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Abstract
Background: There is relatively little appreciation of the changes in maxillary-mandibular relationships occurring
during adolescence among subjects with normal and increased overjet. The aim of this study was to assess differences
in changes in maxillo-mandibular relationships during the adolescent growth period based on the presence of
a normal (< 4 mm) or increased (> 4 mm) overjet in childhood. Our hypothesis was that there is no difference in the
change of the A point, nasion, B point (ANB) angle during growth between these two overjet groups. Lateral
cephalograms were obtained from 65 subjects taken from the American Association of Orthodontists Foundation
(AAOF) Craniofacial Growth Legacy Collections Project. Cephalograms were obtained at ages 7–10 (T0) and 14–17 (T1)
with allocation into two groups based on baseline overjet (> 4 mm: group 1, 2-4 mm: group 2). Random effects linear
regression was used to account for multiple within -patient measurements with dependent variables including anteroposterior skeletal pattern (based on sella, nasion, A point (SNA); sella, nasion, B point (SNB); and ANB angles).
Results: We included a similar number of males (n = 34; 52.3%) and females (n = 31; 47.7%). The mean ANB was
higher at baseline in group 1 (5.42, SD 2.16°) than in group 2 (3.08, SD 1.91°). The hypothesis was rejected as the ANB
angle reduced by 1.92° more in the larger overjet group with the association being statistically significant after
accounting for age and gender (P < 0.001; 95% CI 1.06 to 2.77). No significant gender-related effect (P = 0.624; 95% CI
− 0.637 to 1.07) was observed overall. However, there was no significant increase in SNA angle in the > 4 mm overjet
group compared to the 2–4 mm group (0.857°, P = 0.271; 95% CI − 0.669 to 2.383). The SNB angle increased by 1.15°
more in the higher overjet group but there was only weak evidence of an association (P = 0.086; 95% CI − 2.464 to
0.164).
Conclusions: A slight straightening of the facial profile was observed in both groups with a statistically significant
greater reduction in ANB arising in the group with larger baseline overjet. This translated into a marginal reduction in
the overjet in this group.
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Background
An appreciation of changes in maxillo-mandibular relationships during the adolescent growth period is integral
to planning the nature and timing of intervention, particularly growth modification directed at antero-posterior and
vertical correction. Although a retrognathic mandible,
prognathic maxilla or combination of both can contribute
to increased overjet, McNamara (1981), in an analysis of
277 8- to 10-year-olds, observed a prognathic maxilla in
only 25% of the class II sample with a retrognathic mandible predominating [1]. Similarly, Carter in a radiographic assessment of 30 untreated cases found a
retrognathic mandible is typical [2], reflected clinically in a
convex soft tissue profile [3].
It has been suggested that differences in craniofacial
measures between class II and the class I malocclusion
are established early in childhood and persist into the
adult dentition [3–6] with growth trends in both groups
of subjects being analogous [3–9]. However, reduced
mandibular growth rates among class II subjects compared with normal controls have been observed throughout the circum-pubertal period [3, 10–12]. In contrast,
no difference in mandibular growth in class II subjects
have also been found from the deciduous dentition into
the permanent dentition [3, 6]. Moreover, while no significant differences in the position of the maxillary base
and dentition have been identified in class II subjects
with growth [13, 14], other data describe significant increases in maxillary protrusion during the circumpubertal period [5].
Based on further longitudinal data from growth studies, some straightening of the profile and reduction in facial convexity may occur during the pubertal growth
phase [15], although this has not been a universal finding [12] and little change in the skeletal profile is
thought to occur in late adolescence [8]. A greater increase in absolute mandibular length is intuitive as its
overall dimension is greater than that of the maxilla with
the percentage difference in the increase between mandibular and maxillary less significant; mandibular length
also incorporates a marked vertical component, while
maxillary growth is usually measured from the anterior
nasal spine (ANS) to the posterior nasal spine (PNS) and
is therefore essentially horizontal. Moreover, in an analysis of 8–18 year-olds with skeletal 2 patterns and increased overjet who had no orthodontic treatment, over
4mm more forward growth of the mandible relative to
the maxilla was noted, although the occlusion and overjet was unaffected; this was attributed to the cuspal interdigitation [16]. Therefore, while increases in the
absolute mandibular dimensions exceed those of the
maxilla during adolescence, this does not normally result
in occlusal improvement in class II malocclusion without active orthodontic intervention [17].
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There is therefore conflicting data concerning growth
patterns in class II and class I subjects with relatively little information pertaining to differences during the
circum-pubertal period. The aim of this study was to assess differences in changes in maxillo-mandibular relationships during the adolescent growth period based on
normal (< 4 mm) or increased (> 4 mm) overjet in childhood. We hypothesized that there is no difference in the
changes in the A point, nasion, B point (ANB) angle
during growth, between subjects presenting with normal
and increased overjet in childhood.

Methods
The sample consisted of 65 subjects taken from the
American Association of Orthodontists Foundation
(AAOF) Craniofacial Growth Legacy Collections Project. Subjects were obtained from 7 out of 9 available
collections based on the inclusion criteria within the
primary studies. Specifically, 6 subjects were taken
from the Burlington Growth Study, 8 from Denver
Growth Study, 7 from Forsyth Twin Study, 5 from
Iowa Growth Study, 12 from Mathews Growth Study,
25 from the Michigan Growth Study and 2 from the
Oregon Growth Study.
Subjects were selected using a convenience sampling
approach based on the following inclusion criteria: (1)
lateral cephalograms available at ages 7–10 (T0) and
14–17 (T1) and (2) no prior orthodontic treatment.
In order to obtain the largest possible sample and increase the statistical power, all eligibile subjects were
included in the study. The subjects from Denver,
Iowa and Oregon growth studies were of Caucasian
origin, while those from Burlington, Mathews and
Michigan growth studies were of predominantly Caucasian origin, although specific information was not
available. Overall, the growth studies spanned a
period from 1927 to 1967 with children having their
first radiograph as early as 1 year of age.
Subjects were allocated into two groups based on baseline overjet as follows: Overjet in excess of 4 mm at age
7–10 (group 1) or ranging from 2 to 4 mm at age 7–10
(group 2). Where multiple cephalograms were available
within each age group for a subject, the earliest film in
the 7 to 10 years category and the latest film for the 14
to 17 years time-point were traced. Overjet measurements were obtained directly from data presented within
the AAOF website. The cephalograms were traced by
the same operator (M.T.) following training by the
senior researcher (P.S.F.) using digital image analysis
software (Digimizer Version 5.3.5). The following cephalometric angles were measured (Fig. 1): (1) SNA (sella,
nasion, A point), (2) SNB (sella, nasion, B point), (3)
ANB (A point, nasion, B point), (4) UIMx (long axis of
upper incisor to maxillary plane), (5) LIMP (lower
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Fig. 1 Cephalometric points, planes, lines and angles

incisor to mandibular plane) and (6) MMPA (maxillary
to mandibular plane). To determine intra-examiner reliability, 20 randomly chosen lateral cephalograms were
retraced by the same examiner (M.T.) 2 weeks after the
initial tracing using the same software to determine the
error resulting from landmark selection or tracing. Reliability was assessed by using Bland-Altman’s limits of
agreement for all measurements. It was found to be
good for all parameters (Table 1).
Descriptive statistics were calculated for demographic and clinical data where available including
linear and angular cephalometric measurements at
baseline (7–10 years) and at the later period (14–
17 years). The random effects linear regression
models were fitted to account for multiple within
patient measurements with dependent variables
SNA, SNB and ANB angles and independent variables including overjet group, age and gender. All
statistical analyses were conducted with STATA®
version 16 software (Stata Corporation, College Station, TX, USA).

Results
Overall, there were a similar number of males (n = 34;
52.3%) and females (n = 31; 47.7%). The two overjet
groups at T0 (age 7–10 years) had a similar number of
subjects with 33 subjects (50.8%) having an overjet above
4 mm (group 1) and 32 (49.2%) with an overjet of 2–4
mm (Table 2). Groups were comparable in terms of age
at both time-points (Table 3).
The mean SNA values were similar in both groups
at baseline increasing from 0.59 to 1.36° in both

groups (Table 3) with a slightly greater increase in
the normal overjet group (group 2; Table 3). SNB
values increased in both groups over the observation
period (2.26 to 2.5°) with the mean SNB value being
marginally higher in group 2 at the later time-point
(79.46° vs. 78.35°). In terms of ANB, the mean ANB
was higher at baseline in group 1 (5.42, SD 2.16°)
than in group 2 (3.08, SD 1.91°). A difference
remained at the later time-point, although this difference declined to 1.55° (Table 3).
The ANB angle reduced by 1.92° more in the higher
overjet group compared to the 2–4 mm of overjet group
with the association being statistically significant after
taking age into account (P < 0.001; 95% CI 1.06 to 2.77;
Table 4). As such, the profile straightened more in the
higher overjet group. No significant gender-related effect
(P = 0.624; 95% CI − 0.64 to 1.07) was observed. Random effects linear regression modelling revealed no significant increase in SNA angle in the > 4 mm overjet
group compared to the 2–4 mm group after adjusting
for age (0.94°, P = 0.22; 95% CI − 0.58 to 2.47). The SNB
angle increased by 1.15° more in the higher overjet
group after adjusting for age but there was only weak
evidence of this association (P = 0.11; 95% CI − 2.38 to
0.24). When older, the adolescents had a 0.308 increase
in the SNB angle compared to when they were younger
(P < 0.001).

Discussion
The results from the present analysis suggest that a reduction in facial convexity tends to occur with age irrespective of the start overjet, although this improvement
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Table 1 Assessment of the repeatability of measures in the
study (n = 20)
Mean

SD

82.35

4.18

Table 3 Clinical and cephalometric descriptive results per
overjet group at T0 and T1 (n = 65)

95% CI

At age 7–10 (T0)

SNA

Group 1

Measurement 1
Measurement 2

82.50

3.95

Differences

0.15

0.49

Average

82.43

Age
− 0.08, 0.38

4.11

SNB

At age 14–17 (T1)

Group 2

Group 1

Group 2

Mean

SD

Mean

SD

Mean

SD

Mean

SD

7.88

0.98

8.36

0.90

15.84

1.08

15.85

1.06

Overjet

6.21

1.86

2.98

0.54

5.16

1.58

3.28

1.33

SNA

81.25

2.92

80.04

3.80

81.84

3.46

81.40

3.52

SNB

75.85

2.28

77.20

3.03

78.35

3.08

79.46

3.41

5.42

2.16

3.08

1.91

3.51

1.93

1.96

1.83

Measurement 1

78.63

4.10

ANB

Measurement 2

78.85

3.91

MMPA

28.01

4.38

25.38

4.34

26.80

4.61

23.67

4.20

UIMx

113.97

4.83

115.92

4.86

114.36

5.99

113.75

5.31

94.03

4.60

97.20

4.51

96.44

5.52

97.85

6.99

− 0.03, 0.47

Differences

0.22

0.54

Average

78.74

4.01

LIMP

Measurement 1

3.73

2.64

Measurement 2

3.66

2.62

Differences

− 0.07

0.24

Average

3.69

2.63

Measurement 1

25.00

4.12

Measurement 2

24.85

3.98

may be marginally more marked in those with larger
overjet in pre-adolescence. Specifically, inter-maxillary
relationships appeared to change slightly in both groups
with minor increases in SNA (0.59 to 1.36°) being
dwarfed by more substantial increases in SNB (2.26 to
2.5°) leading to an overall reduction in facial convexity
reflected in a decrease in ANB by 1.12 to 1.91°. This
finding is in keeping with previous research [15, 17].
This improvement appears, however, to have marginal
effect in terms of occlusal relationships with the overjet
decreasing slightly more in the group experiencing more
favourable growth.
The straightening of the profile observed over a mean
observation of 7.7 years from 8.1 to 15.8 years reflects
changes arising in juvenile, pre-pubertal and adolescent
years. This finding mirrors a longitudinal study based on
the Belfast Growth Study, in which the SNA angle did
not change significantly between 5 and 15 years in all
groups (classes I, II and III) while the SNB angle increased slightly in all groups except for the class II division 2 females [10]. Similarly, Chung and Wong [18] in
an analysis of untreated skeletal class II males and females from ages 9 to 18 from the Bolton-Brush and Burlington Growth studies found that the SNA and SNB
angles increased and the ANB angle decreased in all
groups with age. The authors concluded that the skeletal

ANB

− 0.18, 0.04

MMPA

Differences

− 0.14

0.40

Average

24.92

4.05

Measurement 1

115.38

5.74

Measurement 2

115.54

5.70

Differences

0.16

0.42

Average

115.46

5.72

Measurement 1

96.85

3.99

Measurement 2

96.68

4.14

− 0.33, 0.04

UIMx

− 0.04, 0.36

LIMP

Differences

− 0.17

0.51

Average

96.76

4.06

− 0.4, 0.07

Table 2 Sample demographics (n = 65)
Group 1

Group2

Overall

Ν = 32

Ν = 33

Ν = 65

Min–max

7–10

7–10

7–10

Table 4 Changes in mandibular and maxillary position (ANB,
SNA and SNB) by overjet group (> 4 mm or 2-4 mm) at T0,
adjusted for age and gender (n = 65)

Mean (SD)

7.88 (0.98)

8.36 (0.9)

8.12 (0.96)

Variable Predictor

Min–max

14–17

14–17

14–17

Mean (SD)

15.84 (1.08)

15.85 (1.06)

15.85 (1.06)

Age T0

Age T1

ANB

Β-Coefficient 95% CI

Overjet group 2–4 mm Reference
> 4 mm

SNA

Sex
15

19

34

Female

17

14

31

SNB

1.92

1.06, 2.77

< 0.001

Overjet group 2–4 mm Reference
> 4 mm

Male

P value

0.94

− 0.58, 2.47 0.22

Overjet group 2–4 mm Reference
> 4 mm

− 1.07

− 2.38, 0.24 0.11
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class II relationship tended to improve with age, although no gender-related effect was observed in relation
to angular measurements in keeping with the findings
from the present study [18].
A demonstrable increase in SNB value (up to 2.5°)
arose in both groups over the observation period. Subjects included in the present study were based on the
initial overjet scores with growth in any direction therefore being conceivable. However, Riesmeijer (2004) in an
analysis of 7- to 14- year-olds encompassing Fels, Michigan and Nijmegan databases, observed a greater increase in SNB in the class I group. Similarly, the ANB
angle reduced less with age in both genders in the class
II compared with the class I group [19]. The latter was
confirmed by Lundström and Woodside who concluded
that mandibular retrognathia can be determined at age 9
becoming more marked with age [20]. Conversely, in a
longitudinal study involving 30 participants between 12
and 17 years of age, a 1° reduction in ANB angle was
found in class II males while a more backwards and
downward mandibular growth pattern was apparent in
females [2]. No gender-related trends were observed in
the present larger sample suggesting that anteroposterior skeletal and occlusal changes are likely to be
similar among both males and females during juvenile
and adolescent growth.
Mean overjet was observed to reduce slightly in group
1. This may well reflect improvement in the intermaxillary relationships; however, the difference was limited (1.05 mm). Conversely, a marginal increase in overjet (0.3 mm) was identified in group 2. Importantly,
however, the overjet at the later time-period remained
normal (3.28 mm, SD 1.33) in the latter cohort, while
continuing to be excessive in group 1 (5.16 mm, SD
1.58). Similarly, in an analysis of untreated skeletal class
I subjects from the Bolton-Brush and Burlington Growth
Studies, Chung and Mongiovi observed that overjet did
not worsen with age [21]. The clinical relevance of this
is clear with intervention required to address class II
malocclusion, while early achievement of a class I incisor
relationship is likely to be relatively stable over a period
of growth. The latter has variously been confirmed with
antero-posterior correction among the more stable
orthodontic changes [22, 23].
In terms of dental change, marginal improvement was
observed in the present study in the group with larger
initial overjet. This contrasts with a previous analysis of
25 untreated subjects with class II malocclusion observed for a 2.5-year period from the deciduous into the
mixed dentition, in which the clinical signs of class II
malocclusions in the deciduous dentition persisted or
become exaggerated. However, the cephalometric
changes of the class II sample over this growth period
showed significantly greater growth increments in the
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maxilla and smaller growth increments in the mandible
[5]. Conversely, Bishara et al. [6], in a comparison of untreated class II division I subjects with normal subjects
in the mixed early permanent dentition, found that class
II subjects with increased ANB angle had similar growth
profiles to those of normal subjects. However, the analysis in this study did not extend beyond an average age
of 12.2 years, when active growth is still ongoing. The
authors concluded that class II malocclusion is not ‘selfcorrecting’ in growing patients [6]. It is noteworthy that
the assessment undertaken in the present analysis was
more sustained incorporating both the period of maximal pre-pubertal growth and adolescent growth.
In terms of limitations, the present study was retrospective being based on historical data made available as
part of the AAOF Craniofacial Growth Legacy Collections Project. As such, there are constraints in relation
to the generalizability of the findings with the majority
of subjects being white Caucasian. Moreover, the historical nature of the data is potentially problematic in view
of the possibility of secular trends relating to changing
facial appearance. The latter is a particular problem in
comparative studies using historical controls in conjunction with contemporary groups [24]. Notwithstanding
this, while subtle changes in craniofacial form have been
attributed to a ‘year of birth’ effect [25], there is no evidence to suggest that growth patterns over the adolescent period have changed over the past 90 years.
Analysis was limited to cephalometric data; as such,
there are associated constraints in terms of reliability
and validity [26]; notwithstanding this, in view of the
historical nature of the data, clinical correlation was not
possible. Notwithstanding this, serial cephalometric analysis continues to form the mainstay for assessing the
pattern and magnitude of craniofacial growth.

Conclusions
A reduction in facial convexity characterized by a decrease in ANB angle was observed in both groups with a
significantly greater reduction in ANB arising in the
group with larger baseline overjet. This change translated into a marginal improvement in the overjet relative
to the group with normal initial overjet.
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