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The relationship between vertical facial morphology and overjet in untreated

Class II subjects

Humam Saltajia; Carlos Flores-Mirb; Paul W. Majorc; Mohamed Youssefd

ABSTRACT
Objective: To evaluate the association between vertical facial morphology and overjet in untreated
Class II subjects.
Materials and Methods: The lateral cephalograms of 140 untreated Class II subjects (68 males
and 72 females) between 8 and 11 years of age were divided into three groups based on their
overjet value as measured on study casts: Group I normal overjet (less than 3 mm), Group II
increased overjet (more than 3 mm but less than or equal to 6 mm), and Group III extreme overjet
(more than 6 mm). Mean values and standard deviations of 28 variables measured on lateral
cephalograms were calculated. Differences between the three groups were tested using one-way
analysis of variance (ANOVA), followed by Bonferroni tests. Additionally, cephalometric differences
between groups and available normal values for the Syrian population were evaluated using an
independent t-test.
Results: Subjects with normal overjet showed a horizontal facial pattern and posterior inclination of
the maxilla, whereas increased overjet subjects exhibited a neutral facial pattern. In contrast,
subjects with extreme overjet had a vertical facial pattern and anterior inclination of the maxilla. The
mandible was retrognathic and the maxilla was normally positioned in the three groups.
Conclusions: A positive association was found between the overjet and the tendency toward a
hyperdivergent pattern. (Angle Orthod. 2012;82:432–440.)
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INTRODUCTION

An understanding of the relationship between
skeletal and dental components that contribute to
malocclusion is important in orthodontic treatment
planning. Class II malocclusions have been described

as the most frequent treatment problem in practice and
one of the more difficult orthodontic problems to treat.
Epidemiologic studies have shown that 20% to 30% of
children have Class II malocclusions.1,2

Numerous studies have been conducted to deter-
mine the anteroposterior and vertical components of
patients with Class II malocclusion.3–5 Although some
studies have found that the Class II skeletal pattern is
due to both maxillary protrusion and mandibular
retrusion,4,6 others have found that the maxilla was in
the normal position while the mandible was retrusive.5,7

Some studies have shown that the facial pattern
tended to be a hyperdivergent pattern in Class II/1
and a hypodivergent pattern in Class II/2.4 Few studies
have revealed no difference in vertical facial morphol-
ogy between Class II/1 and Class II/2 except for the
position of the maxillary incisors.6

Although the craniofacial morphology of Class II
malocclusion has been analyzed in several investiga-
tions, the value of some of these investigations is
limited for the following reasons: First, a clear definition
of Class II malocclusion was lacking. Most investiga-
tions selected patients on the basis of Angle’s
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classification,8 which failed to distinguish between
skeletal malocclusion and anteroposterior dental rela-
tionships, and could lead to the possibility of one Class
overlapping into the other.9 Second, most investiga-
tions selected dental Class II patients who may have a
Class I or a Class II skeletal pattern.3,4 Few studies
evaluated patients with both skeletal and dental Class
II malocclusion.10,11 Third, some studies included male
and female subjects in the study sample despite the
fact that males and females may show a considerable
degree of discrepancy in craniofacial dimensions.6

Finally, the relationship between overjet and craniofa-
cial morphology appears to have been neglected.

Overjet is one of the parameters used to assess the
sagittal relationship of the upper and lower dental arch
and is considered as a good predictor of the sagittal
relationship in subjects with a Class II division 1
malocclusion.12 Therefore, a better understanding of
the differences in craniofacial morphology associated
with different overjet magnitude may be useful in the
treatment planning of Class II cases.

The aims of this study were to evaluate the
association between facial morphology and overjet in
untreated preadolescent Class II patients, and to
identify the craniofacial characteristics of Class II
patients with normal, increased, and extreme overjet
in a sample of the Syrian population.

MATERIALS AND METHODS

Ethical Approval and Consent

This study was approved by the Council of the
Faculty of Dentistry at Damascus University and the
Scientific Research Committee of Damascus Univer-
sity, which provided funding for the study. Consent
was obtained by asking parents to sign a form that
explained the nature and purpose of the radiographic
examination.

Sample Selection

The sample was derived from a larger representa-
tive sample of 1820 preadolescents attending elemen-
tary schools in the capital of Syria, Damascus.
Subjects were selected according to the following
primary inclusion criteria:

N Dental Class II malocclusion (bilateral distal molar
relationships of more than one-half cusp width)

N Age range of 8 to 11 years

N No missing permanent teeth

N Healthy with no syndromes or history of orthodontic
treatment

Examinations were carried out on the school
premises under natural lighting. Of the total sample

examined, 156 subjects who fulfilled the primary
criteria were selected. Examinations were carried out
again and lateral cephalograms were taken for
selected subjects at the Department of Orthodontics,
Damascus University. Of the total sample selected, 16
subjects (10.25%) were excluded because they did not
have skeletal Class II (ANB angle less than 4.5 de-
grees). Alginate impressions were taken for 140
subjects (68 males and 72 females with a mean age
of 9.9 6 1.1 years) who met the second criteria.
Impressions were poured on the same day with hard
dental stone, using standard procedures for mixing
and storage of impressions until they were poured. The
sample was then divided into three groups on the basis
of overjet values (Table 1):

N Group I: 46 patients (22 males and 24 females) with
normal overjet (less than or equal to 3 mm)

N Group II: 46 patients (22 males and 24 females) with
increased overjet (more than 3 mm but less than or
equal to 6 mm)

N Group III: 48 patients (24 males and 24 females) with
extreme overjet (more than 6 mm)

Angular and linear cephalometric parameters of 50
normal controls (26 males and 24 females) aged 8 to
11 years (9.44 6 0.81) were obtained from a previous
study conducted by one of the authors at the
Department of Orthodontics, Damascus University, to
investigate Syrian norms. Controls were healthy Syrian
children with neutral occlusion, normal overbite and
overjet, no interdental spacing or crowding, and a
balanced facial profile who had not received previous
orthodontic treatment.13

Methods

Overjet was measured on study casts taken from
each subject as the distance from the labial surface of
the mandibular central incisor to the labial surface of
the most prominent maxillary incisor, with a digital

Table 1. Age and Gender Distribution of the Sample

Overjet Group n Mean Age, y SD Range

Normal (0–3 mm)

Male 22 10.2 0.9 8.3–11.5

Female 24 10.3 1.0 8.4–11.5

Total 46 10.2 1.0 8.3–11.5

Increased (.3–6 mm)

Male 22 9.6 1.1 8–11.5

Female 24 9.8 1.0 8–11.5

Total 46 9.7 1.1 8–11.5

Extreme (.6 mm)

Male 24 9.7 1.1 8.5–11.5

Female 24 9.7 1.3 8–11.5

Total 48 9.7 1.1 8–11.5
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caliper accurate to 0.01 held parallel to the occlusal
plane.

Lateral cephalograms of subjects with Class II
malocclusion were taken on the same x-ray unit at
the Faculty of Dentistry, Damascus University (Arco-
dent, Fiad, Italy), at a film focus distance of 1.50 m
(a cathode voltage of 75 to 80 kV was used depending
on the age of the patient). Lateral cephalograms of
subjects with normal occlusion were taken on the
same x-ray unit using the same conditions previously
mentioned.13

All radiographs were traced and measured manually
by the same investigator (HS) under standardized
conditions. Radiographs were traced randomly in a
darkened room with a 0.3 mm diameter lead pencil
(Figures 1 and 2). Overall, cephalometric analysis in
the present study covered 19 reference angles, 7
reference lines, the facial height ratio according to
Jarabak, and the sum of the sella, articular, and gonial
angles according to Björk (Table 2).

Statistical Analysis

An estimate of the power of the study was per-
formed on the basis of the effect size of a relevant
variable (ANB) at a 5 .05, with a sample size of 22
subjects in each group.14 The power of the study in
each subgroup (males and females) exceeded 0.90.

The Kolmogorov-Smirnov test showed that all variables
were normally distributed within each group. Therefore,
parametric statistics was used. The mean and standard
deviation for each variable were calculated using the
Statistical Package for the Social Sciences (SPSS),
version 15.0 for Windows (SPSS Inc, Chicago, Ill).
Differences between overjet groups were tested using
one-way analysis of variance (ANOVA), followed by
Bonferroni’s multiple comparison post hoc tests.
Differences between each malocclusion group and
the normal control group were evaluated using an
independent t-test. Within each group, the effect of
gender was evaluated using an independent t-test. The
significance level was set at P , .05.

Method Error

To determine the method error, 25 radiographs were
retraced by the same examiner after 3 to 4 weeks. The
method error was calculated using Dahlberg’s formula:
Error of method 5 !Sd2 /2n, where d is the difference
between two measurements and n is the number of
double determinations.15 The error of the method
varied between 0.15 and 0.47 degrees for angular
measurements and between 0.12 and 0.38 mm for
linear measurements.

RESULTS

Differences Between Male and Female Subjects

Table 3 shows descriptive and comparative statis-
tics according to gender for the three groups. No
statistically significant differences were found between
male and female subjects except for S-N, N-Me,

Figure 1. Reference points used in the study: N: nasion, S: sella, Ar:

articulare, Go: gonion, Me: menton, Gn: gnathion, PNS: the

intersection of posterior facial height (S-Go) and maxillary plane

(Spp), A: subspinale, B: supramentale, Pog: pogonion, Ao: the point

of contact of a perpendicular line drawn from point A to the bisected

occlusal plane, Bo: the point of contact of a perpendicular line drawn

from point B to the bisected occlusal plane, U1: upper incisor tip, and

L1: lower incisor tip.

Figure 2. Reference lines and angles used in the present study.
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SPP:GoMe, U1-SN, and U1-Spp in Group 1, and S-Ar,
S-Go, and N-Me in Group 2.

Differences Between Overjet Groups

The mean and standard deviation of each measure-
ment for the three groups and statistical differences
between groups for males, females, and total popula-
tion are shown in Tables 4 to 6. Significant differences
were found in skeletal and dentoalveolar measure-
ments between the three groups.

Differences Between Overjet Groups and Normal
Occlusion Group

The mean and standard deviation for cephalometric
variables of the normal occlusion group, as reported by
Al-Salti,13 as well as statistical differences between
each overjet group and the normal occlusion group for
males, females, and total, are shown in Tables 4 to 6.
Significant differences were found in skeletal and
dentoalveolar measurements between each overjet
group and the normal occlusion group.

DISCUSSION

The craniofacial morphology of Class II malocclu-
sion has been analyzed in several cephalometric

investigations,3–5 which have reported conflicting re-
sults about the characteristics of Class II malocclusion.
However, no comparative data are available for Class
II subjects with normal, increased, and extreme
overjet. The aim of this investigation was to evaluate
the association between craniofacial morphology and
overjet in preadolescent Class II subjects in a sample
of the Syrian population.

Skeletal Parameters

Findings of this study revealed normal anterior
cranial base length (S-N), enlarged posterior cranial
base length (S-Ar), and normal posterior facial height
(S-Go) in all groups, except Group 1 females who
had an enlarged (S-N) and (S-Go). In addition, no
significant difference was found between Class II
groups in (S-N, S-Ar, and S-Go), indicating the
absence of a strong relationship between overjet and
these measurements. In other studies, a relatively
normal anterior cranial base length and decreased
posterior facial height were found in Class II/1.10 On
the other hand, a few previous studies reported an
enlarged anterior cranial base and a decrease in
posterior cranial base length in Class II/1.7,11 The
divergence in findings may be attributed to ethnic
differences.

Table 2. Cephalometric Measurements Used in the Study

Measurement Interpretation

S-N, mm Anterior cranial base

S-Ar, mm Posterior cranial base

Ar-Go, mm Ramal plane

Go-Me, mm Mandibular plane

S-Go, mm Posterior facial height

N-Me, mm Anterior facial height

Ao-Bo, wits, mm Wits appraisal, the distance between points Ao and Bo

S-Go/N-Me, % Posterior/anterior facial height ratio

S-N:SPP, u Angle between anterior cranial base (S-N) and maxillary plane (SPP)

S-N:Ocp, u Sella–nasion line/occlusal plane angle

S-N:Go-Me, u Angle between anterior cranial base and mandibular plane (Go-Me)

N S Ar, u Sella angle, angle between anterior and posterior cranial base

S Ar Go, u Articular angle, angle between posterior cranial base and ramal plane

Ar Go Me, u Gonial angle, angle at the intersection of the lines tangent to the posterior border of the ramus and the

Sum(Björk), u Sum of sella, articular, and gonial angles according toBjörk(1972)

N Go Ar, u Upper gonial angle, angle between X-axis and ramal plane (according to Jarabak 1975)

N Go Me, u Lower gonial angle, angle between X-axis and mandibular plane (according to Jarabak 1975)

N S Gn (Y), u Y-axis angle, angle between anterior cranial base and Y-axis

SNA, u Angle between anterior cranial base and A point

SNB, u Angle between anterior cranial base and B point

ANB, u Angle between lines NA and NB

SNPog, u Facial angle

NAPog, u Angle at the intersection of lines N-A and A-Pog

SPP:Go-Me, u Basal plane angle, angle between maxillary plane (SPP) and mandibular plane (Go-Me)

U1-SN, u Axis angle of upper incisor, angle between long axis of upper incisor and anterior cranial base

U1-SPP, u Anterior cranial base

L1-Go-Me, u Axis-angle of lower incisor, angle between long axis of the lower incisor and mandibular plane

U1-L1, u Interincisal angle, angle between long axes of upper and lower incisors
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The mean length of the mandibular ramus (Ar-Go)
and the mandibular body (Go-Me) was significantly
shorter in the extreme overjet group. Several previous
studies reported a short length of the mandibular ramus
and the mandibular body in Class II/1 malocclusion.7,10

Although the mean sella angle (N S Ar) tended to be
increased in all groups, this was significantly different
only in Group 2. However, no significant difference was
noted between the three groups, indicating no rela-
tionship between the sella angle (N S Ar) and overjet.
In other studies, a relatively increased sella angle was
found in Class II malocclusion.7,10

The mean (S-N:Go-Me) and (SPP:Go-Me) angles
were significantly decreased in the normal overjet
group, indicating a hypodivergent pattern in this
group. In contrast, the extreme overjet group showed
increased (S-N:Go-Me) and (SPP:Go-Me) angles
compared with the norms and with Groups 1 and 2,
demonstrating a hyperdivergent pattern. A review of the
literature reveals an increase in the (S-N:Go-Me) angle
and the (SPP:Go-Me) angle4 in Class II/1 malocclusion,
indicating a hyperdivergent pattern. In Class II/2

malocclusion patients, studies revealed a decrease
in the (S-N:Go-Me) angle6 and the (SPP:Go-Me)
angle,4,16 demonstrating a hypodivergent pattern.

Furthermore, the mean facial height ratio (S-Go/
N-Me) was significantly increased in the normal overjet
group, indicating a hypodivergent pattern in this group.
In contrast, the extreme overjet group showed a
decrease in (S-Go/N-Me), indicating a hyperdivergent
pattern in this group. No significant difference was
found for males, probably because of the tendency of
the male pattern toward neutral in all groups, while the
female pattern tends toward hypodivergent in Group 1
and hyperdivergent in Group 3. Previous studies
reported a hyperdivergent pattern in patients with
Class II/1.7 Siriwat and Jarabak17 found that a neutral
growth pattern was dominant in Class II division I
malocclusion and a hypodivergent pattern was domi-
nant in Class II division 2.

Likewise, the mean lower gonial angle (N Go Me),
the Y-axis angle, and the sum of sella, articular, and
gonial angles were significantly decreased in the
normal overjet group, indicating a more distinctive

Table 3. Comparison of Male and Female Craniofacial Morphology in Each Group

Measurement

Group I Group II Group III
Significance (P Value)

Males vs FemalesMales Females Males Females Males Females

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Group I Group II Group III

Skeletal

S-N, mm 70.03 2.31 67.95 2.65 69.41 2.44 68.07 2.22 68.68 2.74 67.08 2.53 0.019* 0.085 0.054

S-Ar, mm 32.53 2.81 32.95 3.19 33.97 2.91 31.83 2.64 33.36 3.33 32.37 1.80 0.688 0.023* 0.248

Ar-Go, mm 40.69 3.20 41.08 2.95 41.79 4.49 40.26 3.20 39.56 3.87 38.26 2.88 0.709 0.228 0.228

Go-Me, mm 65.69 4.27 64.68 5.56 66.79 4.06 65.19 3.44 63.26 4.35 63.92 3.36 0.559 0.196 0.586

S-Go, mm 70.06 3.24 70.37 3.65 71.79 4.83 68.07 4.34 69.72 4.73 67.63 2.32 0.797 0.017* 0.085

N-Me, mm 109.38 3.94 106.39 4.20 112.94 4.55 105.94 4.62 112.82 6.06 110.42 3.96 0.039 0.000** 0.142

Ao-Bo, wits, mm 2.34 1.96 1.30 1.48 2.12 1.96 2.07 2.20 3.26 2.28 2.71 1.95 0.073 0.947 0.402

S-Go/N-Me, % 64.43 2.71 66.16 2.86 63.50 3.11 64.27 3.50 62.01 4.19 61.30 2.17 0.068 0.482 0.505

S-N:SPP, u 8.63 2.70 9.87 2.85 7.68 2.20 8.33 3.49 7.62 3.37 7.32 2.04 0.178 0.505 0.733

S-N:Ocp, u 19.74 2.57 18.92 3.47 19.15 3.53 19.26 3.28 19.00 3.58 20.13 1.95 0.415 0.918 0.219

S-N:Go-Me, u 33.24 3.02 31.29 3.61 35.41 4.66 33.38 4.25 37.60 5.06 38.95 3.55 0.080 0.169 0.324

N S Ar, u 125.45 4.01 125.79 4.74 126.88 4.50 126.81 3.99 125.08 4.50 125.37 3.92 0.811 0.958 0.822

S Ar Go, u 144.55 5.53 142.55 6.51 142.41 5.53 142.55 5.64 145.71 4.90 146.00 5.58 0.314 0.941 0.855

Ar Go Me, u 123.53 5.85 123.29 5.60 126.12 5.22 124.02 7.02 127.27 5.50 127.84 5.16 0.899 0.314 0.725

Sum (Björk), u 393.53 2.93 391.63 3.53 394.94 4.38 393.43 4.23 398.06 5.55 399.21 3.25 0.080 0.288 0.423

N Go Ar, u 52.34 4.02 52.89 3.72 53.09 4.15 54.17 5.85 51.96 2.80 52.16 3.96 0.663 0.526 0.846

N Go Me, u 71.29 3.28 69.87 3.85 73.09 4.02 69.60 5.47 77.27 5.83 75.68 3.25 0.229 0.035 0.574

N S Gn (Y), u 68.13 2.28 66.87 3.19 69.68 3.07 68.07 3.01 71.92 4.32 71.34 2.94 0.169 0.114 0.615

SNA, u 79.26 3.09 80.79 3.69 80.09 3.02 81.48 3.33 79.88 3.55 80.66 2.71 0.175 0.192 0.432

SNB, u 73.32 2.71 75.42 4.39 74.06 2.56 74.93 2.87 73.25 3.25 73.88 3.69 0.084 0.337 0.545

ANB, u 5.95 1.32 5.84 1.74 6.03 1.48 6.55 1.14 6.67 1.22 7.29 1.45 0.827 0.231 0.128

SNPog, u 75.24 2.92 77.08 3.82 75.29 2.70 76.00 2.61 74.10 3.27 74.53 3.77 0.104 0.420 0.685

NAPog, u 187.45 5.94 187.53 5.85 189.97 5.53 191.98 4.61 192.40 3.43 194.17 4.17 0.967 0.231 0.132

SPP:Go-Me, u 24.61 3.41 22.05 4.08 27.74 4.63 25.48 5.09 30.44 4.45 31.74 3.91 0.043* 0.165 0.317

Dentoalveolar

U1-SN, u 87.79 4.78 91.42 5.94 96.26 8.14 99.62 7.08 105.13 6.17 102.29 5.60 0.045* 0.183 0.120

U1-SPP, u 83.82 5.56 78.71 5.95 74.76 5.84 72.36 6.57 67.37 4.95 69.66 5.64 0.010* 0.246 0.155

L1-Go-Me, u 96.13 3.29 95.68 6.52 98.71 4.46 101.36 6.23 96.58 6.62 98.11 5.79 0.791 0.149 0.425

U1-L1, u 142.76 6.30 140.58 8.38 128.62 6.35 125.86 9.99 120.33 8.31 120.76 7.54 0.370 0.330 0.857

* P , .05; ** P , .01.
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horizontal facial pattern in this group. In contrast, the
extreme overjet group showed a vertical facial pattern
(Figures 3 and 4). In other studies, a vertical facial
pattern was found in Class II/1 based on the sum
(Björk)5,7 and on the Y-axis angle.7,10

The association between extreme overjet and a
vertical facial pattern may be the result of abnor-
mal muscle function such as altered tongue pos-
ture related to mouth breathing and tongue thrust
swallowing.

No significant difference was found between the
three groups in SNA, suggesting no association
between the anteroposterior position of the maxilla
and the overjet. In contrast, the palatal plane angle (S-
N:SPP) was significantly smaller in Group 3 than in
Group 1 and the norms, indicating an upward
inclination of the maxilla with extreme overjet. Various
previous studies reported a normal position of the
maxilla in Class II malocclusion,7,11,16 and some studies
reported that maxillary protrusion is a dominant feature
of Class II malocclusion.4,6 The divergent findings may

be due to ethnic differences or differences in methods
of identifying the maxillary position.

For the mandibular position, mean SNB and
SNPog angles for the three groups were significantly
less than for the norms, indicating a retrognathic
mandible in the three groups. In addition, no
significant difference was found between the three
groups, indicating no association between the an-
teroposterior position of the mandible and the overjet
(Figure 5). Previous studies reported that mandibular
retrusion is a common feature of Class II/14,6,7,11 and
Class II/2.6,16

The ANB angle was significantly larger in group 3
than in group 1. Zupančič et al.12 found a positive
correlation between overjet and the ANB angle. They
indicated that overjet is a good predictor of the ANB
angle in subjects with a Class II division 1 malocclusion.

Dentoalveolar Parameters

The upper incisors exhibited a normal inclination and
position in Group 3 and were retroclined in Groups 1

Table 4. Comparisons of Mean Values in Males Between the Three Groups, and Between Each Overjet Group and the Normal Occlusion Group

Measurement

Group I

(n 5 22)

Group II

(n 5 22)

Group III

(n 5 24) Sig. (P Value)

Normal

Occlusion

(n 5 26)

Sig. Normal

Occlusion

Mean SD Mean SD Mean SD I,II,&III I vs II I vs III II vs III Mean SD vs I vs II vs III

Skeletal

S-N, mm 70.03 2.31 69.41 2.44 68.68 2.74 0.252 – – – 68.24 2.77 * – –

S-Ar, mm 32.53 2.81 33.97 2.91 33.36 3.33 0.409 – – – 31.58 2.33 – ** *

Ar-Go, mm 40.69 3.20 41.79 4.49 39.56 3.87 0.196 – – – 41.18 3.05 – – –

Go-Me, mm 65.69 4.27 66.79 4.06 63.26 4.35 0.028* – – * 66.06 3.69 – – *

S-Go, mm 70.06 3.24 71.79 4.83 69.72 4.73 0.311 – – – 69.54 3.40 – – –

N-Me, mm 109.38 3.94 112.94 4.55 112.82 6.06 0.077 – – – 108.61 4.90 – ** **

Ao-Bo, wits, mm 2.34 1.96 2.12 1.96 3.26 2.28 0.168 – – – 21.28 1.94 ** ** **

S-Go/N-Me, % 64.43 2.71 63.50 3.11 62.01 4.19 0.081 – – – 64.10 3.35 – – *

S-N:SPP, u 8.63 2.70 7.68 2.20 7.62 3.37 0.464 – – – 8.42 2.06 – – –

S-N:Ocp, u 19.74 2.57 19.15 3.53 19.00 3.58 0.749 – – – 19.86 2.98 – – –

S-N:Go-Me, u 33.24 3.02 35.41 4.66 37.60 5.06 0.007** – ** – 34.24 3.94 – – **

N S Ar, u 125.45 4.01 126.88 4.50 125.08 4.50 0.403 – – – 123.49 4.61 – * –

S Ar Go, u 144.55 5.53 142.41 5.53 145.71 4.90 0.142 – – – 145.92 5.83 – * –

Ar Go Me, u 123.53 5.85 126.12 5.22 127.27 5.50 0.087 – – – 124.80 4.71 – – –

Sum (Björk), u 393.53 2.93 394.94 4.38 398.06 5.55 0.005** – ** – 394.21 4.06 – – **

N Go Ar, u 52.34 4.02 53.09 4.15 51.96 2.80 0.605 – – – 52.11 3.27 – – –

N Go Me, u 71.29 3.28 73.09 4.02 77.27 11.8 0.051 – – – 72.76 2.57 – – –

N S Gn (Y), u 68.13 2.28 69.68 3.07 71.92 4.32 0.002** – ** – 67.84 3.26 – – **

SNA, u 79.26 3.09 80.09 3.02 79.88 3.55 0.725 – – – 80.25 3.53 – – –

SNB, u 73.32 2.71 74.06 2.56 73.25 3.25 0.643 – – – 77.16 3.37 ** ** **

ANB, u 5.95 1.32 6.03 1.48 6.67 1.22 0.138 – – – 3.09 1.79 ** ** **

SNPog, u 75.24 2.92 75.29 2.70 74.10 3.27 0.330 – – – 77.63 3.49 * * **

NAPog, u 187.45 5.94 189.97 5.53 192.40 3.43 0.006** – ** – 185.57 4.43 – ** **

SPP:Go-Me, u 24.61 3.41 27.74 4.63 30.44 4.45 0.000** – ** – 25.60 4.18 – – **

Dentoalveolar

U1-SN, u 87.79 4.78 96.26 8.14 105.13 6.17 0.000** ** ** ** 103.32 4.77 ** ** –

U1-SPP, u 83.82 5.56 74.76 5.84 67.37 4.95 0.000** ** ** ** 68.50 4.10 ** ** –

L1-Go-Me, u 96.13 3.29 98.71 4.46 96.58 6.62 0.293 – – – 95.60 4.49 – * –

U1-L1, u 142.76 6.30 128.62 6.35 120.33 8.31 0.000** ** ** ** 127.00 5.98 ** – **

* P , .05; ** P , .01.

VERTICAL FACIAL MORPHOLOGY AND OVERJET 437

Angle Orthodontist, Vol 82, No 3, 2012



and 2 (Figure 6). The position of the upper incisors
in the normal overjet group was similar to Angle’s
description8 of Class II/2 malocclusion, which stated
that the upper incisors are more retroclined in
Class II/2 than in Class II/1.

The mandibular incisors exhibited a normal inclina-
tion in Groups 1 and 3 and were proclined in Group 2
(Figure 5). The incisor proclination in Group 2 and the
normal inclination in Group 2 might be attributed to
dentoalveolar compensation in response to mandibular
retrusion in Group 2 and retroclined maxillary incisors
in Group 1. In other studies, a relatively normal
inclination of the mandibular incisors was found in
Class II/1 and Class II/2.4,6 On the other hand, few
previous studies reported protrusion of the mandibular
incisors in Class II/1.4

The interincisal angle was significantly increased in the
normal overjet group, reduced in the extreme overjet
group, and normal in the increased overjet group because
of retroclined upper incisors in the normal overjet group

and proclined upper incisors in the extreme overjet group
(Figure 5). A review of the literature reveals a decreased
interincisal angle in Class II/1 malocclusion4,7 and an
increased interincisal angle in Class II/2 malocclusion.4

The contradiction between the findings of this study
and the findings of some previous studies might be due
to the ethnicity, gender, age, size, and division of the
study sample.

Clinical Implications

Results of this study have important clinical implica-
tions. First, because a vertical tendency was identified
in extreme overjet cases, greater care is necessary to
control the vertical dimension and avoid molar extru-
sion when treating these cases compared with
increased and normal overjet cases, especially be-
cause many of the orthodontic mechanics tend to open
the bite. Second, because of the skeletal and
dentoalveolar characteristics of Class II patients with
extreme overjet, early treatment that controls the

Table 5. Comparisons of Mean Values in Females Between the Three Groups, and Between Each Overjet Group and the Normal

Occlusion Group

Measurement

Group I

( n5 24)

Group II

(n 5 24)

Group III

(n 5 24) Sig. (P Value)

Normal

Occlusion

(n 5 24)

Sig. Normal

Occlusion

Mean SD Mean SD Mean SD I,II,&III I vs II I vs III II vs III Mean SD vs I vs II vs III

Skeletal

S-N, mm 67.95 2.65 68.07 2.22 67.08 2.53 0.398 – – – 67.03 2.38 – – –

S-Ar, mm 32.95 3.19 31.83 2.64 32.37 1.80 0.409 – – – 30.31 2.12 ** * **

Ar-Go, mm 41.08 2.95 40.26 3.20 38.26 2.88 0.017* – * – 40.73 2.67 – – **

Go-Me, mm 64.68 5.56 65.19 3.44 63.92 3.36 0.637 – – – 65.24 3.03 – – –

S-Go, mm 70.37 3.65 68.07 4.34 67.63 2.32 0.051 – – – 67.75 3.12 * – –

N-Me, mm 106.39 4.20 105.94 4.62 110.42 3.96 0.003** – * ** 106.51 3.95 – – **

Ao-Bo, wits, mm 1.30 1.48 2.07 2.20 2.71 1.95 0.084 – – – 21.14 0.99 ** ** **

S-Go/N-Me, % 66.16 2.86 64.27 3.50 61.30 2.17 0.000** – ** ** 63.65 3.49 * – *

S-N:SPP, u 9.87 2.85 8.33 3.49 7.32 2.04 0.029* – * – 8.82 2.57 – – *

S-N:Ocp, u 18.92 3.47 19.26 3.28 20.13 1.95 0.440 – – – 20.13 3.36 – – –

S-N:Go-Me, u 31.29 3.61 33.38 4.25 38.95 3.55 0.000** – ** ** 34.60 4.17 ** – **

N S Ar, u 125.79 4.74 126.81 3.99 125.37 3.92 0.541 – – – 124.45 4.36 – – –

S Ar Go, u 142.55 6.51 142.55 5.64 146.00 5.58 0.121 – – – 143.81 3.48 – – –

Ar Go Me, u 123.29 5.60 124.02 7.02 127.84 5.16 0.050 – – – 126.19 4.25 – – –

Sum (Björk), u 391.63 3.53 393.43 4.23 399.21 3.25 0.000** – ** ** 394.47 4.16 * – **

N Go Ar, u 52.89 3.72 54.17 5.85 52.16 3.96 0.390 – – – 52.98 2.79 – – –

N Go Me, u 69.87 3.85 69.60 5.47 75.68 3.25 0.000** – ** ** 73.19 2.62 ** ** **

N S Gn (Y), u 66.87 3.19 68.07 3.01 71.34 2.94 0.000** – ** ** 67.55 3.41 – – **

SNA, u 80.79 3.69 81.48 3.33 80.66 2.71 0.696 – – – 82.05 2.99 – – –

SNB, u 75.42 4.39 74.93 2.87 73.88 3.69 0.425 – – – 77.82 2.93 * ** **

ANB, u 5.84 1.74 6.55 1.14 7.29 1.45 0.009** – ** – 4.24 1.45 ** ** **

SNPog, u 77.08 3.82 76.00 2.61 74.53 3.77 0.078 – – – 78.19 3.18 – * **

NAPog, u 187.53 5.85 191.98 4.61 194.17 4.17 0.000** * ** – 188.38 4.33 – ** **

SPP:Go-Me, u 22.05 4.08 25.48 5.09 31.74 3.91 0.000** – ** ** 25.83 3.92 ** – **

Dentoalveolar

U1-SN, u 91.42 5.94 99.62 7.08 102.29 5.60 0.000** ** ** – 102.99 6.23 ** – –

U1-SPP, u 78.71 5.95 72.36 6.57 69.66 5.64 0.000** ** ** – 68.36 5.20 ** * –

L1-Go-Me, u 95.68 6.52 101.36 6.23 98.11 5.79 0.019* * – – 97.93 4.75 – * –

U1-L1, u 140.58 8.38 125.86 9.99 120.76 7.54 0.000** ** ** – 124.91 6.66 ** – –

* P , .05; ** P , .01.
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Table 6. Comparisons of Mean Values in Total Between the Three Groups, and Between Each Overjet Group and the Normal Occlusion Group

Measurement

Group I

(n 5 46)

Group II

(n 5 46)

Group III

(n 5 48) Sig. (P Value)

Normal

Occlusion

(n 5 50)

Sig. Normal

Occlusion

Mean SD Mean SD Mean SD I,II,&III I vs II I vs III II vs III Mean SD vs I vs II vs III

Skeletal

S-N, mm 68.90 2.68 68.67 2.39 67.99 2.74 0.268 – – – 67.72 2.65 * – –

S-Ar, mm 32.76 2.99 32.79 2.93 32.93 2.79 0.959 – – – 31.03 2.31 ** ** **

Ar-Go, mm 40.90 3.03 40.95 3.86 39.00 3.50 0.018* – – * 40.96 2.88 – – **

Go-Me, mm 65.14 4.97 65.91 3.77 63.55 3.92 0.038* – – * 65.75 3.38 – – **

S-Go, mm 70.23 3.43 69.74 4.88 68.82 3.98 0.308 – – – 68.72 3.39 * – –

N-Me, mm 107.76 4.30 109.07 5.74 111.78 5.34 0.003** – ** – 107.77 4.49 – – **

Ao-Bo, wits, mm 1.82 1.79 2.09 2.07 3.03 2.14 0.018* – * – 21.26 1.52 ** ** **

S-Go/N-Me, % 65.32 2.89 63.92 3.31 61.71 3.47 0.000** – ** ** 63.82 3.39 * – **

S-N:SPP, u 9.25 2.81 8.04 2.97 7.49 2.86 0.022* – * – 8.62 2.30 – – *

S-N:Ocp, u 19.33 3.04 19.21 3.35 19.48 3.02 0.927 – – – 19.99 3.14 – – –

S-N:Go-Me, u 32.26 3.43 34.29 4.49 38.17 4.49 0.000** – ** ** 34.42 4.01 ** – **

N S Ar, u 125.62 4.33 126.84 4.17 125.20 4.22 0.201 – – – 123.95 4.47 – ** –

S Ar Go, u 143.55 6.04 142.49 5.51 145.83 5.14 0.021* – – * 144.91 4.92 – * –

Ar Go Me, u 123.41 5.65 124.96 6.29 127.51 5.31 0.005** – ** – 125.47 4.50 – – *

Sum (Björk), u 392.58 3.34 394.11 4.31 398.54 4.70 0.000** – ** ** 394.34 4.07 * – **

N Go Ar, u 52.62 3.83 53.68 5.12 52.04 3.30 0.194 – – – 52.53 3.27 – – –

N Go Me, u 70.58 3.60 71.16 5.12 76.60 4.19 0.000** – ** ** 72.97 2.57 ** * **

N S Gn (Y), u 67.50 2.81 68.79 3.11 71.68 3.77 0.000** – ** ** 67.70 3.30 – – **

SNA, u 80.03 3.44 80.86 3.23 80.21 3.21 0.513 – – – 81.12 3.37 – – –

SNB, u 74.37 3.75 74.54 2.74 73.52 3.42 0.324 – – – 77.48 3.15 ** ** **

ANB, u 5.89 1.52 6.32 1.31 6.93 1.34 0.004** – ** – 3.64 1.72 ** ** **

SNPog, u 76.16 3.48 75.68 2.64 74.28 3.46 0.024* – * – 77.90 3.33 * ** **

NAPog, u 187.49 5.82 191.08 5.07 193.13 3.81 0.000** ** ** – 186.92 4.57 – ** **

SPP:Go-Me, u 23.33 3.93 26.49 4.96 30.99 4.24 0.000** ** ** ** 25.71 4.02 ** – **

Dentoalveolar

U1-SN, u 89.61 5.63 98.12 7.65 103.93 6.04 0.000** ** ** ** 103.16 5.46 ** ** –

U1-SPP, u 81.26 6.24 73.43 6.29 68.33 5.32 0.000** ** ** ** 68.44 4.62 ** ** –

L1-Go-Me, u 95.91 5.10 100.17 5.60 97.22 6.26 0.005** ** – – 96.72 4.72 – ** –

U1-L1, u 141.67 7.39 127.09 8.56 120.51 7.91 0.000** ** ** ** 126.00 6.34 ** – **

* P , .05; ** P , .01.

Figure 3. Comparison between the three groups for the Sum (Björk),

(-------- Normal Occlusion, ---- ---- Group I, --- --- Group II, - - - - -

Group III).

Figure 4. Comparison between the three groups for the N S

Gn angle. (-------- Normal Occlusion, ---- ---- Group I, --- --- Group II,

- - - - - Group III).
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amount and direction of mandibular growth by using
functional appliances could be ideal for these patients.
Finally, orthodontists could use the overjet value as
a predictor of facial pattern in Class II patients. This
needs to be confirmed through longitudinal studies.

CONCLUSIONS

N An association was found between the overjet value
and the tendency toward a hyperdivergent pattern.
As the overjet increased, (S-N:Go-Me, SPP:Go-Me,
Sum [Björk], Y-axis angle, and N Go Me) tended to
increase and (S-Go/N-Me, Ar-Go, and N-Me) tended
to decrease. This association was stronger in
females than in males.

N Subjects with a normal overjet showed a horizontal
facial pattern and a posterior inclination of the
maxilla, whereas increased overjet subjects exhibit-
ed a neutral facial pattern with proclined lower
incisors. In contrast, subjects with an extreme overjet
had a vertical facial pattern, anterior inclination of the
maxilla, and a short mandibular ramus.

N The mandible was retrognathic and the maxilla was
normally positioned in the three groups.
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