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Evaluation of mandibular length in
subjects with Class | and Class I
skeletal patterns using the cervical
vertebrae maturation

Abstract: The aim of this study was to compare the mandibular size
in boys and girls with Class T and Class II skeletal patterns, taking into
consideration the bone maturation stage, as defined by the cervical ver-
tebrae maturation. One hundred and sixty cephalometric radiographs
were obtained from subjects (aged between 7 and 12 years) with Class I
or Class II skeletal patterns, according to the ANB angle and WITS ap-
praisal. The Class I sample consisted of 80 subjects (40 boys, 40 girls).
The Class II sample also consisted of 80 subjects (40 boys, 40 girls). On
a cross-sectional basis, mandibular length (Co-Gn) was compared be-
tween groups and genders. The between-stages changes were also evalu-
ated, with the cervical vertebrae analysis used for establishing the bone
maturation stages at CS2, CS3, CS4 and CSS. The results were statisti-
cally analyzed by the Kruskal-Wallis test. The mandibular length dif-
fered between skeletal patterns only at the earlier stages of development.
In the Class I pattern, the mandibular lengths of boys were greater than
those of girls at stages CS2, CS4 and CSS5, whereas in the Class II pat-
tern, the mandibular lengths of boys were greater than those of girls at
stages CS2, CS3 and CS4. The present results indicate a sexual dimor-
phism in the mandibular length at almost all stages of bone maturation,
in exception of the CS5 stage in Class II.

Descriptors: Mandible; Cervical vertebrae; Growth and development.

Introduction

The optimal timing to take advantage of bone remodeling for correct-
ing skeletal discrepancies, often involved in the development of maloc-
clusions, depends on the identification of periods of accelerated or in-
tense growth that can contribute significantly to the correction of these
problems in a patient.! The classical and most widely used method for
skeletal-age evaluation is the highly reliable hand-wrist bone analysis
performed by radiograph.? However, this analysis implies extra radiation
exposure for the patients. Currently, the cervical vertebrae investigation
method has been increasing, since it avoids further exposure to ionizing
radiation in addition to the routine radiographic records required for an
orthodontic treatment.>” This method has proved effective in assessing
the adolescent growth peak both in body height and mandibular size.®’
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Moreover, almost all studies found statistically sig-
nificant correlations between hand-wrist and skel-
etal maturation of the cervical vertebrae,**"'> but
racial variations in these relationships were also re-
ported.'®!

Class II malocclusion is a commonly observed
clinical problem, occurring in about a quarter of the
young Brazilian population' and in up to a third
of the United States population.” Despite the sub-
stantial prevalence of Class IT malocclusion as an
orthodontic problem, review of the related litera-
ture showed no consensus with regard to the growth
changes of the mandible in untreated subjects with
Class II malocclusion, when compared with subjects
with normal occlusion. Some studies reported that
subjects with Class II malocclusion had shorter man-
dibles at both infantile and adolescent ages.'>""* In
contrast, others'>?° found no differences in mandib-
ular growth in Class II subjects from the deciduous
dentition through the permanent dentition. Howev-
er, the results in most of these studies were based on
longitudinal growth changes related to the subjects’
chronologic ages or the dentition stages, which ac-
cording to many authors, are not reliable predictors
of a patient’s stage of skeletal development.”*21-23

To our knowledge, only one study compared the
craniofacial dimensions in subjects with normal oc-
clusion and Class II malocclusion, considering the
cervical vertebrae method as a biological indica-
tor of individual skeletal maturity to analyze the
results.?* These authors showed that subjects with
Class II malocclusion had smaller increases in man-
dibular length at the growth spurt, and this dento-
skeletal disharmony did not tend to self-correct with
growth. However, the possible differences in the
mandibular size according to gender were not inves-
tigated in this study.

On this background, the aim of the present study
was to compare mandibular size and cervical ver-
tebrae maturation in subjects of both genders with
Class I and Class II malocclusions.

Materials and Methods

The total sample (160 cephalometric radio-
graphs) was obtained at the Orthodontic Depart-
ment, School of Dentistry, Vale do Rio Verde Uni-
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versity (UNINCOR). This study was designed as a
cross-sectional research project. All the participants
were aged between 7 and 12 years with no orth-
odontic treatment at the time of study. They were
divided in Class I or Class II skeletal patterns, ac-
cording to the ANB angle and WITS appraisal.
Class II subjects had the ANB angle greater than 4°
and the linear distance between AO and BO (WITS
appraisal) greater than 1 mm. They also presented
an overjet greater than 2.5 mm. Class I subjects had
the ANB angle between 0 and 3°, with normal dis-
tances between AO and BO (-1 to 1 mm). The Class
I sample consisted of 80 subjects (40 boys, 40 girls).
The Class IT sample also consisted of 80 subjects (40
boys, 40 girls). This study was approved by the re-
search ethics committee of UNINCOR.

Cervical vertebrae stages were determined by the
Hassel and Farman* (1995) modification of the cri-
teria of Lamparski® (1972), which established the 6
maturational stages by the observation of the bodies
of the second, third, and fourth cervical vertebrae

(Table 1).

Table 1 - Six stages in the evaluation of cervical vertebrae
maturation according to the method of Hassel and Farman.

Stage Description

Vertebrae are wedge-shaped, with superior

1 vertebral borders tapering from posterior to
(initiation) | anterior; inferior borders of bodies of all cervical
vertebrae are flat

Concavities develop on inferior borders of

2 C2 and C3; bodies of C3 and C4 are nearly
(acceleration) | rectangular, and inferior border of C4 is flat;
anterior vertical height of bodies increases

Distinct concavities develop on inferior borders

3 of C2 and C3; concavity begins to develop on
(transition) | inferior border of C4, and bodies of C3 and C4
are rectangular

Clear concavities are seen on inferior borders

4 of C2, C3, and C4 with bodies of C3 and C4
(deceleration) | nearly square; bodies of all cervical vertebrae
are rectangular

Accentuated cavities are seen on inferior borders
of C2, C3, and C4, and bodies of C3 and C4

5 . ) .
(maturation) are nearly square; concavities are well defined in
lower borders of bodies of all cervical vertebrae;
spaces between bodies are reduced
6 Deep concavities are seen on inferior borders of
(completion) C2, C3, and C4, and vertebral bodies are more

vertical than horizontal
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The stages CS2, CS3, CS4 and CS5, in which
significant skeletal growth occurs, were used in the
present study to divide the sample according to their
skeletal stage (Table 2).

Total mandibular length (Co-Gn) was measured
on cephalograms traced by 1 investigator and veri-
fied for landmark location and anatomical contours
by another. Any disagreements were resolved by
retracing the landmark or structure to the satis-
faction of both observers. The measurements were
performed manually in a blinded manner, and Dahl-
berg’s formula was used to calculate the intra-op-
erator error, by re-counting 10 randomly selected
radiographs fifteen days later. The formula revealed
values below 1.0, indicating sufficient accuracy of
the measurements.

All assessments were performed in a darkened
room with a radiographic illuminator to ensure con-
trast enhancement of the bone images.

Table 2 - Sample distribution in relation to bone maturation
stage in subjects with Class | and Class Il skeletal patterns.

Bene mehuistien Groups according to skeletal pattern
stage Class | Class Il
Cs2 Male (n = 10) Male (n = 10)
Female (n = 10) Female (n = 10)
cs3 Male (n = 10) Male (n = 10)
Female (n = 10) Female (n = 10)
cs4 Male (n = 10) Male (n = 10)
Female (n = 10) Female (n = 10)
cs5 Male (n = 10) Male (n = 10)
Female (n = 10) Female (n = 10)

Descriptive statistics were obtained for total
mandibular length in both Class I and Class II sam-
ples at the different maturation stages. Because of
the small subsample sizes, the Kruskal-Wallis test
was used to compare the mandibular lengths in the
following situations: (1) Class II vs. Class I samples
at CS2, CS3, CS4 and CS5 (2) male vs. female in
each sample and (3) between-stage changes (CS2-
CS3, CS3-CS4, CS4-CS5) in Class I and Class II
samples. The significance level was set at p < 0.035.

Results

The total mandibular lengths (Co-Gn) in Class I
and Class II subjects at the CS2, CS3, CS4 and CS5
stages are shown in Table 3. Class I boys presented
greater mandibular lengths than Class II boys at
stages CS2 and CS3. The differences at stages CS4
and CSS5 were not statistically significant in this
group. In the female group, Class I girls presented a
greater mandibular length than Class II girls only at
stage CS3. At the other stages, the differences were
not statistically significant (Table 3).

The comparisons between genders revealed dif-
ferent results depending on the skeletal pattern eval-
uated. In the Class I pattern, the mandibular lengths
of boys were greater than those of girls at stages
CS2, CS4 and CSS. In the Class II pattern, the man-
dibular lengths of boys were greater than those of
girls at stages CS2, CS3 and CS4 (Table 3).

The comparisons of between-stage changes
(CS2-CS3, CS3-CS4, CS4-CS5) in Class I and Class
IT samples are shown separately for boys (Table 4),

Ta.blhe 3 - Mean sTar.wdord Sells ol zhicn
deviation (mm) of mandibular
length (Co-Gn) in subjects with s | ‘ sl
Class | and Class Il skeletal ~ (maturation stage) (Gender) (mandibular length)
patterns in the four stages of bone Male 112.1 + 5.0** 108.6 + 4.3%
i CS2
maturation. Female 103.2 £ 3.0 103.0 3.6
Male 115.1 +5.9* 110.0 + 3.9#
CS3
Female 110.6 +2.9* 106.1 +3.3
Male 122.6 +5.1* 121.0+5.7#
CS4
Female 116.2+4.0 113.4+3.4
Male 127.4 + 6.4% 127.4+2.7
CS5
Female 118.4+3.9 1222+ 6.9

*P<0.05Cllvs. ClI;
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Table 4 - Mean + standard
deviation (mm) of mandibular
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Skeletal pattern

length (Co-Gn) in boys with Class Class | Class Il
| and Class Il skeletal patterns  (maturation stage) (Gender) (mandibular length)
regarding the between-stages Cs2 Male 112.1450 108.6 +4.3
differences.
CS3 Male 115.1£5.9 110.0+£ 3.9
CS4 Male 122.6 £ 5.1 121.0+£5.7
CS5 Male 127.4 £ 6.4 127.4£2.7
Safistical comparisons between- | gy _cs3) < C54 < €55 | (CS2-CS3) < C54 < CS5
stages (p < 0.05)

Table 5 - Mean + standard
deviation (mm) of mandibular

Skeletal pattern

length (Co-Gn) in girls with Class Closs | Closs |
| and Class Il skeletal patterns  (maturation stage) (Gender) (mandibular length)
regarding the between-stages Cs2 Female 103.243.0 103.0+3.6
differences.
CS3 Female 110.6 £2.9 106.1 £3.3
CS4 Female 116.2+£4.0 113.4£3.4
CS5 Female 118.4+£3.9 122.2+£6.9
Statistical comparisons between- (C52=CS3) < (CS4=CS5) (CS2=CS3) < CS4 < CS5
stages (p < 0.05)

and girls (Table 5). The between-stage differences
were similar in boys with Class I and Class II pat-
terns. The mandibular length was greater at stage
CS4 than at CS2 and CS3; also, this measure was
greater at stage CSS5 than at CS4 (Table 4). In girls
with Class I pattern, the mandibular lengths at CS4
and CSS5 were greater than at CS3 and CS2. The dif-
ferences between CS4 and CS5 were not significant
in this group. On the other hand, the mandibular
lengths at stages CS2 and CS3 in Class II girls were
similar, while this measure was greater at stage CS5
than at CS4, and at CS4 it was also greater than at
CS3 and CS2 (Table 3).

Discussion

In orthodontics and dentofacial orthopedics, each
patient’s skeletal maturation period is an important
factor to be considered in order to better take ad-
vantage of his/her growth potential. In recent years,
many authors have supported the efficacy of the cer-
vical vertebrae analysis to assess skeletal age, which
would represent a valid instrument to calculate the
speed of growth and skeletal maturation.!'> Our aim
in this study, was to analyze mandibular length in

subjects with Class I and Class II skeletal patterns,
considering their skeletal maturation stage. Sexual
dimorphism in this measure was also evaluated.

The present study showed that the mandibular
lengths in subjects with skeletal Class II pattern can
differ from those with skeletal Class I pattern. These
differences were found only at the initial stages of
bone maturation, as observed in the male group
at stages CS2 and CS3, and in the female group at
stage CS3. These results are consistent with those
of previous studies, and they show that dentoskel-
etal characteristics of Class II malocclusion are es-
tablished early in development.'s1-18:2¢ The peak in
mandibular growth seems to occur between CS3
and CS4, as previously reported.?”?

In relation to the absence of statistical differ-
ence between Class I and Class II patterns at the
later stages of development (CS4 and CSS5), our
results are in accordance with those of Bishara er
al.®” (1997) and Bishara?® (1998),in which Class
IT subjects had shorter mandibles when compared
with normal subjects only in the earlier stages of
development. But the differences were not signifi-
cant when the permanent dentition had completely
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erupted. These findings might suggest the possibil-
ity of a late “catch up” growth period occurring in
Class II subjects. However, these studies were based
on longitudinal growth changes related to the sub-
jects’ dentition stages, which seems not to be a re-
liable indicator of skeletal maturation.?'?* On the
other hand, Stahl et al.?* (2008) compared the lon-
gitudinal craniofacial growth changes in untreated
subjects with Class II malocclusion with those in
subjects with normal occlusion from the prepuber-
tal through the postpubertal stages of development,
as defined by the cervical vertebrae maturation
method. These authors found that the deficiency in
mandibular growth in Class II subjects is signifi-
cant not only at the growth spurt, but that it is also
maintained at a postpubertal observation. Consid-
ering that our findings are based on cross-sectional
data, the possibility that Class IT dentoskeletal dis-
harmony does not have a tendency to self-correct
with growth should not be neglected.

Even though the present data are cross-sectional,
they represent the first attempt to investigate possi-
ble gender differences of mandibular sizes in Class I
and Class II subjects, within the same stage of bone
maturation. Our results indicate that boys with the
Class I pattern had greater mandibles than girls at
stages CS2, CS4 and CSS5, whereas in the Class II
pattern the boys had greater mandibles than girls at
stages CS2, CS3 and CS4. The similar mandibular
lengths observed in Class II boys and girls at stage
CSS5 indicates the possibility of a “catch up” period
in mandibular growth in Class II girls at this later
stage (CS5) of bone maturation. This finding can
also be observed when the between-stages differ-
ences in boys and girls are compared (Tables 4 and
5). Although the between-stages differences in Class
I and Class IT boys are very similar, a significant in-
crease in mandibular length from stage CS4 to CSS
was observed only in the Class II girls, but not in
the Class I girls. These results suggest that Class 11
girls can present a delay in the mandibular growth,
and this information has important orthodontic
clinical implications. A substantial number of treat-
ment protocols in dentofacial orthopedics benefits
from the inclusion of the period of accelerated man-
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dibular growth. For example, functional appliances
have been shown to be more effective when used in
the peak of mandibular growth rather than earlier.?”
However, some authors have stated that because of
the high variability in mandibular growth, ortho-
dontists should take care to make this prediction for
the individual patient.> Therefore, the variables in-
volved in the skeletal maturation should be known
to improve the effectiveness of this biological index
as an orthodontic tool in clinical practice.

Racial variations in the relationships between
skeletal maturity established by different methods
of evaluation were previously reported.'®'?* These
variations could be due to the predominant ethnic
origin, climate, nutrition, socioeconomic level and
urbanization.’® The outcomes of the present study
suggest that the gender and the type of skeletal mal-
occlusion are also important factors to be consid-
ered in the skeletal maturity evaluation of a patient.
Although most of the studies report that the peak
in mandibular growth occurs between the CS3 and
CS4 stages,?”?® this does not seem to be the case in
Class II girls, in whom significant “delayed mandib-
ular growth” could occur at stage CSS5. This possible
“catch up” growth of the mandible in Class IT girls
does not mean that the Class II will change to Class
I, but this finding is extremely relevant in order to
avoid equivocal prediction of the peak in mandibu-
lar growth and, consequently, underestimate growth
potential in these patients. Nevertheless, some limi-
tation must be considered in this study, such as the
lack of evaluation of regional growth and remodel-
ing of the mandible. Moreover, the sample for our
study did not include all types of Class II subjects
who would be encountered in clinical practice, and
the conclusions therefore cannot be extended to pa-
tients with different problems.

Conclusions

® Subjects with skeletal Class I and Class II pat-
terns had different mandibular lengths at the
earlier stages of bone maturation.

® A sexual dimorphism in this measure was ob-
served at almost all stages, in exception of the
CS5 stage in Class 1II.
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