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Mandibular growth comparisons of Class I and Class II division 1

skeletofacial patterns

Helder B. Jacoba; Peter H. Buschangb

ABSTRACT
Objective: To determine class and sex differences in mandibular growth and modeling.
Materials and Methods: A mixed-longitudinal sample of 130 untreated French-Canadian
adolescents, 77 (45 boys and 32 girls) with Class I (normal or abnormal) occlusion and 53 (26
boys and 27 girls) with Class II division 1 malocclusion, was used. Based on eight landmarks, eight
traditional measurements were used to compare the anteroposterior position of the maxilla and
mandible, relationship between the jaws, and mandibular size. Mandibular superimpositions were
used to compare the horizontal and vertical changes of condylion, gonion, and menton.
Results: While there were no differences in maxillary position based on the SNA angle, Class IIs
had more retrognathic mandibles than did Class Is. Total mandibular length was greater in Class Is
than in Class IIs at 15 years of age. Superior and total growth and modeling changes at condylion and
gonion, respectively, were greater for Class Is than Class IIs. Boys were more prognathic than girls;
they had larger mandibles and exhibited greater size increases and growth changes than girls did.
Conclusions: There are both class and sex differences in mandibular growth and modeling.
(Angle Orthod. 2014;84:755–761.)
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INTRODUCTION

Class II malocclusion, classified based on the distal
relationship of the mandibular molar relative to the
maxillary molar,1 affects a substantial numbers of
individuals. The National Health and Nutrition Exam-
ination Survey estimated, based on overjet, that
approximately 14.7% of the US population has Class
II malocclusion, with prevalence decreasing from
22.6% between 8 and 11 years of age, to 15.6%
between 12 and 17 years of age and then to 13.4%
between 18 and 50 years of age.2 The National Center
for Health Statistics reported that 20.4% of 6- to 11-

year-olds have bilateral Class II molar relationships,3

compared with 14.5% of 12- to 17-year-olds.4

Most studies that classified malocclusion based on
dental relationships have reported no differences
between Class Is and IIs in maxillary AP position and
mandibular retrusion among Class IIs.5–7 When indi-
viduals whose AP skeletal relationships worsened over
time (ie, whose AP discrepancies increase) were
compared with those whose relationships improved,
the differences were again due to mandibular, and not
maxillary, growth.8

Based on studies evaluating mandibular size and
growth changes, it remains unclear exactly why Class
IIs tend to be retrusive. Shorter total and mandibular
corpus lengths have been reported among Class IIs
compared with Class Is,9–12 although no differences
have also been found.7,12–14 Some studies have shown
greater growth in total mandibular length among Class
Is than Class IIs,7,9,12 while others have not.10,11 Greater
increases in mandibular corpus length among Class Is
than Class IIs have been demonstrated by some7,9 but
not all of the studies.13,14 Ramus heights have been
reported to be shorter10,15 and no different9,12,14 among
Class IIs than Class Is. Growth increases in ramus
height have also been shown to be both different12 and
not different.9,14,15
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To determine the growth differences between Class
Is and Class IIs, individual landmarks must be
examined. Evaluating landmarks, rather than distanc-
es and angles, makes it possible to quantify the
changes that take place independent of the growth
changes occurring at other sites. For example,
increases of ramus height depend on the growth at
condylion and resorption at gonion. Similarly, growth
direction influences linear dimensions; 10 mm of
vertical condylar growth affects overall mandibular
length less than 10 mm of posteriorly directed growth
(Figure 1). Class differences in the growth of individual
landmarks, which make it possible to delineate growth
direction, have not been previously evaluated.

To reconcile the existing inconsistencies and pro-
vide new comparisons based on the growth of
individual landmarks, the present project was designed
to evaluate longitudinal changes that occur during
adolescence. The specific aims were to determine
whether there are differences in mandibular growth
between Class Is and Class IIs and to evaluate sex
differences in mandibular growth. The null hypothesis
was that there are no differences between groups.

MATERIALS AND METHODS

The data were derived from a mixed-longitudinal
sample collected by the Human Growth Research
Center, University of Montreal.16 Using a random-
number generator, the sample was randomly chosen

from 107 schools from three school districts repre-
senting the socioeconomic background of the larger
population. The sample was restricted to adolescents
with four French-Canadian grandparents. The sample
included 71 boys and 59 girls, evaluated at 10 (T1) and
15 (T2) years of age. Approximately 7.1% and 13.9%
of the observations had missing data at T1 and T2,
respectively. The sample included adolescents classi-
fied as having Class I (normal or abnormal) occlusion
or Class II division 1 malocclusion based on their molar
and canine relationships (Table 1).

All cephalograms were traced and digitized by the
same technician. Radiographic enlargement was
11.08%. Eight landmarks (Figure 2) were used to
compute eight traditional measurements. Technical
reliability of the landmarks ranged between 90% and
99%, with the horizontal aspect of the condylion having
the largest error (Table 2). Four measures of jaw
position (SNA, SNB, ANB, and MPA angle), three

Figure 1. Same amounts (10 mm) of condylar growth (continuous lines) produce differences in total mandibular length (CoGn), depending on the

growth direction. Initial CoGn (100 mm) (continuous line) increased to approximately 106 mm with vertical condylar growth (dotted line) and to

approximately 110 mm with posterior condylar growth (dashed line).

Table 1. Cross-Tabulation Showing the Sample Sizes Based on

Class and Sex

Classification

Dental

Class I Class II Total

Female 32 27 59

Male 45 26 71

Total 77 53 130
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measures of mandibular size (CoGn, CoGo, GoGn),
and the gonial angle were computed.

To describe growth and modeling of the mandibular
landmarks, each subject’s radiographs were superim-
posed on natural mandibular reference structures.17

Reliability of the mandibular superimpositions was
93%.18 Rectangular coordinates (X, Y) were used to
describe the horizontal and vertical positions of each
landmark. The mandibles were superimposed and the
tracings were registered on the T1 sella and oriented
using a horizontal reference line (RL), defined by the
T1 sella-nasion minus 7u (Figure 2). For example, the
horizontal change of condylion (Co_h) was measured
parallel to the RL, and its vertical (Co_v) change was
measured perpendicular to the RL. The hypotenuse
! (horizontal change2 + vertical change2) was calculat-
ed to define the total change for each landmark.
Negative values indicated changes in the inferior and
posterior directions; positive values indicated changes
in the superior and anterior directions. Relative growth
differences between the sexes and between the
classes were computed as percentages. For example,
the relative difference between Class IIs and Class Is

was calculated as {[(Change Class Is – Change Class IIs)/
Change Class IIs] 3 100}.

Statistical Analysis

The measurements were transferred to SPSS
software (version 19.0, SPSS, Chicago, Ill) for evalu-
ation. Based on the skewness and kurtosis statistics,
the variables were judged to be normally distributed.
Paired t-tests were used to evaluate changes over
time (ie, differences between 10 and 15 years of age).
Two-way analysis of variance was used to compare
the groups. A probability level of .05 was used to
determine statistical significance.

RESULTS

Between 10 and 15 years of age, Class Is and Class
IIs showed statistically significant (P , .05) decreases
in the ANB angle, due primarily to increases in the
SNB angle; they also demonstrated significant de-
creases in the mandibular plane (MPA) and gonial
(CoGoMe) angles and increases in all three measures
of mandibular size (Table 3). Both Class Is and IIs
exhibited posterosuperior growth changes at condyli-
on, posterosuperior modeling at gonion, and anteroin-
ferior modeling at menton (Table 4).

While boys showed small decreases in ANB angle
and MPA, girls showed no significant changes
(Table 5). Both sexes demonstrated significant de-
creases in the gonial angle as well as increases in
ramus height, corpus length, and total mandibular
length. Boys and girls showed statistically significant
condylar growth and mandibular modeling between 10
and 15 years of age (Table 6).

Class Differences

The ANB angle was significantly (P , .001) smaller
in Class Is than in Class IIs at 10 and 15 years of age,
due to differences in the SNB angle (Table 3). Total
mandibular length (CoGn) was also significantly larger
at 15 years in Class I than in Class II subjects, but
there were no differences at 10 years of age. Neither
the measures of jaw position nor size showed

Figure 2. Cephalometric landmarks digitized: (S) sella, (N) nasion,

(Co) condylion, (Go) gonion, (Me) menton, (A) A-point, and (B) B-

point. Horizontal and vertical measurements were obtained by

registering on sella (S) and orienting on SN 27u.

Table 2. Technical Reliability of the Landmarks

Reliability

Landmark Horizontal Vertical

Nasion .989 .983

A-point .969 .973

Condyle .899 .920

Gonion .980 .989

Menton .985 .982

Gnathion .988 .984

Pogonion .988 .995

B-point .986 .977
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significant group differences in the changes that
occurred between 10 and 15 years of age. Class Is
showed significantly more superior and total condylar
growth (<16%) than Class IIs (Table 4). They also
showed significantly greater superior (24%) and total
(14%) modeling at gonion.

Sex Differences

At 10 and 15 years of age, boys had larger
mandibles than girls (Table 5), with differences in-
creasing significantly over time. The only other
statistically significantly sex differences pertained to
the SNA and SNB angles at 15 years of age, which
were larger in boys than in girls, due to greater male
increases between 10 and 15 years. Compared with
girls, boys also had significantly greater (30%) superior
and total condylar growth, greater (30%) posterosu-
perior modeling at gonion, and greater anterior (30%),
vertical (24%), and total (23%) modeling at menton
(Table 6).

DISCUSSION

As expected, the ANB angle was smaller (by
approximately 2u) in Class Is than in Class IIs at both

10 and 15 years of age. While most studies have
reported smaller ANB angles among untreated Class I
than Class II subjects,7,12,13,15 Bishara reported no
differences, which could have been due to the
sample’s age or the vertical growth patterns of the
Class I sample.11 Approximately 75% of subjects
with Class II dental malocclusion also have Class II
skeletal relationships,19,20 indicating that the Class II
dental malocclusion is primarily due to the skeletal
discrepancies.

Group differences in the ANB angle were mainly due
to mandibular retrusion. Subjects with Class I and II
malocclusion had SNA angles that were comparable;
Class IIs had SNB angles that were approximately 2u
smaller than Class Is at 10 years and almost 2.5u
smaller at 15 years. Mandibular retrusion of Class IIs
has been previously shown to be the primary
determinant of the ANB discrepancies when the
classification is based on dental criteria.6,9,12 The
mandible might be expected to be the primary
determinant because it is the least mature structure
in the craniofacial complex and, therefore, under the
greatest environmental and epigenetic influence.21

Importantly, the mandibular plane angles of both
Class I and Class II subjects were similar, as were the
decreases in the mandibular plane angles over time.
Ngan and coworkers7 also found no differences in the
MPA between Class Is and IIs. Previous reports of
greater vertical growth among Class IIs did not
compare their samples to Class I controls.6,22 The lack
of vertical discrepancies is important because mandi-
ble rotation has been closely associated with chin
projection.17,23–25 If the Class II problem is primarily
mandibular and retrusion is not due to vertical
discrepancies, then there must either be mandibular
growth deficiencies or differences in cranial base
morphology. Larger cranial base lengths and angles
have been reported for Class IIs than Class Is.26–28

Class II subjects have less condylar growth during
adolescence than Class Is. Total and vertical condylar

Table 3. Descriptive Statistics and Statistical Comparisons for Cephalometric Measures in Class I and Class II Subjects at Age 10 Years and

15 Years and Changes Between 10 and 15 Yearsa

10 Years of Age 15 Years of Age 10–15 Years of Age

Class I Class II Class I Class II Class I Class II

Variable Mean SD Mean SD Probability Mean SD Mean SD Probability Mean SD Mean SD Probability

SNA 80.38 3.66 80.40 2.79 .974 81.00 3.61 80.51 3.44 .481 0.32 1.43 0.17 1.69 .612

SNB 77.50 3.05 75.48 2.62 ,.001 78.54 2.93 76.09 3.16 ,.001 0.90 1.41 0.54 1.65 .227

ANB 2.87 1.75 4.91 1.74 ,.001 2.36 1.99 4.43 1.81 ,.001 2.58 1.58 20.37 1.36 .473

MPA 36.11 4.48 36.64 4.13 .493 34.88 4.77 35.54 5.29 .501 21.08 2.24 21.34 2.54 .563

CoGoMe 127.38 4.18 126.81 4.52 .462 124.58 3.88 124.12 5.42 .602 22.70 2.25 22.66 2.38 .927

CoGn 95.71 4.36 94.69 3.99 .175 108.22 5.96 105.80 5.69 .026 11.94 3.41 10.88 2.54 .077

CoGo 45.36 2.96 44.81 2.46 .273 52.97 3.96 51.88 4.01 .138 7.36 2.43 6.93 2.08 .334

GoGn 61.79 3.42 61.44 3.06 .557 69.70 4.12 68.42 4.57 .109 7.50 2.07 6.78 1.75 .057

a Bold font indicates significant change over time.

Table 4. Horizontal, Vertical, and Total Changes Between Dental

Class I and Class II Subjects Based on Mandibular Superimposition,

Oriented Relative to SN 27u

Class I Class II

Variable Mean SD Mean SD Difference Probability

Co_h 21.89 1.45 21.70 1.29 0.19 .474

Co_v 13.84 3.57 11.94 3.01 1.90 .004

Co_total 14.05 3.56 12.14 2.99 1.91 .003

Go_h 23.78 1.45 23.77 1.61 0.01 .975

Go_v 6.61 2.44 5.33 2.55 1.28 .009

Go_total 7.79 2.32 6.86 2.13 0.93 .034

Me_h 1.01 .85 0.99 .95 0.02 .912

Me_v 20.53 .42 20.57 .56 20.04 .665

Me_total 1.24 .81 1.29 .93 20.05 .795

a Bold font indicates significant change over time.
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growths were approximately 16% less in the Class II
sample (Figure 3A). Class differences in the growth of
ramus height were much smaller (6.2%) than the
differences in condylar growth. The difference can be
explained by resorption at gonion. For every 1 mm that
the condyles grew superiorly, resorption relocated
gonion almost 0.5 mm.29,30 The Class differences in
the growth direction of gonion over time (ie, slightly
more posterior and less superior for Class IIs) reduces
differences in ramus height (Figure 3B). Similar or
slightly lesser amounts of vertical resorption at gonion
have been previously shown to occur for every
millimeter of superior condylar growth.29,30 The greater
the inferior displacement, the greater the growth at
condylion and resorption at gonion.30 The fact that
ramus height underestimates the growth that occurs at
condylion explains why this and other studies have
found no differences in ramus height between adoles-
cents with Class I and Class II malocclusions.11,14 The
present study is the first to show significantly more
condylar growth, based on mandibular superimposi-
tions, among untreated Class Is than Class IIs.

The total mandibular length of Class IIs was
significantly shorter at 15 years of age but not at
10 years. Stahl and coworkers12 also showed greater

total length among older, but not younger, Class Is.
Bishara et al.10 suggested that Class Is have larger
mandibles in the mixed but not the permanent
dentition, but their Class I mixed dentition subjects
were significantly more hyperdivergent than their Class
II subjects.

The SNA and SNB angles increased significantly in
boys between 10 and 15 years of age and did not
change in girls, resulting in angles that were 1.7%–2.2%
larger among 15-year-old boys. Previous studies have
not shown sex differences in the anteroposterior position
of the jaws among either Class IIs or Class Is.10,31–33 Boys
also showed significant decreases in the MPA, whereas
girls did not. Nevertheless, there were no sex differenc-
es in the MPA at 10 and 15 years nor in the changes of
the mandibular plane that occurred, as previously
reported.10,31,32 This suggests that boys undergo more
horizontal and less vertical growth than girls do.21

Male mandibles were consistently larger and grew
more than female mandibles. Previous studies have
reported sex differences at some ages but not
others.10,13,31 Riolo et al.31 reported significant sex
differences for total mandibular length and ramus height
but not for corpus length, while others have found sex
differences in corpus length.13,33,34 With respect to
ramus height, both statistically significant33,35 and no
differences34 have been reported. Sex differences
increased between 10 and 15 years because boys
have a more intense adolescent growth than girls.36,37

The sexual dimorphism identified between 10 and
15 years of age may be confounded by sex differences
in the timing of adolescence. Peak adolescent velocity
is usually attained at 13.6 6 1.3 years of age for boys
and at 11.8 6 1.2 years of age for girls.37 As such, girls
enter their adolescence phase of growth approximately
2 years before boys (ie, at approximately 10 years). As
such, the 10-year-old estimates of dimorphism should
not, on average, be affected by these maturational
differences. If there were no sex differences in yearly
growth rates during adolescence, these maturational

Table 6. Horizontal, Vertical, and Total Changes of Male and

Female Subjects Based on Mandibular Superimposition, Oriented

Relative to SN 27u

Male Female

Variable Mean SD Mean SD Difference Probability

Co_h 21.82 1.45 21.79 1.30 0.03 .897

Co_v 14.35 3.45 11.01 2.35 3.34 ,.001

Co_total 14.55 3.39 11.21 2.43 3.34 ,.001

Go_h 24.15 1.49 23.19 1.36 0.96 .001

Go_v 6.56 2.66 5.31 2.21 1.25 .011

Go_total 7.99 2.40 6.48 1.74 1.51 .001

Me_h 1.19 0.97 0.71 0.65 0.48 .002

Me_v 20.61 0.55 20.45 0.32 0.16 .064

Me_total 1.47 0.93 0.93 0.60 0.54 ,.001

a Bold font indicates significant change over time.

Table 5. Descriptive Statistics and Statistical Comparisons of Males and Females at Ages 10 Years and 15 Years and Changes Between 10

and 15 Years

10 Years of Age 15 Years of Age 10–15 Years of Age

Male Female Male Female Male Female

Variable Mean SD Mean SD Probability Mean SD Mean SD Probability Mean SD Mean SD Probability

SNA 80.73 3.54 79.97 3.01 .195 81.35 3.65 79.95 3.21 .045 .49 1.51 20.10 1.53 .049

SNB 77.09 3.19 76.19 2.80 .096 78.17 3.40 76.49 2.72 .007 1.11 1.45 0.18 1.45 .001

ANB 3.64 1.98 3.77 2.06 .709 3.09 2.25 3.46 2.05 .395 20.64 1.49 20.27 1.47 .212

MPA 35.87 4.36 36.87 4.27 .193 34.48 4.99 36.22 4.81 .072 21.45 2.22 20.77 2.52 .143

CoGoMe 127.08 4.04 127.22 4.66 .847 124.21 4.25 124.80 4.85 .502 22.87 2.28 22.40 2.29 .304

CoGn 97.18 3.93 93.02 3.38 ,.001 109.94 5.24 102.80 3.88 ,.001 12.67 3.26 9.64 1.61 ,.001

CoGo 45.99 2.82 44.11 2.34 ,.001 53.93 3.83 50.30 2.72 ,.001 7.81 2.39 6.18 1.71 ,.001

GoGn 62.91 2.88 60.11 3.07 ,.001 70.90 3.84 66.18 3.27 ,.001 8.00 1.87 5.94 1.37 ,.001

a Bold font indicates significant difference between sexes or significant change over time.
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differences might be expected to underestimate sex
differences at 15 years of age, as well as the changes
that occur between 10 and 15 years. However, boys
have greater peak velocities than girls,36,37 making it
difficult to determine exactly how sex differences in the
timing of adolescence might be expected to affect the
results of the present study.

CONCLUSIONS

Based on a sample of 130 untreated French-
Canadian adolescents at 10 and 15 years of age:

N Class IIs have larger ANB angles due to retrusive
mandibles rather than protrusive maxillas.

N Class IIs exhibit less vertical condylion growth and
less gonial modeling than Class Is; condylar growth
deficiencies among Class IIs resulted in shorter
overall mandibular lengths at 15 years of age.

N Boys are relatively more protrusive than girls; their
mandibles are larger and grow more than female
mandibles.
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