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Lip Shape and Position in
Class II division 2 Malocclusion

Grant T. McIntyrea; Declan T. Millettb

ABSTRACT
Objective: To determine whether differences exist in the shape and position of the lips between
Class II division 2 and Class I malocclusions.
Materials and Methods: Lateral cephalometric radiographs of subjects with Class II division 2 (n
� 30) and Class I (n � 30) incisor relationships were scanned at 300 dpi to produce digital images.
These were subsequently digitized in random order. Twenty-one landmarks characterizing the
upper and lower lips and the maxillary and mandibular central incisors were digitized. Procrustes
algorithms optimally superimposed the landmark configurations to standardize size, location, and
orientation. Discriminant analysis of the principal components of shape determined the differences
between the Class II division 2 and Class I groups.
Results: The shape and position of the upper and lower lips differed significantly between the
Class II division 2 group and the Class I group (P � .001). Principal component (PC) 1 (46% of
the variance) involved an increase in the thickness of the upper and lower lips in the Class II
division 2 group. PC2 (11% of the variance) was characterized by a relatively higher lip line in
the Class II division 2 group.
Conclusions: The shape and position of the lips differ between Class II division 2 and Class I
malocclusions.
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INTRODUCTION

Class II division 2 malocclusion is characterized by
the permanent mandibular incisors occluding posterior
to the cingulum plateau of retroclined permanent max-
illary incisors.1 This gives rise to a reduced overjet and
frequently an increased overbite. Classically, the per-
manent maxillary central incisors are retroclined and
the maxillary lateral incisors are proclined and mesio-
labially rotated. However, all four permanent maxillary
incisors may be retroclined with or without facially dis-
placed and proclined permanent maxillary canines.

The relationship of the labial soft tissues to the per-
manent maxillary incisors has been implicated as the
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principal etiological factor in the development and re-
lapse of Class II division 2 malocclusion.2–7 Specifi-
cally, the maxillary incisor retroclination is thought to
result from increased resting lip pressure as a con-
sequence of a combination of hyperactivity of the labial
musculature and a higher resting lip line.5,7,8 Despite
cephalometric studies confirming the higher resting lip
line, electromyographic studies have not confirmed
unanimously increased labial musculature activity in
subjects with Class II division 2 malocclusions when
compared with those with Class I malocclusion.9–11

Furthermore, no previous study has investigated si-
multaneously lip shape and position as a factor in the
development of Class II division 2 malocclusion. This
is because shape data cannot be derived from linear
and angular measurements.12 Morphometric tech-
niques overcome many of the limitations of conven-
tional cephalometric measurements because they in-
tegrate geometric location and biologic homology al-
lowing shape comparisons to be made.13,14

The objective of this study is to determine whether
differences exist in the shape and position of the lips
between Class II division 2 and Class I malocclusions.
The null hypothesis tested is that there are no differ-
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Figure 1. Shape variance.

ences in the shape and position of the lips between
Class II division 2 and Class 1 malocclusions.

MATERIALS AND METHODS

Of the 499 lateral cephalograms recorded at a uni-
versity orthodontic clinic during 2001, 135 were ex-
cluded from this study for various reasons affecting the
cephalometric visualization of the permanent maxillary
central incisor form. The lateral cephalometric radio-
graphs of three other subjects could not be located.
The remaining 361 lateral cephalometric radiographs
were stratified according to incisor relationship as de-
fined by the British Standards Institute1 and recorded
in the clinical records by experienced orthodontists:

• Class I: The lower incisor edges lie on or below the
cingulum plateau on the palatal surface of the upper
incisors with a normal overjet.

• Class II division 1: The lower incisor edges lie palatal
to the cingulum plateau of the upper incisors and the
upper incisors are proclined or of normal inclination
with an increased overjet.

• Class II division 2: The lower incisor edges lie palatal
to the cingulum plateau of the upper incisors with the
upper incisors being retroclined, the overjet is usu-
ally minimal but may be increased.

• Class III: The lower incisor edges lie labial to the
cingulum plateau of the upper incisors.

The resultant groupings were as follows: Class I (n �
71); Class II division 1 (n � 139); Class II division 2
(n � 60); and Class III (n � 91). Full details regarding
the selection of these groups are described else-
where.15

Because this study evaluated lip shape and position
in Class II division 2 malocclusion compared with
Class 1 malocclusion, cephalograms of subjects with
Class II division 1 and Class III malocclusions were
excluded along with those from the study groups that
showed poor definition of the labial soft tissues. Thirty
Class II division 2 and 29 Class I cephalograms were
excluded to leave 30 Class II division 2 and 42 Class
I images. The 30 images of the Class II division 2
group and the 30 cephalograms which were randomly
selected from the Class I group were scanned at 300
dpi to produce monitor-displayed digital cephalograms
using a Heidelberg NewColor 4000 flatbed scanner
(Heidelberg CPS GmbH, Bad Homburg, Germany,
http://www.hdcps.com/) attached to a DELL Dimen-
sion XPS T550 computer and DELL D1626HT
(UltraScan 1600HS Series) 21-inch Color Graphics
Display monitor (DELL, Round Rock, Tex, http://
www.dell.com).

Using tpsDIG32 (http://life.bio.sunysb.edu/morph/),
each digital cephalogram was digitized on-screen in

random order under identical conditions with all sourc-
es of extraneous background lighting eliminated.
Where any uncertainty existed as to incisor orientation
or soft tissue contour, images were enlarged. The sub-
ject’s study models were also consulted where nec-
essary. Magnification was standardized during the re-
cording, scanning, and digitizing of the radiographs.

The x-y coordinates of 21 landmarks (Figure 1; Ta-
ble 1) representing the form of the most labially posi-
tioned maxillary and mandibular central incisors and
the profile of the lips were digitized and exported for
subsequent analysis. Twenty-five of the images were
redigitized 1 month later to evaluate intraoperator re-
producibility for individual landmarks.16

Discriminant Analysis of the Principal
Components of Shape

Before comparing the dental and soft tissue mor-
phology between the study groups, the landmark con-
figurations of the whole sample were standardized us-
ing APS software (version 2.4, http://www.cpod.com/
monoweb/aps/aps.htm). Using Procrustes algorithms,
APS scaled, translated, and superimposed the cen-
troids (the geometric midpoints) of the landmark con-
figurations of the incisor-lip complex in one step. Con-
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Table 1. Landmarks

Landmark
Number Definition

1 Junction of the nasal columella and philtrum of the
upper lip

2 Deepest point on the concavity of the upper lip
3 Most anterosuperior landmark on the upper lip
4 Most anterior landmark on the upper lip
5 Most anteroinferior landmark on the upper lip
6 Stomion
7 Most incisal point of contact between upper lip and

maxillary incisor
8 Most incisal point of contact between lower lip and

maxillary incisor
9 Most anterosuperior landmark on the lower lip

10 Most anterior landmark on the lower lip
11 Most anteroinferior landmark on the lower lip
12 Deepest point on the concavity of the lower lip
13 Most anterior point on the soft tissue chin
14 Maxillary incisor crown tip
15 Maxillary incisor root apex
16 Maxillary incisor labial ACJ
17 Maxillary incisor palatal ACJ
18 Mandibular incisor crown tip
19 Mandibular incisor root apex
20 Mandibular incisor labial ACJ
21 Mandibular incisor lingual ACJ

Figure 2. Discrimination between Class II division 2 and Class I
malocclusions (solid line represents Class II division 2; dotted line
represents Class 1).

Table 2. Principal Components of Shape

Compo-
nent

%
Variance R2-value F-value P-value

2 57 0.682 55.787 ***

*** P � .001.

currently, the configurations were iteratively rotated to
minimize the squared differences between landmarks.
By standardizing size, location, and orientation, this
procedure produces the ‘‘best-fit’’ of the landmark con-
figurations under test, allowing shape information to be
calculated precisely. The resultant shape variance is
demonstrated in Figure 1, where the individual obser-
vations are plotted as vectors from the landmark-spe-
cific means.

Statistical Analysis

The coefficient of reliability and a two-sample t-test
were used to quantify random errors and systematic
errors, respectively, in relation to landmark reproduc-
ibility. Following Procrustes superimposition, the Pro-
crustes mean (essentially the mean shape) was com-
puted separately for each test group. Calculating the
displacement between each landmark and the Pro-
crustes mean produced a matrix of Procrustes resid-
uals for subsequent statistical analysis by a principal
components of shape (PCS) analysis. Discriminant
analysis of the PCS ordered the data set as linear
combinations of the original variables. The shape com-
ponents were then ordered by decreasing magnitude.
Finally, multivariate regression and discriminant anal-
ysis calculated the best linear combination of the PCs
differentiating between the test groups.

RESULTS

Landmark Reproducibility

Random error values for all landmarks were above
0.95. None was associated with systematic error (P �
.1). These have been suggested as acceptable thresh-
olds.16,17

There were highly significant differences in lip mor-
phology and lip relationship to the permanent central
incisors between the groups (P � .001; Figure 2; Ta-
ble 2). The upper and lower lips were relatively thicker
with more apical contact of the lower lip with the labial
surface of the permanent maxillary central incisor
(higher lip line) in the Class II division 2 group com-
pared with the Class I group. The permanent mandib-
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Figure 3. Principal component 1.
Figure 4. Principal component 2.

ular central incisors were observed to be more upright
with respect to the skeletal base in the former group
than in the latter (Figure 2). The retroclined permanent
maxillary central incisors, which had longer clinical
crowns with a reduced labiopalatal thickness, were rel-
atively more extruded in the Class II division 2 group
compared with the Class I group (Figure 2).

When the principal components (PC) were exam-
ined, PC1 and PC2 accounted for 57% of the total
variance in the Class II division 2 group. PC1 (46% of
the variance) involved thicker upper and lower lips
(Figure 3). PC2 (11% of the variance) was character-
ized by relatively more apical contact of the upper and
lower lips with the labial surface of the permanent

maxillary central incisor and greater coverage of the
labial surface of the permanent maxillary central inci-
sors by the lower lip (Figure 4).

DISCUSSION

Compared with Class I malocclusion, we identified
that subjects with Class II division 2 malocclusion have
a different lip shape and position. Shape is the infor-
mation that remains when size, location, and orienta-
tion are removed from the morphological data.14 Al-
though previous studies have sought to investigate
shape changes occurring with growth,18 orthodontic
treatment,19 and orthognathic surgery,20 labiodental

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



743LIP SHAPE AND POSITION IN CLASS II DIVISION 2

Angle Orthodontist, Vol 76, No 5, 2006

shape has not been evaluated previously in Class II
division 2 malocclusion. In this study, thicker lips were
identified in the Class II division 2 group. A greater
proportion of the labial surface of the permanent max-
illary central incisor was also found to be in contact
with the lower lip. This confirms the findings of previ-
ous cephalometric studies with respect to lower lip line
height in this malocclusion group.2,3,7,8,21

Lateral cephalograms with the lips at rest were used
in this investigation to provide valid labial and related
incisor assessments. Although residual perioral mus-
culature activity exists at rest, this rather than inter-
mittent activity determines incisor positions.22 Lip po-
sition at rest is also highly reproducible.23 The most
significant sources of bias in a cephalometric investi-
gation result from sample selection and digitization,
but every effort was made to minimize bias in our
study by excluding images where the incisor inclina-
tion and related soft tissue profile were not clearly vis-
ible.

The lip shape and position factors, which we iden-
tified, in conjunction with the greater lower than upper
lip pressure on the permanent maxillary incisors9 and
the unfavorable crown-root ratio of the permanent
maxillary central incisors,15,24 favor their retroclination
as they erupt. However, because two-thirds of the root
of the permanent maxillary incisor is mineralized be-
fore eruption begins,25 the increased lip pressure act-
ing on the labial surface is unlikely to be the main
cause of the crown-root deviation identified in previous
studies of Class II division 2 subjects.15,26–32 The den-
toalveolar effects of the distinctive perioral soft tissues
associated with Class II division 2 malocclusion not
only involve the permanent maxillary incisors but also
the permanent mandibular incisors, which were found
to be retroclined. This finding is in accordance with
that of Mills.5

Procrustes superimposition followed by the discrim-
inant analysis of the PCS was used to investigate lip
shape and position. Using this method, the findings of
thicker upper and lower lips and a higher lip line ac-
counted for 57% of the Class II division 2 variance.
Factor analysis is another statistical method that would
have reduced the quantity of shape data.33 Although
that statistical technique and the one adopted in our
study operate differently, similar results are likely to
have been found if factor analysis had been used.
APS software using the discriminant analysis of the
PCS, however, was used because it allowed visual
demonstration of the differences between the test
groups.

The shape and position of the lips in Class II division
2 malocclusion not only affects incisor inclinations but
can also complicate orthodontic mechanotherapy and
posttreatment stability. The latter is more complex

than correcting the centroid relationship by controlled
incisor proclination.34 The proportion of the labial sur-
face of the permanent maxillary central incisor covered
by the lower lip must also be reduced.7,34 Because the
findings of this study and those reported previously15

indicate relative extrusion and a longer clinical crown
of the permanent maxillary incisors in Class II division
2 malocclusion compared with Class 1 malocclusion,
intrusion of the permanent maxillary incisors during
fixed appliance treatment is a necessity during ortho-
dontic mechanotherapy for individuals with Class II di-
vision 2 malocclusion.

A prediction tracing to simulate the effect of planned
maxillary incisor torque and determine whether this
would result in fenestration of the palatal cortex can
be useful.15,35 Incorporating an outline of the lips and
their change in position with tooth movement could
also aid retention planning.

CONCLUSION

• The shape and position of the upper and lower lips
differs between Class II division 2 and Class I mal-
occlusions.
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