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Maxillary Incisor Angulation and Its Effect
on Molar Relationships

Yasinee Sangcharearna; Christopher Hob

ABSTRACT
Objectives: To determine the variation in molar relationships when upper incisor angulations are
altered in a Class I occlusion with normal overjet and overbite.
Materials and Methods: Typodonts were set up to simulate a Class I occlusion on a normal
skeletal base. The lower incisors were positioned normally at 92� to the mandibular plane and the
upper incisor angulations were altered from 90� to 130� by 2� increments to the palatal plane. The
changes in molar relationships were measured with every 2� of upper incisor angulation change.
A regression analysis was performed on the experimental data, and the regression coefficients,
slope, and intercept were estimated.
Results: A negative linear relationship between upper incisor angulations and change in molar
relationship was observed. On average, a change of 20� in upper incisor angulation will alter the
molar relationship by 1.8 mm.
Conclusions: Changes in upper incisor angulations are significantly related to change in the
molar relationship. Upper incisor angulations that deviate significantly from normal values are likely
to result in less than ideal buccal segment relationships.
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INTRODUCTION

The attainment of a Class I occlusion may not al-
ways be achievable for every treated malocclusion.
One of the variables that may affect the final occlusion
is the labiolingual angulation of the upper and lower
incisor teeth, which is an important consideration dur-
ing orthodontic diagnosis and treatment planning.

Andrews1 stated that the degree of labiolingual
crown angulation of the upper and lower incisor teeth
influences both posterior occlusion and anterior es-
thetics. Correctly angulated anterior crowns contribute
to normal overbite and posterior occlusion. When the
crowns are too vertical, they lose their functional har-
mony, and overeruption may result. Improperly angu-
lated incisors may result in all upper contact points
being located either too mesially or too distally, thus
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leading to an improper occlusion. This has been false-
ly blamed on a tooth size discrepancy when there may
not be one.1

Arch length is also influenced by the angulation of
the incisor teeth. When a deficiency in the dental arch
length becomes apparent, the angulation of the upper
anterior teeth should be examined. If they are too up-
right, upper anterior arch length may be gained by in-
creasing the amount of palatal root torque. O’Higgins
et al2 constructed an in vitro model of bracketed acrylic
maxillary teeth to investigate Andrews’ hypothesis that
there is a space implication when incisors are torqued
inadequately. They found that for average-shaped in-
cisors, a space requirement of 1 mm can be expected
if all four maxillary incisors are torqued by 5�.

In an occlusion with a good Class I buccal segment
relationship, the lack of an adequate overbite and
overjet of the anterior teeth can be associated with
improperly angulated upper anterior teeth, a tooth size
discrepancy, or a combination of the two. The anterior
teeth may be occluding on or close to an edge-to-edge
anterior relation, resulting in reduced anterior func-
tion.3 Not only can inadequate angulation of the upper
anterior teeth and/or a tooth size discrepancy have an
effect on the anterior occlusion, they can also affect
the buccal segment relationship.
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Figure 1. Radiograph of the typodont. The triangular metallic plate
was removed and is not shown here.

It has not been investigated to what extent the var-
iation of upper incisor angulation could have on the
buccal segment relationship if a normal overjet and
overbite are present. Previous studies4–7 investigated
the relationship between overbite, overjet, crown an-
gulations, and crown inclination, but none have inves-
tigated the variation of incisor angulations and its ef-
fect on posterior occlusion. The question is, how much
of an effect does variation of the upper incisor angu-
lation have on the molar relationship? This study aims
to investigate the variation of incisor angulations
(torque) and its effects on arch length and molar re-
lationship in Class I occlusions.

MATERIALS AND METHODS

This study involved the use of typodonts with cus-
tom-made barium acrylic teeth set up to a normal
Class I occlusion with normal overjet and overbite. A
straight length of stainless steel wire buried along the
long axis of the tooth was used. The wire was posi-
tioned from the midincisal point to the apex of the in-
cisor tooth. An estimate of the sizes for the typodont
teeth was predetermined from Ash and Nelson.8 The
tooth widths were altered to reduce any mismatch in
tooth sizes between the upper and lower teeth by us-
ing a tooth size discrepancy analysis.9,10

The typodont was set up to simulate a skeletal Class
I pattern. The horizontal part of the metallic upper base
of the typodont was used to represent the palatal
plane from which upper incisor angulations were mea-
sured. A removable custom-made triangular metallic
plate was screwed onto the lower part of the typodont.
The base of the triangle coincided with the base of the
typodont, and the hypotenuse represented the man-
dibular plane from which the lower incisor angulations
were measured. The palatal plane to mandibular plane
measurement was set at 23�, compared to the normal
value of 23.1 � 1.7�.11 The lower incisors were posi-
tioned normally at 92� to the mandibular plane. The
upper incisor angulations were altered from 90 to 130�
to the palatal plane in 2� increments.

Lateral cephalometric radiographs, using mammo-
gram film, were used to radiograph the typodont to
confirm the accuracy of each incremental 2� change
of incisor angulation (Figure 1). The overjet and over-
bite was kept constant. Deviation of the upper molar
from the normal Class I molar relationship was mea-
sured with digital calipers for every 2� of upper incisor
angular change.

Standardization of Records

A radiographic stand was made to hold the typodont
in the same position when it was mounted beside the
radiographic film. Errors caused by rotation and mag-

nification were therefore reduced. The same cepha-
lometric machine was used for the duration of the
study, and each cephalogram was traced by the same
investigator, who therefore was not blinded.

Tooth Morphology

The crown-root angulation of the upper incisor teeth
used in this study is 0�, which is within the normal
range for Class I occlusions. The normal crown-root
angulation for the upper central incisor is �0.69 �
4.88�.12

The amount of tooth thickness was controlled to not
more than 2.75 mm, which could affect the anterior
maxillary ratio, as suggested by Rudolph et al.13 The
arch form used in this study to set up the teeth in Class
I occlusion is the Ortho Form III (3M Unitek, Monrovia,
Calif) arch form.

Measurement Error

To standardize the experiment and reduce mea-
surement error, the experiment was replicated three
times using the same mold. The mold was used to set
up all teeth into a Class I occlusion with the upper
incisor angulation set to 110� before changing the up-
per incisor angulation to a new value. A Mitutoyo dig-
ital caliper (M.T.I. Qualos, Wetherill Park, NSW, Aus-
tralia) was used to measure the linear change in molar
relationships following every 2� of upper incisor an-
gulation change. The change in molar relationships
was measured on both sides of the arch and when a
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Figure 2. Scatterplot of upper incisor angulation vs change in molar
relationship. The lower incisor angulation was set at 92�. (a) Upper
incisor angulation is at 90� and molar relationship is near-half unit
Class II. (b) Upper incisor angulation is at 110� and molar relation-
ship is Class I. (c) Upper incisor angulation is at 130� and molar
relationship is near half-unit Class III.

difference in measurements existed, the average val-
ue was used.

Statistical Methods

Linear regression analysis (Minitab Student Release
14, Minitab Inc, San Marcos, Calif) was used to find
the relationship between upper incisor angulation and
molar relationship. Significance was predetermined at
P � .05. The regression equation y � a � bx was
formulated to predict the change in molar relationship
when the angulation of the upper incisors to the palatal
plane changed (y � change in molar relationship; x �
degree of upper incisor angulation; a � y intercept; b
� slope).

RESULTS

Changes in the upper first molar position relative to
the lower first molar position was found for every 2�
change in the upper incisor to palatal plane (UI-PP)
angulation (Figure 2). A negative change in molar re-
lationship indicates that the molar relationship is tend-
ing towards half-unit Class III, and similarly, a positive
change in molar relationship indicates that the molar
relationship is tending toward half-unit Class II.

A negative linear relationship between UI-PP an-
gulation and change in molar relationship was ob-
served. The data were analyzed using a simple linear
regression analysis. The regression coefficients,
slope, and intercept were estimated. The results

showed that there is a strong negative linear relation-
ship between UI-PP angulation and change in molar
relationship, with R2 � 0.9840.

The results from the regression analysis showed a
significant linear relationship between UI-PP angula-
tion and change in molar relationship (P � .05). The
regression equation, y � a � bx, is y � 10.2 �
0.0919x. The y intercept a � 10.2 mm (SEa � 0.2964
mm, df � 19). The slope b � �0.092 mm/� (SEb �
0.0026 mm/�, df � 19).

The reproducibility of the change in molar relation-
ship with every 2� increase or decrease in UI-PP an-
gulation showed a very high degree of accuracy. The
estimated experimental error was 0.022 mm, with
each observation being close to the corresponding
mean.

The assumption of regression was checked by using
the residual plot and residual analysis. The normal
probability plot of the residuals revealed that the nor-
mality of data may be safely assumed. The residuals
vs order and the residuals vs fitted data formed certain
patterns, which may be explained by a lack of random-
ization in measurements. However, these patterns
would not influence the estimates, because the ex-
perimental error is very small.

Each experimental model tended towards a similar
result for all experiments. From the regression equa-
tions, a change of 20� in UI-PP angulation will alter the
molar relationship by an average of 1.838 mm.

DISCUSSION

The effect of inadequate upper incisor angulation on
molar relationships may not be fully appreciated until
the later stages of orthodontic treatment. This is an
important consideration, as difficulties with finishing to
a normal Class I occlusion could arise from deficient
labiolingual angulation of the upper incisors. Angle14

was the first to describe the importance of such rela-
tionships, and based his classification of malocclusion
on these occlusal characteristics.

Andrews1 explained the importance of various oc-
clusal components and described the six keys re-
quired for normal occlusion. He further highlighted and
quantified the interrelationship which exists between
the various keys of normal occlusion. This emphasized
that although each key is integral to achieving a nor-
mal occlusion, a deficiency in one of the keys of oc-
clusion can adversely affect the overall occlusal
scheme. That is, the anterior and posterior occlusion
cannot be considered to be mutually exclusive.

A normal upper incisor angulation of 110� to the pal-
atal plane facilitates a Class I buccal segment rela-
tionship when the lower incisor to mandibular plane
angulation is 92�. However, as the upper incisor an-



224 SANGCHAREARN, HO

Angle Orthodontist, Vol 77, No 2, 2007

gulation deviates further from this mean value of 110�,
the result is a less than an ideal buccal segment re-
lationship when the overjet and overbite remain simi-
lar. Changes to the angulation of the upper incisors
alter the arch length, which in turn has an effect on
the buccal segment relationship, the overjet, or a com-
bination of the two. Tuverson3 demonstrated, through
the use of a diagnostic setup, that arch length is clearly
influenced by the degree of angulation of the upper
incisors. He showed that dental arch length decreased
as the upper incisors became more upright, and con-
versely that dental arch length could be increased
through increasing the lingual axial inclination of the
upper incisors.

An association between upper incisor angulation
and change in molar relationship was found by the use
of successive experimental occlusal models in this
study. It was possible to quantify this described rela-
tionship, and a highly significant relationship between
upper incisor angulation and molar relationship (R2 �
98.4) was found.

One of the requirements of this investigation was
that the anteroposterior position of the upper incisor
crowns be held constant throughout the experiment.
Therefore, any change in the UI-PP angulation was
attributed to root movement or torque, as opposed to
simple crown tipping. It is important to specify this con-
dition, as it is clear that root torque and crown tipping
have the potential to produce different changes in the
overall anterior and posterior dental relationships. For
every 5� of upper incisor angulation change, the molar
relationship changed by 0.46 mm per side. Therefore,
a 5� increase in incisor angulation resulted in a 0.92-
mm increase in arch length bilaterally. It can be pre-
dicted that the molar relationship will tend towards
Class III at a rate of 0.09 mm per degree of increase
of UI-PP angulation change. In agreement with these
findings, O’Higgins et al2 also reported that increasing
the angulation of the upper incisors by 5� resulted in
an increase in arch length of approximately 1 mm.

Clinicians should be aware of the reasons why the
buccal segments do not always interdigitate satisfac-
torily despite the attainment of a normal overjet and
overbite. It is apparent that when the upper incisor an-
gulation is increased, the molar relationship will tend
towards a Class III molar relationship (Figure 2c), as-
suming that a normal overjet and overbite are main-
tained. Conversely, a decrease in upper incisor an-
gulation will result in a tendency towards a Class II
molar relationship (Figure 2a). In this situation, in-
creased palatal root torque will be necessary to gain
arch length and thus improve the posterior buccal seg-
ment relationship. This is particularly important in ex-
traction cases, when loss of torque control could arise
during space closure. It is also important to recognize

that overjet and overbite must be maintained within the
normal range to ensure that the increase in arch length
occurs in the posterior segment rather than being re-
flected as an increase in overjet in the anterior seg-
ment.

Although this study investigated upper incisor an-
gulation as a contributing factor to changes in arch
length and molar relationship, upper incisor angulation
is not the only factor that needs to be considered in
the attainment of a normal Class I occlusion. There
are other occlusal variables that are essential for the
establishment of an ideal occlusal scheme. If these
variables deviate significantly from the mean values, a
less than ideal Class I occlusion will be the likely end
result. One such variable is the presence of a signifi-
cant tooth size discrepancy, which has the potential to
contribute to the poor interdigitation of teeth at the end
of a course of orthodontic treatment.

It is common to suggest that a tooth size discrep-
ancy is responsible for poor buccal segment interdig-
itation in cases in which the overjet and overbite have
been reduced to normal values. This investigation
highlights that incorrect incisor angulation may also be
a significant, and perhaps a more frequent, contributor
to the presence of a poor buccal segment relationship.
Despite this, it is not uncommon to overlook the im-
portance of cephalometric radiographs, and to under-
estimate the value of measuring tooth sizes and per-
forming a tooth size analysis. Although it may not be
necessary to request a comprehensive range of radio-
graphs and perform such analyses for every orthodon-
tic patient, it is important to appreciate the value of
such information in the assessment of problem cases.
Evaluation of incisor angulations and performance of
a tooth size analysis should be considered in patients
when the anterior and/or posterior occlusion does not
interdigitate satisfactorily. Ideally, this should have
been performed earlier as an integral part of diagnosis
and treatment planning.

Not much has been said about the angulation of the
lower incisor teeth. Proclination of the lower incisors is
a common finding in many completed cases. Again,
lower incisor angulations that deviate away from nor-
mal limits may create problems during the latter stages
of treatment. How much can the lower incisors be
proclined before they significantly affect the overall oc-
clusal scheme? Tweed15 reported that 12� of procli-
nation or retroclination of the lower incisors could re-
sult in arch length changes of up to 10 mm. Sadows-
ky16 stated that advancing or retracting the lower in-
cisor by 1 mm will result in a 2-mm gain or a 2-mm
reduction in the mandibular dental arch length, re-
spectively. It is apparent that an association between
lower incisor angulation, arch length, and molar rela-
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tionship also exists, but this will be subject to a sep-
arate study.

The crown-root angulation may also affect the de-
gree of upper incisor angulation. Delivanis and Kufti-
nec17 found that the incisor crowns of Class II division
2 malocclusion patients appeared to be more palatally
placed in relation to their respective roots compared
to the incisors of Class II division 1 patients. Again,
this has to be considered during diagnosis and treat-
ment planning. With all cases, early planning with a
vision towards providing or maintaining adequate in-
cisor root torque will enhance the results of completed
cases.

Limitations of This Study

This experimental model has several limitations. It
has not investigated the effects of tooth size discrep-
ancy, tooth shape, crown root angulations, incisor
edge thickness, or arch form on the molar relationship.
All of these occlusal variables were controlled in this
typodont investigation. Although each of these vari-
ables individually and/or collectively has the potential
to affect the overall occlusion, the extent of such ef-
fect(s) was not examined in this study. The regression
equation from this experiment is valid only when the
upper incisor angulation ranges between 100 and 130�
to the palatal plane and for the tooth sizes that cor-
respond to the study. Beyond this range of angulation
and for significantly larger or smaller tooth sizes, the
predictive value of this equation could be incorrect. In-
formation derived from this regression equation is also
invalid when the lower incisor to mandibular plane an-
gulation varies significantly from 92�.

CONCLUSIONS

• Variation in the angulation of the upper incisors from
normal limits can significantly alter the molar rela-
tionship and is likely to result in less than ideal buc-
cal segment relationships.

• Positioning the upper and lower incisor angulations
within normal limits is an important consideration
during orthodontic diagnosis and treatment planning
and should be monitored during treatment, and this
objective should be achieved in the finishing stages
of treatment.
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