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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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The attainment of a Class I occlusion may not always 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 during 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 esthetics. Correctly angulated anterior crowns contribute to normal overbite and posterior occlusion. When the crowns are too 
vertical, they lose their functional harmony, and overeruption may result. Improperly angulated incisors may result in all upper contact 
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points being located either too mesially or too distally, thus leading to an improper occlusion. This has been falsely 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 upright, upper anterior arch length may be gained by increasing 
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 incisors, 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 function.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.

It has not been investigated to what extent the variation 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 angulations, and 
crown inclination, but none have investigated the variation of incisor angulations and its effect on posterior occlusion. The question is, how 
much of an effect does variation of the upper incisor angulation have on the molar relationship? This study aims to investigate the variation 
of incisor angulations (torque) and its effects on arch length and molar relationship in Class I occlusions.

MATERIALS AND METHODS Return to TOC

This study involved the use of typodonts with custom-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 positioned from the 
midincisal point to the apex of the incisor 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 using 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 measured. 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 mandibular 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 positioned 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 mammogram film, were used to radiograph the typodont to confirm the accuracy of each 
incremental 2° change of incisor angulation (Figure 1 ). The overjet and overbite was kept constant. Deviation of the upper molar from the 
normal Class I molar relationship was measured 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 magnification were therefore reduced. The same cephalometric 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 measurement 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 upper incisor 
angulation to a new value. A Mitutoyo digital caliper (M.T.I. Qualos, Wetherill Park, NSW, Australia) was used to measure the linear 
change in molar relationships following every 2° of upper incisor angulation change. The change in molar relationships was measured on 



both sides of the arch and when a difference in measurements existed, the average value 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).
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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 relationship indicates that the molar relationship is tending 
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 angulation and change in molar relationship was observed. 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 relationship 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 angulation 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 relationship with every 2° increase or decrease in UI-PP angulation 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 normality 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 randomization in measurements. However, these patterns would not influence the estimates, because 
the experimental error is very small.

Each experimental model tended towards a similar result for all experiments. From the regression equations, a change of 20° in UI-PP 
angulation will alter the molar relationship by an average of 1.838 mm.
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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 relationships, and based his 
classification of malocclusion on these occlusal characteristics.

Andrews1 explained the importance of various occlusal components and described the six keys required 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 normal occlusion, a deficiency in one of the keys of occlusion 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 palatal plane facilitates a Class I buccal segment relationship when the lower incisor to 
mandibular plane angulation is 92°. However, as the upper incisor angulation deviates further from this mean value of 110°, the result is a 
less than an ideal buccal segment relationship when the overjet and overbite remain similar. 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 combination 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 conversely 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 relationship, 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 condition, 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 predicted 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 satisfactorily despite the attainment of a 
normal overjet and overbite. It is apparent that when the upper incisor angulation is increased, the molar relationship will tend towards a 
Class III molar relationship (Figure 2c ), assuming that a normal overjet and overbite are maintained. Conversely, a decrease in upper 
incisor angulation will result in a tendency towards a Class II molar relationship (Figure 2a ). In this situation, increased palatal root 
torque will be necessary to gain arch length and thus improve the posterior buccal segment relationship. This is particularly important in 
extraction 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 
reflected as an increase in overjet in the anterior segment.

Although this study investigated upper incisor angulation 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 significant 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 discrepancy is responsible for poor buccal segment interdigitation 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 importance of cephalometric radiographs, and to underestimate the value of measuring tooth sizes and performing a tooth size 
analysis. Although it may not be necessary to request a comprehensive range of radiographs and perform such analyses for every 
orthodontic 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 normal limits may create problems during the latter stages of 
treatment. How much can the lower incisors be proclined before they significantly affect the overall occlusal scheme? Tweed15 reported 
that 12° of proclination or retroclination of the lower incisors could result in arch length changes of up to 10 mm. Sadowsky16 stated that 
advancing or retracting the lower incisor by 1 mm will result in a 2-mm gain or a 2-mm reduction in the mandibular dental arch length, 
respectively. It is apparent that an association between lower incisor angulation, arch length, and molar relationship also exists, but this 
will be subject to a separate study.

The crown-root angulation may also affect the degree of upper incisor angulation. Delivanis and Kuftinec17 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 treatment planning. With all cases, early 
planning with a vision towards providing or maintaining adequate incisor 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 discrepancy, 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 variables individually and/or collectively has the potential to affect the overall occlusion, the extent of 
such effect(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 correspond 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. Information derived from this regression 
equation is also invalid when the lower incisor to mandibular plane angulation varies significantly from 92°.

CONCLUSIONS Return to TOC

● Variation in the angulation of the upper incisors from normal limits can significantly alter the molar relationship and is likely to result 
in less than ideal buccal 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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Click on thumbnail for full-sized image. 

Figure 1. Radiograph of the typodont. The triangular metallic plate was removed and is not shown here 

Click on thumbnail for full-sized image. 

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 relationship is 
Class I. (c) Upper incisor angulation is at 130° and molar relationship is near half-unit Class III  
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