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Current Researchin Craniofacial Growth Differences in
Individuals with Skeletal Class Ill and
Class | During Different Growth Periods

Iskeletsel Sinif 11l ve Sinif | bireylerin Farkl Blytme
Donemlerindeki Kraniofasiyal BlUyume Farkliliklari

ABSTRACT

Ebru' KUCUKKARASN Objective: The purpose of this study is to compare the craniofacial growth of individuals with
Neslihan UCUNCU skeletal class Ill and class | structure at different stages of growth periods.

‘Department of Orthodontics, Methods: The study includes 266 untreated individuals with class | and class Il malocclusion
Eaculti ‘L’Jf E.)entlitryA,A;karaTYHElrlm admitted for orthodontic treatment. The individuals were divided according to their genders—
eyazit Fniversity, Ainkara, TUrkey male and female—and growth periods based on the hand-wrist films. The differences between

°Department of Orthodontics, h h iod d fol land cl Il individual isticall | d
Faculty of Dentistry, Gazi University, the growth periods and sex groups of class | and class Ill individuals were statistically evaluated.

Ankara, Turkey Results: In the study, there was no difference between class | and class IIl in terms of anterior and
posterior cranial base length. The cranial base angle was shown to be lower in class Ill individuals
thanin class | individuals. Effective maxillary length (Co-A) is significantly lower in class Ill patients
than in class | individuals. Mandibular growth dimensions of the class Ill and class | groups are
similar in the early period however, differences between the two groups increase in later periods.
Craniofacial and mandibular sizes were larger in class | and class Il males than females. We found
that protrusion of the maxillary incisor and retrusion of the mandibular incisor become increas-
ingly evident as development progresses.

Conclusion: In class Il and class | individuals, the amount of maxillary and mandibular growth is
similar in the early stages of development, whereas in class Ill individuals the skeletal discrepancy
is intensified in the later stages of development.

Keywords: Malocclusion, Angle class Ill, cephalometry, pubertal growth
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Amagc: Bu calismanin amaci, iskeletsel sinif Il ve sinif | yapiya sahip bireylerin farkli blytime
donemlerindeki kraniyofasiyal biylimelerini karsilastirmaktir.

Yontemler: Calismaya ortodontik tedavi igin basvuran sinif | ve sinif Il malokliizyona sahip
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INTRODUCTION

Class Il anomalies may arise from the interrelationships of den-
toalveolar and craniofacial structures and their combinations."?
Spalj et al reported that 43% of class Ill individuals had a man-
dibular protrusion, 19.6% had maxillary retrusion, and 4.7% had
both protrusion and retrusion.® Although the prevalence of class
lIl anomalies varies based on ethnicity, it is around 12% in the
Asian population # and approximately 1% in the European Ameri-
can population.®

Genetics, congenital, and environmental factors are among the
factors that cause class Ill anomalies.® Class Il anomalies may
also occur due to environmental factors such as congenital ana-
tomical defects, syndromes, nasal congestion (nasal obstruction),
sinusitis, septum deviation, mouth breathing due to hypertrophic
tonsils and adenoids, tongue size, and position, and forced ante-
rior positioning of the mandible due to premature contacts.”®

Class Il cases typically have a negative ANB (A point, nasion, B
point) angle,?® increased posterior cranial base (S-Ba) length,
decreased anterior cranial base (SN) length?'® and cranial base
angle (SNBa),’”®" increased face height, increased mandibular
length (Co-Gn), corpus (Go-Gn) and ramus (Ar-Go) size,? a glenoid
fossa more anteriorly located,®"? protrusive maxillary incisors, and
retrusive mandibular incisors.2'%3* |n individuals with class IlI
skeletal structure, Wits values decrease over time, and there is an
increase in maxillomandibular difference and lower face height.™

The growth and development characteristics of craniofacial
structures may show different trends in different malocclu-
sions. In studies with class Ill individuals, the SNBa is smaller,
S-Ba increased, maxillary SNA and Co-A dimensions decreased,
whereas mandibular dimensions (Co-Gn), gonial angle, and lower
face height increased, with protruded maxillary incisors and
retrusive mandibular incisors.2'4'

The cranial base, especially the anterior skull base, which forms
the ethmoid-maxillary complex with the upper midface, has
great importance in craniofacial growth and development. It is
said that a disorder in SN growth will often be coupled by midfa-
cial insufficiency."” In individuals with class Ill malocclusions, the
posterior cranial base (S-Ba) horizontal growth is insufficient due
to early fused synostosis, and thus the condyles and glenoid fossa
are located more anteriorly with a smaller SNBa angle.'?"® In the
study of Reyes et al, the SNBa angle was reported to be smallerin
class Ill individuals, while the lower anterior face height was found
to be higher in advanced stages of development.™

According to Ochoa and Nanda,” changes in growth and devel-
opment in boys take approximately 2 years longer than in girls.
Maxillary growth slows down after 12 years of age in girls, and
mandibular growth slows down after 14 years of age. In males,
growth continues until the age of 16 years." Mitani et al*®* com-
pared class lll individuals with prognathic mandibles with class |
individuals, and their growth rates were found to be similar until
puberty but changed in later periods.

In class lll individuals, growth potential and shape are important
in the decision and success of orthodontic treatment. Consider-
ing that the majority of orthodontic treatments are performed
during the growth period, identification of the craniofacial growth
behavior will be helpful in choosing the right mechanics and tim-
ing of treatment in class Ill patients, especially in terms of the
intermaxillary relationship.?’ The HO hypothesis of this study was

determined that there is no difference in the dimensional and
angular values of craniofacial structures between class | and class
Il individuals and genders at different growth periods. This study
aims to compare the craniofacial growth of individuals with skel-
etal class Ill and class | at different growth periods.

MATERIALAND METHODS

This retrospective and cross-sectional study was conducted on
lateral cephalometric and hand-wrist films of 266 applicants for
orthodontic treatment. Individuals were chosen from the ortho-
dontics department’s archive using the patient registration
program (FileMaker Pro11). This study was approved by Gazi Uni-
versity Clinical Research and Ethics Committee (Date: 26.10.2011,
Number: 318).

The following criteria were taken into account in the selection
of individuals included in the study, who have not received orth-
odontic treatment, have no congenital tooth deficiency, skeletal
class | (ANB: 0-4°) and class Ill (ANB < 0°)?? have an anomaly class |
individuals with a balanced facial structure and class Ill individuals
with concave facial structure, individuals without any syndrome,
craniofacial anomaly, and cleft lip—palate.

In this study, the individuals were first divided into 2 main groups,
skeletal class Ill (h=133) and class | (h=133). Then, these groups
were also classified according to their genders as male and female.
These groups were divided into 4 subgroups based on the growth
periods (prepubertal, pubertal, postpubertal, and adult) deter-
mined based on the hand-wrist films?® (Table 1). The A values are
the amount of the difference values between the 2 periods (A1:
difference value between pubertal and prepubertal periods, A2:
difference value between postpubertal and pubertal periods, A3:
difference value between adult and postpubertal periods).

The lateral cephalometric and hand-wrist films belonging to the
groups were taken in x-ray machines (MORITA, J. Morita MFG.
CORP, Kyoto, Japan) under standard conditions with a magni-
fication difference of 1.1 mm. Lateral cephalometric films were
first scanned with a scanner (EPSON Scanner PerfectionV700)
at 300 dpi resolution and transferred to the computer. Later the
measurements were done with the digital cephalometric analy-
sis program of Dolphin Imaging Software (version 11.0, Dolphin
Imaging and Management Solutions, Calif, USA). 188 lateral
cephalometric radiographs belonging to 96 individuals randomly
selected from both groups were measured using intraclass cor-
relation coefficient (ICC) for a second time after 3 weeks from the
completion of the measurements, to evaluate individual error
control and intraexaminer reliability.

In this study, 25 cephalometric parameters, 13 angular, 11 linear,
and 1 proportional, were evaluated. SN, S-Ba, Wits, Co-A, Co-Gn,
N-ANS, ANS-Me, N-Me, S-Go, U1-NA, L1-NB length measure-
ments, BaSN, NSAr, SArGo, ArGoMe, SNArGoMe, SNA, SNB, ANB,
SN/GoGn, U1/SN, U1/NA, IMPA, L1/NB angular measurements,
and SGo/NMe proportional measurements were carried out
(Figure 1).

Statistical Analysis

The Statistical Package for the Social Sciences version 15.0 soft-
ware (SPSS Inc.; Chicago, IL, USA) was used to analyze the study’s
data. The NCSS PASS 2008 software program was used to do a
power analysis on the study’s sample size was analyzed. For this
purpose, information about the variables of interest (SNB, ANB)
from other similar studies was used as a reference.” As a result
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Table 1. Chronological and Skeletal Age Range and SD Values According to Growth Period and Genders

Chronological Age Skeletal Age
n Mean SD Minimum Maximum Mean SD Minimum Maximum
Class IIT M Prepubertal 18 10.40 1.42 8.08 12.83 9.98 1.62 7.00 12.50
Pubertal 16 12.84 1.32 11.00 16.25 13.47 0.43 13.00 14.00
Postpubertal 16 15.53 1.00 14.08 17.17 16.06 0.98 14.25 17.00
Adult 16 20.65 3.40 16.00 30.00 18.69 0.48 18.00 19.00
F Prepubertal 16 9.64 1.33 7.33 11.50 9.30 1.34 6.83 11.00
Pubertal 17 12.04 0.81 10.25 13.25 12.47 0.80 11.00 13.00
Postpubertal 16 13.64 0.86 12.42 15.25 14.69 0.75 13.50 16.00
Adult 16 17.59 2.24 13.50 21.83 17.56 0.73 16.00 18.00
Class I M Prepubertal 16 10.96 1.51 8.08 13.25 10.67 1.82 7.83 12.67
Pubertal 19 13.76 0.94 12.17 15.33 13.61 0.43 13.00 14.00
Postpubertal 16 15.70 1.19 14.00 18.25 15.97 1.87 10.00 17.00
Adult 16 17.98 1.59 15.92 20.67 18.31 0.48 18.00 19.00
F Prepubertal 17 9.42 1.52 7.08 12.42 8.85 1.27 6.83 10.00
Pubertal 16 11.98 0.81 10.42 13.50 12.06 0.85 11.00 13.00
Postpubertal 16 13.31 0.98 11.50 14.75 14.66 0.72 13.50 16.00
Adult 19 17.57 4.39 14.17 31.33 17.21 0.71 16.00 18.00

F, female; M, male.

Sella (S): Geometric midpoint of the sella turcica, Nasion (N): The most anterior point of the frontonasal suture, Ba
(Ba): The lowest and most posterior point in norma lateralis at the junction of the endocranial surfaces of the basis
occipitalis, Point A (Subspinal point) (4): The deepest point of the concavity on the middle contour of the alveolar
process, between the spinal nasalis anterior and the prosthion, B point (Supramental point) (B): Deep point on the
alveolar process between the infradentale and pogonion in the mandibular symphysis, Spina Nazalis Anterior (ANS):
The most extreme point of the maxillary bony prominence at the anterior base of the nose, Condyle (Co): The highest
and most posterior point of the mandibular condyle, Articulare (Ar): The point where the posterior border of the
mandibular condyle intersects with the skull base bone base image, Gonion (Go): The point where the bisector of the
angle between the mandibular and ramal planes intersects the mandible, Menton (Me): The lowest point of the lower
border of the mandibular symphysis, Gnathion (Gn): Midpoint of Menton and pogonion points, Pogonion (Pg): The
most anterior point of the mandibular symphysis in the sagittal direction, U/: The apex of the cutting edge of the
upper most anterior central incisor, Ula: Root tip of the upper most anterior central incisor, L/: The apex of the
cutting edge of the lower most anterior central incisor, L/a: Root tip of mandibular most anterior central incisor

Figure 1. Reference points and measurements used in cephalometric analysis.
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P<.05,P<.01,P<.001.

F, female; M, male.

‘Independent sample f-test"Mann-Whitney U-test.

of the analysis carried out by taking alpha (a)=0.05 and power (1
- f)=0.90, it was calculated that there should be at least 15 indi-
viduals in each group, for a total sample size of 240 individuals.
In the power analysis performed after the study for a=0.05 and
considering the number of individuals in each group, the power
was found to be between 0.87 and 1.00 for the SNB variable and
between 0.99 and 1.00 for the ANB in 4 different periods.

The conformity of the quantitative variables considered in the
study to the normal distribution was examined using the Shap-
iro-Wilk test and graphical methods. For statistical comparison
of 2 independent groups (the comparison of class Ill and class
| in each period and in each gender group, the comparison of
males and females in each period and in each class), “Indepen-
dent sample t-test” was used for normally distributed variables
and the “Mann-Whitney U-test” was used for non-normally dis-
tributed variables. The difference between 2 independent groups
and the previous growth period and the next growth period (A) in
each gender group in each class showing the difference between
periods was evaluated with the “Independent sample t-test” for
variables that normally distributed, and with the “Mann-Whitney
U-test” for variables that do the non-normally distributed. For all
statistical analyses, a value of P < .05 was accepted as the level of
statistical significance.

RESULTS

A total of 266 individuals were included in this study. The growth
periods, genders, chronological and skeletal age range values
of the groups, and sample size of individuals in the groups are
shown in Table 1. The intraexaminer reliability levels of the mea-
surements for each selected parameter were assessed by using
intraclass correlation coefficient (ICC). These values were close to
the exact value of 1.00 (0.813-0.993) for the measurement repeti-
tion coefficients (r) calculated.

The S-N and S-Ba dimensions were found to be larger in class IlI
males than females in the pubertal and adult periods, and the S-N
size in the postpubertal period. S-N dimensions were found to be
larger in class | males than females in the prepubertal, pubertal,
and postpubertal periods. Statistically significant increases were
observed in the S-N dimensions (A1 and A2) in class Il males and
(A2)inclass I males, as well as in the S-Ba dimensions (A1and A2)in
class lll females. Cranial base angle (BaSN) and saddle angle (NSAr)
were found significantly smaller in prepubertal class Ill males than
class | males, and in class Il females compared to class | females.
BaSN was observed to be significantly smaller in males in the class
Il group in adults than in females (Table 2 and 3, Figure 2).

The SArGo in the pubertal period, and the ArGoMe in the adult
period were found to be larger in class Ill females than in class |
females. While a significant decrease was observed in the SArGo
value in the A1 and the ArGoMe value in the A2 in the class IlI
males, a significant increase in the SArGo value in the A2 was
observed in the class | males. The SNArGoMe was found to be
smaller in prepubertal period class Ill females than in class |
females and in adult period class Il males than in females. When
the amount of change between the periods was compared, a
significant increase was observed in the A1 in class Ill females
(Table 2 and 3, Figure 3).

The SNA angle was found to be smaller in prepubertal class Il
males than females. In terms of SNA, a significant decrease was
observed in class lll females in the A1, while a significant increase
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was observed in the A3. The SNB angle for males and females in
the class Il group was found to be larger in the prepubertal and
adult periods compared with the class | males and females. While
a significant decrease was observed in class Ill females in the A1,
a significant increase was observed in class Il males in the A3.

The ANB and Wits values were found to be smaller in prepubertal,
pubertal, postpubertal, and adult periods for class Il females and
males than for class | females and males. When the amount of
change in ANB and Wits values between the periods were com-
pared, significant decreases were observed in class Ill males and
females in the A3 (Table 2 and 3, Figure 4).

The Co-A dimension was determined to be smaller in class
Il males and females than in class | males and females in the
growth periods. A significant increase was observed for class |l
and class | males in the A1, for class | females in the A2. The
Co-Gn dimension of the adult females and males in the class Il
group was found to be larger than the females and males in the
class | group. Besides, it was found that Co-A and Co-Gn dimen-
sion was larger in class Il males than females in all growth peri-
ods. Significant increases were observed in Co-Gn size for class
[l males in the A1, A3, for class Ill girls in the A1, A2, A3, and for
class | males and class | females in A1 and A2 (Table 2 and 3,
Figure 4).

Table 3. Changes of Measurements According to Class I, Class III Groups and Genders Between Growth Periods

A1 A2 A3
(Pubertal-Prepubertal) (Postpubertal-Pubertal) (Adult-Postpubertal)
Class III Class I Class IIT Class I Class III Class I
D D D D D D
S-N (mm) M 2.7% 1.9 3.1* 2.8* -0.7 —2.3
F 2.3 1.1 0.4 1.4 0.6 0.5
S-Ba (mm) M 3.6%* 3.0%* 0.3 0.3 15 -1.3
F 0.4 1.7 2.8* 1.4 -0.8 -1.8
BaSN () M 2.1 0.7 -11 -3.0 —1.4 0.5
F 2.1 0.9 -0.5 0.1 1.5 0.2
NSAr () M 2.0 2.4 0.3 -3.4 —2.5 1.0
F 3.2 0.1 -0.6 0.3 0.1 1.5
SArGo (%) M —5.5% -2.0 1.7 6.1%* 0.7 —-4.7
F 1.0 0.0 -0.6 1.7 -2.3 -0.3
ArGoMe (°) M 3.7 0.5 —4.5* -4.0 0.4 1.4
F 0.3 0.1 -1.2 -4.3 4.0 -0.2
SNArGoMe (°) M 0.2 0.9 2.6 -1.3 15 —2.2
F 4.4*%* 0.1 —-2.4 -2.2 1.8 1.0
SNA (%) M 0.7 0.8 0.6 -0.3 3.1% 1.2
F —2.5% 0.8 2.0 1.4 -0.9 -0.8
SNB () M 0.9 0.7 0.9 0.0 4.5%%% 0.7
F —2.7* 1.0 1.9 1.2 0.8 -1.0
ANB () M -0.2 0.1 0.3 -0.3 —1.4* 0.5
F 0.2 -0.2 0.1 0.2 —1.7** 0.2
Wits (mm) M -1.5 1.5 2.1 0.6 —4.0** -0.2
F 0.0 -0.6 0.0 0.4 —2.9*% 0.9
Co-A (mm) M 6.2%%* 6.0%%* 1.2 0.5 1.9 -11
F 2.1 2.2 3.2 4.0* 0.1 1.5
Co-Gn (mm) M 10.4*** 10.9%** 4.2 4.3* 7.3%* —4.3
F 7.4%%* 4.0%* 4.6* 5.6* 6.5%* 2.7
SN/GoGn (°) M 0.1 0.6 2.9 -1.6 -1.2 —2.0
F 3.9* -0.1 —-2.4 —-2.4 1.7 0.8
N-ANS (mm) M 3.0%* 3.2+ 1.4 2.5* 2.9% -1.0
F 3.2%* 2.7* 2.1 2.7* 0.4 1.4
ANS-Me (mm) M 7.2%%% 7.3%%% 4.5* 3.7% 0.9 —4.1
F 8.9*** 3.1 1.4 0.5 4.1 2.3
N-Me (mm) M 10.1%** 10.5%** 6.0* 6.5%* 3.6 —5.5%
F 12.2%%% 5.5% 3.5 3.2 4.8 3.9
S-Go (mm) M 7.9%%* 6.3%%* 7.8%%* 6.1%* 3.8 0.5
F 5.2%* 3.9*% 5.2% 4.0 1.0 1.7
SGo/NMe (%) M 1.2 -0.2 3.1* 1.6 0.9 3.2*%
F —-2.2 0.5 2.4 1.7 -1.5 —-0.6
U1/SN (°) M -0.2 3.8 3.5 0.8 0.9 —-0.6
F 0.9 1.2 -0.5 -3.2 3.2 1.1
U1/NA (%) M -0.9 3.1 41 1.0 2.2 -18
F 3.5 0.4 —-2.4 —4.6* 4.1 1.9
U1-NA (mm) M 1.2 1.9*% 2.3* 0.1 -0.8 0.1
F 3.3%** 1.3 -0.8 -1.4 1.6 0.9
IMPA (°) M -2.5 -0.5 5.8%* -1.9 —7.1% 2.4
F -0.4 1.5 -0.7 0.1 -=3.7 3.2
L1/NB (%) M 1.4 1.0 2.4 3.2 41 0.9
F 1.4 2.7 -1.2 -1.0 -1.1 3.3
L1-NB (mm) M -0.4 0.8 1.5* -0.6 -1.0 0.3
F 1.1 1.1 -0.3 -0.3 0.0 0.9

F, female; M, male.

*P<.05, "P<.01, P < .001. Al: difference value between pubertal-prepubertal period, A2: difference value between postpubertal-pubertal period, A3: difference value between adult-postpubertal period.
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Figure 2. SN, SBa, and BaSN changes of class Il and class | individuals according to growth periods.

Furthermore, the SN/GoGn angle was observed to be smallerin class
Il females than in class | females in the prepubertal period, and class
Il males were significantly smaller than females in the adult period.
It was found that there was a significant increase in class Ill males in

the A1. While the ratio of SGo/NMe was found to be smaller in class
Il males in the prepubertal period than in females, it was found to
be larger in the adult period. Furthermore, there were significant
increases in class lll males in the A2 and in class | females in the A3.
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Figure 3. NSAr, SArGo, ArGoMe, SNArGoMe changes in class Ill and class | individuals according to growth periods.
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Figure 4. SNA, SNB, ANB, Wits, Co-A, and Co-Gn changes of class Ill and class | individuals according to their growth periods.

The N-ANS, ANS-Me and N-Me dimension was found to be
greater in class Ill and class | males than females in the growth
periods. The ANS-Me and N-Me dimensions were found to be
smaller in the prepubertal period in class Il females compared to
class | females. Besides, there was a significant increase in class
Il and class | males, females in the A1. There was also a signifi-
cant decrease in N-Me in class | females and males in the A1, in
the class Il females in the A2, and in the class | males in the A3
(Table 2 and 3, Figure 5).

The U1/SN, U1/NA angles and U1-NA length were found to be
greater in class Ill females than in class | females in the postpu-
bertal, and in adult periods. U1-NA length showed a significant
increase in class Ill males in A2, in females in A1, and in class |
malesin A1. The IMPA, L1/NB angles and L1-NB length were signif-
icantly smallerin class Il males than in class | males in the prepu-
bertal, pubertal. The IMPA angle was also significantly smaller in

class Il females than class | females in the pubertal, postpubertal,
and adult periods, while the L1/NB angle was significantly smaller
in adult periods. In addition, U1/NA angle and U1-NA length, IMPA,
L1/NB angles, and L1-NB length were found to be greater in class
I males than females. In terms of IMPA, a significant increase was
observed in class Il males in the A2, while there was a significant
decrease in the A3 (Table 2 and 3, Figure 6).

DISCUSSION

Chronological orbone age is used in studies related to growth and
development. While there are studies based on chronological age
when creating age groups,>™'“?* there are also studies based on
bone age® or using other methods.' Besides the chronological
ages of all individuals included in this study, maturation periods
were determined by looking at the left hand-wrist radiographs
and the Greulich—-Pyle atlas,?® and groups were formed according

Curr Res Dent Sci 2023 33(4): 238-249 | doi: 10.5152/CRDS.2023.23257



246

Figure 5. SN/GoGn, N-ANS, ANS-Me, N-Me changes in class Ill and class | individuals according to growth periods.
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Figure 6. U1/NA, U1-NA, L1/NB, L1-NB changes in class Ill and class | individuals according to growth periods.

to the skeletal maturation periods as prepubertal, pubertal, post-
pubertal, and adult periods.?

Cranial Base Relationships
Bacetti et al reported that the glenoid fossa is located more anteri-
orly, with a reduced BaSN in class Il individuals.”? According to Reyes

Curr Res Dent Sci 2023 33(4): 238-249 | doi: 10.5152/CRDS.2023.23257

etal,"the BaSN in class Ill cases is smaller than in normal individuals
in all age groups. While it was observed to be between 129° and 131°
in normal individuals, it was found between 121° and 124° in class
Il cases." In this study, the BaSN was smaller in class IIl individuals
thanin class lindividuals, and in males compared to females (Table 2,
Figure 2). Therefore, the HO hypothesis of this study was rejected.
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While Guyer et al?> found the value of the saddle angle to be simi-
lar between class | and class Il individuals. Ellis and McNamara'
stated that a decrease in Saddle angle is a class Il cranial base
feature. In this research, in accordance with other studies, the
saddle angle (NSAr) was founded statistically smaller in class Il
group than class | group especially in the prepubertal and puber-
tal periods.

In Sanborn's study with class Ill individuals aged 16-18 years,
reported that the Gonion point is located more anteriorly
than the skull base and upper face, and the gonial angle
(ArGoMe) is greater in class Il individuals (133.6°) than in
class I individuals (123°)."° Guyer et al stated that the gonial
angle is approximately 5° larger in class Ill than class 1.2 Wolfe
et al reported that the gonial angle was higher in males than
females in the class | and class Il groups.?® Although smaller
values of the gonial angle were found in males than females
in this study, there were no statistically significant differ-
ences. Because the vertical angular dimensions measured in
this study are in the optimal angle values (SN/GoGn:30.1-35°)
(Table 2, Figure 3).

Maxillary and Mandibulary Skeletal Relationships

Studies have reported that SNA angle and CoA are smallerin class
Il individuals 21416202627 \When we compared the SNA values in this
study with Steiner norms,? it was found that the SNA values in
the class | group were smaller. In this study, SNA values were
found to be 79.6°-81.2° in class | males and 79.3°-81.5" in females.
This study finding indicate that there is no difference in the SNA
angle between class Il and class | individuals, except gender vari-
ations. Since the SNA value can be affected by the inclination of
the SN plane and the degree value is smaller than mm value, no
statistical difference was found.

When we compared the SNB values in this study with Steiner
norms,® it was found that the SNB values were smaller. In this
study, SNB values in the class | group were found to be 77.2°-78.6°
in class | males and 76.9°-79.1° in females. Miyajima et al reported
that the SNB angle in class Ill females increased by approximately
3°from early mixed dentition to adulthood.® In class Il females
in this study, the SNB value first decreased by 2.7°(in the A1) and
increased in the following periods (in the A2 and A3). The highest
increase was observed in class Ill males and in A3 (4.5%)(Table 3,
Figure 4).

Guyer et al reported that the Co-Gn dimension was 3-6 mm
longer in class Il individuals than in class | individuals.? Reyes
et al" reported that the amount of growth was higher in class
[l individuals than in class | individuals. Besides, they reported
that the greatest increases in mandibular dimensions occurred
in class Ill individuals approximately 1 year after class I individu-
als. In males with class Il anomalies, the highest increase in
Co-Gn dimension occurs between the ages of 12-13 (4.2 mm),
with an average increase of 2.9 mm." Similarly, in this study, the
highest increase was observed in the A1, and this increase was
10.4 mm in males and 7.4 mm in females on average. When the
Co-Gn findings of class | individuals were compared with McNa-
mara norms?® (105-131 mm in class | boys, 103.3-121.6 mm in
girls), the Co-Gn sizes in this study were found to be smaller.
Considering the Co-Gn averages of this study, it was found
between 110.3-125.5 mm in class | males and 106-118.3 mm in
females (Table 2, Figure 4).

Intermaxillary Relationships

Wolfe et al stated that ANB and Wits values were smaller in
class Ill individuals and became more severe in the negative
direction over time.?® In this respect, some cases stated that
growth can be better evaluated with the Wits measurement,
which is measured from the occlusal plane and is not affected
by vertical direction changes.®?® Chen et al stated that the class
Il structure was formed before the age of 8 years, and that
more vertical and transversal changes were observed in the
following period.?” In the study of Rutili et al, a worsening over
time of the skeletal characteristics (ANB, SNB angle, Wits, man-
dibular length) of class Ill malocclusion was described.*® Com-
patible with these studies, this study also observed that the
class Ill anomaly was exacerbated in both females and males
in ANB and Wits measurements in the A3. In class 3 individu-
als, even if the orthodontic treatment is finished in the early
growth period, the mandibula will continue to grow in later
growth periods and the risk of relapse should be taken into con-
sideration and appropriate clinical measures should be taken
(Table 3, Figure 4).

Studies in the literature stated that the morphological charac-
teristics of mandibular prognathism occur before the pubertal
growth spurt, and this situation is maintained in the following
period.?%3" Zegan et al in class Ill individuals found statistically
significant differences with several characteristics between the
prepubertal (<14 years) and pubertal-postpubertal (>14 years).*"
While there is no difference in mandibular dimensions in the pre-
pubertal and pubertal periods, there are obvious differences inthe
transition from postpubertal to the adult period. This should be
taken into account in treatment planning. In order to prevent the
possible risk of relapse due to continued growth until late peri-
ods, for example, the duration of treatment can be prolonged, or
class 3 elastics can be used to control mandibular growth. Thus,
the orthodontist will be able to create a more effective treatment
plan by taking some clinical measures.

Vertical Facial Relationships

In the Sanborn study, SN/GoGn values were reported as 33.17° in
class Ill individuals and 28.97° in class | individuals.’® On the other
hand, Wolfe et al stated that class Ill individuals have a hyperdi-
vergent growth pattern with increased mandibular plane angle.?®
In this study, the average of SN/GoGn is 30.1°-34.2° in class I
males, 31.2°-35.2° in females, 30.9°-34.4° in males in class | group,
32.4°-35° in females. It is seen that they have similar and opti-
mum values (Table 2). According to Ochoa and Nanda, the SN/
GoGn angle decreases from 6 to 14 years of age in individuals with
class | occlusion.’® In this study, decreases are observed in the A2
(Table 3).

Dentoalveolar Relationships

In individuals with class Il malocclusion, the upper incisors
are protrusive, and the lower incisors are retrusive as a result
of dentoalveolar compensation.2’®"# |n this study, it was
observed that proclinations increased in the upper incisors
in general during the 4 developmental periods, and there was
significant retroclination in the lower incisors in class Il cases
(Table 2, Figure 6).

In conclusion, we infer the following:

» The craniofacial and especially the mandibular dimensions are
larger in class | and class Il males than in females.

Curr Res Dent Sci 2023 33(4): 238-249 | doi: 10.5152/CRDS.2023.23257
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o The cranial base angle and effective size of the maxilla (Co-A)
are smaller in class lll individuals than in class | individuals.

e In Class Ill individuals, maxillary incisors are protrusive, and
mandibular incisors are retrusive.

o Although the growth rates between class Ill and class | indi-
viduals in the early period (A1) of the maxilla and mandible are
similar, these differences intensify in the later periods (A3). It
was found that the growth rate of the mandible was higherthan
the growth rate of the maxilla.

e The class Il intermaxillary relationship worsened over time.
Mandibular growth was found to continue into late growth
periods, especially in males.

« In class Ill individuals, even if orthodontic treatment is com-
pleted in the early growth period, the mandible will continue
to grow in later growth periods, and the risk of relapse should
be considered, and appropriate clinical measures taken. These
results reveal the importance of early diagnosis and treatment
in class Ill individuals.

Ethics Committee Approval: The ethical committee approval for this
study was obtained from Gazi University Clinical Research and Ethics
Committee (Date: 26.10.2011, Number: 318).

Informed Consent: Since this study was a retrospective archive study,
written informed consent was not obtained.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception — N.U.; Design — N.U.; Supervision —
N.U.; Data Collection and/or Processing — E.K.; Analysis and/or interpreta-
tion — E.K;; Literature Search — E.K.; Writing Manuscript — E.K.

Acknowledgments: The authors thank Professor Biilent Celik for the sta-
tistical analysis of this study.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: This study was based on the PhD doctoral thesis and supported
by Gazi University Scientific Research Projects Coordination Unit (Project
number: 03/2011-37).

Etik Komite Onay:: Bu calisma icin etik komite onayl Gazi Universitesi
Klinik Arastirmalar Etik Kurulu’ndan (Tarih: 26.10.2011, Say:: 318) alinmistir.

Hasta Onami: Bu calisma retrospektif bir calisma oldugundan yazili hasta
onami alinmamistir.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir — N.U.; Tasarim - N.U.; Denetleme - N.U.; Veri
Toplanmasi ve/veya islemesi - E.K.; Analiz ve/veya Yorum - E.K,; Literatiir
Taramasi — E.K,; Yazlyl Yazan —E.K.

Tesekkiir: Yazarlar, bu cgalismanin istatistik analizi icin Bllent Celik’e
tesekkir ederler.

Cikar Catismasi: Yazarlar gikar gatismasi bildirmemislerdir.

Finansal Destek: Bu calisma PhD doktora tezinden retilmis ve Gazi Uni-
versitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi atarfindan
desteklenmistir (Proje Numarasi: 03/2011-37).

REFERENCES

1. Ellis E, McNamara JA. Components of adult Class Ill malocclusion. J
Oral Maxillofac Surg. 1984;42(5):295-305. [CrossRef]

Curr Res Dent Sci 2023 33(4): 238-249 | doi: 10.5152/CRDS.2023.23257

10.

.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Guyer EC, Ellis EE, McNamara JA, Behrents RG. Components of class
Il malocclusion in juveniles and adolescents. Angle Orthod.
1986;56(1):7-30. [CrossRef]

Spalj S, Mestrovic S, Lapter Varga M, Slaj M. Skeletal components of
class Il malocclusions and compensation mechanisms. J Oral Reha-
bil. 2008;35(8):629-637. [CrossRef]

Lew KK, Foong WC. Horizontal skeletal typing in an ethnic Chinese
population with true Class Il malocclusions. Br J Orthod.
1993;20(1):19-23. [CrossRef]

Emrich RE, Brodie AG, Blayney JR. Prevalence of Class 1, Class 2, and
Class 3 malocclusions (Angle) in an urban population. An epidemio-
logical study. J Dent Res. 1965;44(5):947-953. [CrossRef]

Cruz RM, Krieger H, Ferreira R, Mah J, Hartsfield J, Oliveira S. Major
gene and multifactorial inheritance of mandibular prognathism. Am
J Med Genet A. 2008;146A(1):71-77. [CrossRef]

Proffit WR, Fields HW, Larson Brent SDM. Contemporary Orthodon-
tics. 6th ed. St.Louis:Mosby; 2018.

Graber TM, Rakosi T, Petrovic AG. Dentofacial Orthopedics with Fuc-
tional Appliances. St.Louis: CV Mosby; 1997.

Jacobson A, Evans WG, Preston CB, Sadowsky PL. Mandibular prog-
nathism. Am J Orthod. 1974;66(2):140-171. [CrossRef]

Sanborn R. Differences between the facial skeletal patterns of class
Il malocclusion and normal occlusion. Angle Orthod. 1955;25(4):
208-222.

Reyes BC, Baccetti T, McNamara JA. An estimate of craniofacial
growth in Class Ill malocclusion. Angle Orthod. 2006;76(4):577-584.
[CrossRef]

Baccetti T, Antonini A, Franchi L, Tonti M, Tollaro I. Glenoid fossa posi-
tion in different facial types: a cephalometric study. Br J Orthod.
1997;24(1):55-59. [CrossRef]

Baccetti T, Lorenzo F, McNamara JA Jr. Growth in the untreated class
Il malocclusion. Semin Orthod. 2007;13:130-142.

Battagel JM. The aetiological factors in Class Ill malocclusion. Eur J
Orthod. 1993;15(5):347-370. [CrossRef]

Alexander AE, McNamara JA, Franchi L, Baccetti T. Semilongitudinal
cephalometric study of craniofacial growth in untreated Class IlI
malocclusion. Am J Orthod Dentofacial Orthop. 2009;135(6):700.e1-
14; discussion 700. [CrossRef]

Miyajima K, McNamara JA, Sana M, Murata S. An estimation of crani-
ofacial growth in the untreated Class Ill female with anterior cross-
bite. AmJ Orthod Dentofacial Orthop.1997;112(4):425-434. [CrossRef]
Enlow DH. Handbook and Facial Growth. 2.nd ed. Philadelphia: Saun-
ders; 1982.

Proff P, Will F, Bokan I, Fanghé&nel J, Gedrange T. Cranial base features
in skeletal Class Il patients. Angle Orthod. 2008;78(3):433-439.
[CrossRef]

Ochoa BK, Nanda RS. Comparison of maxillary and mandibular
growth. Am J Orthod Dentofacial Orthop. 2004;125(2):148-159.
[CrossRef]

Mitani H, Sato K, Sugawara J. Growth of mandibular prognathism
after pubertal growth peak. Am J Orthod Dentofacial Orthop.
1993;104(4):330-336. [CrossRef]

Lu YC, Tanne K, Hirano Y, Sakuda M. Craniofacial morphology of ado-
lescent mandibular prognathism. Angle Orthod. 1993;63(4):277-282.
[CrossRef]

Riedel RA. The relation of maxillary structures to cranium in maloc-
clusion and in normal occlusion. Angle Orthod. 1952;22:142-145,
Grave KC, Brown T. Skeletal ossification and the adolescent growth
spurt. Am J Orthod. 1976;69(6):611-619. [CrossRef]

Chen F, Wu L, Terada K, Saito I. Longitudinal intermaxillary relation-
ships in class Il malocclusions with low and high mandibular plane
angles. Angle Orthod. 2007;77(3):397-403. [CrossRef]

Greulich WW, Pyle SI. Radiographic Atlas of Skeletal Development of
the Hand and Wrist. 2nd ed. CA: Stanfort University Press;
1959:61-245.

Wolfe SM, Araujo E, Behrents RG, Buschang PH. Craniofacial growth
of Class Ill subjects six to sixteen years of age. Angle Orthod.
2011;81(2):211-216. [CrossRef]


https://doi.org/10.1016/0278-2391(84)90109-5
https://doi.org/10.1043/0003-3219(1986)056<0007:COCIMI>2.0.CO;2
https://doi.org/10.1111/j.1365-2842.2008.01869.x
https://doi.org/10.1179/bjo.20.1.19
https://doi.org/10.1177/00220345650440053301
https://doi.org/10.1002/ajmg.a.32062
https://doi.org/10.1016/0002-9416(74)90233-4
https://doi.org/10.1043/0003-3219(2006)076[0577:AEOCGI]2.0.CO;2
https://doi.org/10.1093/ortho/24.1.55
https://doi.org/10.1093/ejo/15.5.347
https://doi.org/10.1016/j.ajodo.2008.06.025
https://doi.org/10.1016/s0889-5406(97)70051-9
https://doi.org/10.2319/013007-48.1
https://doi.org/10.1016/j.ajodo.2003.03.008
https://doi.org/10.1016/S0889-5406(05)81329-0
https://doi.org/10.1043/0003-3219(1993)063<0277:CMOAMP>2.0.CO;2
https://doi.org/10.1016/0002-9416(76)90143-3
https://doi.org/10.2319/0003-3219(2007)077[0397:LIRICI]2.0.CO;2
https://doi.org/10.2319/051010-252.1

249

27.

28.

29.

Chen F, Terada K, Wu L, Saito I. Longitudinal evaluation of the inter-
maxillary relationship in Class Il malocclusions. Angle Orthod.
2006;76(6):955-961. [CrossRef]
Steiner CC. Cephalometrics for you and me. Am J Orthod.
1953;39(10):729-755. [CrossRef]

McNamara JA. A method of cephalometric evaluation. Am J Orthod.

1984,86(6):449-469. [CrossRef]

30. Rutili V, Nieri M, Giuntini V, McNamara Jr JA, Franchi L. A multilevel

31

analysis of craniofacial growth in subjects with untreated Class IlI
malocclusion. Orthod Craniofac Res. 2020;23(2):181-191. [CrossRef]

Zegan G, Dascilu CG, Mavru RB, Anistoroaei D. Cephalometric fea-
tures of class Ill malocclusion. Rev Med Chir Soc Med Nat lasi.
2015;119(4):1153-1160.

Curr Res Dent Sci 2023 33(4): 238-249 | doi: 10.5152/CRDS.2023.23257


https://doi.org/10.2319/102005-371
https://doi.org/10.1016/0002-9416(53)90082-7
https://doi.org/10.1016/s0002-9416(84)90352-x
https://doi.org/10.1111/ocr.12356

