m)
Measure of the concavity depth at the lower border of C3 (distance from C3lp-C3la to C3m)
Measure of the concavity depth at the lower border of C4 (distance from C4lp-C4la to C4m)
Ratio between the length of the base (distance C3lp-C3la) and the anterior height
(distance C3ua-C3la) of the body of C3

Ratio between the posterior (distance C3up-C3Ip) and anterior (distance C3ua-C3la)
heights of the body of C3

Ratio between the length of the base (distance C4lp-C4la) and the anterior height
(distance C4ua-C4la) of the body of C4

Ratio between the posterior (distance C4up-C4lp) and anterior (distance C4ua—C4la)
heights of the body of C4

Table 2: Distribution of the samples according to the variables: skeletal class, skeletal age, gender,
and vertical pattern

Variable Group Effective Percentage Total effective
Skeletal class Class | 198 57.2 346
Class Il 148 42.8
Skeletal age CVM3 171 49.4 346
CVM4 175 50.6
Gender Boys 131 379 346
Girls 215 62.1
Vertical pattern Hypodivergent 143 413 346
Normodivergent 120 34.7
Hyperdivergent 83 24.0
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Table 3: Mean age, standard deviation, and the duration of the adolescent peak growth spurt according to classes of maolocclusion (class I/class
I). t test results for comparing class | and class Il for the variables CYM3, CVM4, and growth peak duration

Adolescent peak
growth spurt duration
Mean onsetage  SD months t test for comparing CVM4-CVM3 months  t test for comparing
Variables n months (years)  (years) class I and class Il (years) class I and class Il
Skeletal Class| CVM3 96 14594 (12.162) 17.494(1.458) ForCVM3p=0.115  12.65(1.054) For pubertal peak
class—CVM CVM4 102 15859(1321)  17.033(1.419) duration
Classll CVM3 75 141.76(11.813) 16549 (1379) ForCVM4p=0452 1884 (1.570) p=0.0001*
CVM 4 73 160.60(13.383) 18.006 (1.501)

*Significance is at p < 0.05

Table 4: Mean age, standard deviation, and the duration of the adolescent peak growth spurt according to gender. t test result for comparing

girls and boys for the variables: CVM3, CVM4, and growth peak duration

Adolescent peak
growth spurt duration
Mean onsetage  SD months t test for comparing CVM4-CVM3 months  t test for comparing
Variables n months (years)  (years) class | and class Il (years) class  and class Il
Gender—  Girls CVM3 96 138.74(11.562) 15.254(1.271) For CVM3 p=0.0001* 15.22(1.268) For pubertal
M (n=215) cvM4 119 153.96(12.830) 16.057 (11.338) peak duration
Boys ~ CVM3 75 15097 (12581) 17.112(1.426) For CVM4p=0.0001* 20.08 (1.673) p=0.0001*
( ) (

(n=131) cym4 56 171.05(14.254

14.311(1.193)

*Significance is at p < 0.05

Table 5: Mean, standard deviation, and duration of the adolescent peak growth spurt according to the vertic al growth pattern. Results of Scheffe’s
multicomparison test for the growth duration between different vertical growth patterns

Adolescent peak Scheffe’s multicomparison
Mean onset age  SD months growth spurt duration  test for growth duration

Variables n months (years)  (years) months (years) between
Vertical Hypodivergents CVM3 69  147.71(12.309) 14.835(1.236) 13.15(1.096) Hypo-Normo p = 0.874
pattern—CVM (n=143) CVM4 74 160.86(13.405) 17.827 (1.485)

Normodivergents CVM3 79  145.96(12.163) 16.692(1.391) 13.31(1.109) Hypo-Hyper: p = 0.001*

(n=120) CVM4 41  159.27(13273) 16.404 (1.367)

Hyperdivergents CVM3 50 137.80(11.483) 18.627(1.552) 17.93(1.494) Normo-Hyper: p = 0.001*

(n=83) CVM4 33 155.73(12.977) 17.787(1.482)

*Significance is at p < 0.05

for both), and hyperdivergent subjects (around 18 months). This
difference is statistically significant (Table 5).

When class I/class Il groups were analyzed according to the
skeletal maturation and stratified first for gender and second for
vertical pattern, multiple group comparisons showed that in skeletal
class Il cases, boys and hypodivergent as well as hyperdivergent
subjects have a longer duration of the pubertal peak growth spurt
(Table 6).

Statistical Analysis

The Statistical Package for Social Sciences Software (SPSS for
Windows, version 20.0, Chicago, IL, USA) was used to perform the
statistical analysis (significance level: p value < 0.05). The normality
of the distributions was verified using the Kolmogorov-Smirnov
test.

Descriptive statistics were used to define samples characteristics
as for the mean, standard deviation, and growth duration.

Levene's test was chosen to demonstrate the equality of
variances between each two independent samples tested.

Then their averages were compared using the independent
samples t test to determine any statistical difference.
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ANOVA and Scheffe’s multicomparison tests were used to
calculate a possible difference between the average of several
samples.

Discussion

Determining the pubertal peak duration has taken an increased
importance especially for the orthopedic treatment of the
craniofacial discrepancies. The clinical interest of this study
estimating and comparing the duration of the pubertal peak growth
spurt in white Caucasian subjects untreated orthodontically is the
stratification according to skeletal classes, gender, and vertical
patterns.

In comparison with the study of Kuc-Michalska and Baccetti
(218 subjects)?® and the study of Salazar-Lazo et al. (154 subjects),?’
the originality of the present study resides in a larger sample size
(346 subjects), in the sample stratification according to the gender
and facial pattern and in the sample selection based on three
cephalometric anteroposterior values and three vertical values in
order to confirm the skeletal diagnosis. The staging of the skeletal
maturation in the sample was defined based on the measurements

/
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Table 6: Comparison of the duration of the adolescent peak growth spurt for subjects in skeletal class I/class Il according to the gender and

vertical growth pattern

Adolescent peak growth  ttest for comparing peak
spurt duration CVM4- growth spurt duration between
Variables CVM 3 months (years) ~ CVM 4 months (years) ~ CVM3 months (years) classland Il
Class | Girls 140.77 (11.73) 154.19 (12.85) 13.42(1.12) For girls p = 0.372
Boys 153.18 (12.77) 168.22 (14) 15.04 (1.23)
Class Il Girls 135.90 (11.33) 153.63 (12.80) 17.73 (1.47) For boys p = 0.0001*
Boys 148.46 (12.37) 174.83 (14.57) 26.37 (2.2)
Class | Hypodivergent 149.93 (12.49) 159.07 (13.25) 9.14 (0.77) For hypodivergent p = 0.0001*
Normodivergent 149 (12.42) 160 (13.33) 11(0.91)
Hyperdivergent 137.93 (11.49) 153.08 (12.76) 15.15(1.27) For normodivergent p = 0.12
Class Il Hypodivergent 144.91 (12.08) 164 (13.67) 19.09 (1.59)
Normodivergent  142.23(11.85) 158.15 (13.18) 15.92(1.33) For hyperdivergent p = 0.001*
Hyperdivergent 137.62 (11.47) 157.45(13.12) 19.82(1.65)

*Significance is at p < 0.05

and ratios determined by the original method of Baccetti et al.?®
and not on visual assessment used in other studies.

This study showed that the age of the onset of active growth
is similar for both skeletal groups, class | (12 years and 2 months)
and class I (11 years and 10 months), with a statistically significant
difference of the peak duration (13 months and 19 months,
respectively). The duration of the growth spurt is similar between
this study with the results found by Kuc-Michalska and Baccetti?®
who found that the age at the onset of the active growth is 11 years
and 5 months and the duration of the growth spurt in patients with
skeletal class lis 11 months.

The results showed that the duration of the pubertal peak is
bigger for the class Il group when compared to the Class | group.
Therefore, the development of a class Il malocclusion could not
be explained by a shorter duration of the pubertal peak. This is
in contradiction with other studies, as Salazar-Lazo et al.?’ found
that the duration of the adolescent peak growth spurt for Class Il
malocclusion subjects is smaller then class | subjects, while Kuc-
Michalska and Baccetti?® have proved a longer duration of the
pubertal peak for the skeletal class lll subjects when compared to
class | subjects and they related the larger increases in mandibular
length to the longer duration of the pubertal peak in class lll
subjects.

The development of a class Il discrepancy might involve
other causes than the duration of the growth peak, such as the
growth magnitude (amount of growth) and different growth
directions. Bishara et al.? investigated the growth in magnitude
and direction and found that class Il division 1 subjects might have
a late mandibular growth due to a “catch up” period, although
the comparison of the growth magnitude indicated a greater
skeletal and soft tissue convexities in Class Il Division 1 subjects
accompanied by a tendency for a more retruded mandible. It is
important to mention that mandibular growth leading to reduced
mandibular length has controversial evidence since multiple studies
found that the mandibular length can be significantly shorter in
class Il patients,>>°=33 similar to the subjects in skeletal class I** or
even higher in skeletal class Il subjects.>

Excessive maxillary growth or anteriorly positioned maxilla,
retrusive mandibular position due to a posterior position of the
glenoid cavity,3%3839 vertical growth or clockwise mandibular
rotation,>>384! early onset of the skeletal class Il discrepancy,
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abnormal muscular function, and combination of several
factors®®-4%42 can all lead to an establishment of skeletal problems
at a young age with a subsequent worsening of this discrepancy
and an alteration in size and shape of the mandible.

These results suggest that the reorientation of the direction of
growth and stimulation of the mandibular growth potential would
be necessary in order to correct a skeletal class Il discrepancy and
that the longer period of active growth in these patients would be
a favorable factor.

The cross-sectional study also being a limitation to these kinds
of research it was used because of the high risk of radiographic
exposure that could occur in a longitudinal study. Subjects were
matched for skeletal class, gender, and skeletal pattern.

When comparing genders, the results of this study showed that
the age of onset of active growth is 1 years 6 months and 12 years
6 months for girls and boys, respectively, with the duration of
growth of approximately 15 months and 20 months successively.
Clear differences with other authors are noted (duration of active
growth = Hunter: 2.57 years, Bowden: 2.89 years, Tarranger and
Hagg: 94 years for girls and 1.96 years for boys) probably due to
ethnic polymorphisms and differences in the sample size.

This study found that this difference is statistically significant
for boys, whereas the study conducted by Kuc-Michalska and
Baccetti®® did not detect any statistically significant difference. This
can be explained by the difference in the sample size. This suggests
that the timing of the treatment should differ according to gender.

When the sample was divided according to the vertical pattern,
this study showed a significant difference in comparing the age of
onset of the active growth and the duration of the pubertal peakin
three groups: the hyperdivergent subjects present the earliest age of
onset of puberty compared to hypodivergent and normodivergent
subjects (these two being comparable: about 11 years 6 months
and 12 months, respectively). The duration of the pubertal peak is
also different between the 3 groups: hyperdivergent subjects have
the longest duration (19 months while the estimated duration in
hypodivergent and normodivergent subjects is 13 months).

This emphasizes that hyperdivergent subjects present
an earlier onset of the vertical growth that can be explained
by a hypodevelopment of the posterior facial height, a
hyperdeveloppement of the anterior facial height, a posterior
rotation of the mandible' or an “anterior hyporotation” due to a
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reduced intramatrix growth compared to the normal growth during
the 12-15 years of interval.*®

When the class I/class Il groups were analyzed according to
skeletal maturation, gender, and vertical pattern, a statistically
significant difference was found for all groups. Boys and
hyperdivergent subjects have an earlier onset of active growth and
a longer duration of the pubertal peak. These results emphasized
the necessity of detecting the right treatment timing according to
gender and marked the difficulty in treating a class Il hyperdivergent
patient. The vertical control should be initiated at a younger age
and for a longer period of active growth to enhance the outcome.

Future studies should consider the determination of the
cephalometric etiology of the skeletal class Il and divide the class
Il group into class Il division 1 and class Il division 2, in addition to
adopting a longitudinal methodology instead of a cross-sectional
one in order to give more accurate results and/or redo the same
study in a 3D methodology.

CONCLUSION

Our primary objective was to estimate the duration of the pubertal
peak in white Caucasian subjects untreated orthodontically
according to the skeletal anteroposterior relationship, gender, and
vertical pattern. The secondary objective was to determine the
existence of a difference between skeletal class | and class Il subjects
when analyzed according to the gender and skeletal pattern.

« Theage of onset of the active growth is approximately 12 years
for subjects in skeletal class | and class Il relationship; this age
differs between girls and boys (11 years 7 months and 12 years
7 months, respectively), and it is earlier in hyperdivergent
subjects compared to hypodivergent and normodivergents
subjects (11 years 6 months, 12 years 4 months, and 12 years
2 months, respectively).

«  The duration of the pubertal peak is 13 months for subjects in
skeletal class | relationship and 19 months for subjects in skeletal
class Il relationship (this difference is statistically significant);
it differs between girls and boys (15 months and 20 months,
respectively) and between hypodivergent, normodivergent,
and hyperdivergent subjects (13 months and 18 months,
respectively).

«  The persistence of a skeletal discrepancy in class Il subjects
despite the presence of a “normal” period of active growth can
be explained by (1) a mandibular retrusion due to a reduced
mandibular length or a posterior positioning of the mandible,
(2) an excess growth of the maxilla, (3) a hyperdivergent vertical
pattern of growth leading to a distalization of the Gonion point,
and (4) a combination of other several factors.
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