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AP Relationship of the Maxillary Central Incisors to the
Forehead in Adult White Females
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INTRODUCTION

dition, good facial harmony has been shown to exist
within a wide range of cephalometric values.11,12
Recognition of these limitations led others to advocate for the use of external soft tissue landmarks such
as the nose, lips, and chin to replace or augment
cephalometric profile analysis.13–25 Soft tissue structures, however, may not reliably convey the positions
of the underlying hard tissue structures.26,27 There is
no reliable correlation, for example, between the nasolabial angle and the position of the maxillary incisors
in profile (Figure 1). Furthermore, there may not be a
predictable response of the nasolabial angle or upper
lip curvature to treatment-induced AP hard tissue
changes.28–34 Changing the AP position of the maxilla
or maxillary incisors to establish a desired nasolabial
angle or a desired relationship of the lips to the nose
or chin may result in undesirable positions of the maxillary incisors in relation to other external facial structures when the maxillary incisors are directly viewed
in profile.
The maxillary incisors, when displayed, should be
considered a part of the face both from the frontal and

Facial esthetics is an important motivating factor for
many patients seeking orthodontic treatment.1–3 Evaluating the face in profile is an integral part of a complete orthodontic diagnosis. Differing methods for evaluating facial profiles have been proposed in the orthodontic literature including traditional cephalometrics
and repose soft-tissue analysis. Traditional cephalometrics uses internal osseous landmarks to define
points, lines, and/or planes, which in turn are used to
quantify anteroposterior (AP) jaw and incisor positions.
The use of such landmarks, however, can be unreliable because of both errors in identification and variability in their positions between individuals.4–10 In adPrivate practice, San Diego, Calif.
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ABSTRACT
Objective: To evaluate and compare the anteroposterior relationship of the maxillary central incisors to the forehead in adult white females with harmonious profiles and in adult white female
orthodontic patients.
Materials and Methods: Ninety-four photographic images of adult white females with good facial
harmony (control sample) were compared with 94 photographs of adult white females seeking
orthodontic treatment (study sample). All images were of the face in profile with the maxillary
central incisors and the forehead in full view. The images were scanned, resized, and rotated to
the upright head position. Reference lines were constructed to assess the anteroposterior positions of the maxillary central incisors as well as forehead inclinations.
Results: In the control sample, 93% had maxillary central incisors positioned between the FFA
point and glabella, 4% posterior to the FFA point, and 3% anterior to glabella. The positions of
the maxillary central incisors were strongly correlated with forehead inclination (r 2 ⫽ .642). In the
study sample, 21% had maxillary central incisors positioned between the FFA point and glabella,
64% posterior to the FFA point, and 15% anterior to glabella. The positions of the maxillary central
incisors were poorly correlated with forehead inclination (r 2 ⫽ .094). The difference between the
means for anteroposterior maxillary incisor position was statistically significant (P ⫽ .0001).
Conclusion: The forehead is an important landmark for anteroposterior maxillary incisor positioning for adult white female patients seeking improved facial harmony.
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Figure 1. The inclination of the upper lip (nasolabial angle) does not
reliably reflect the underlying anteroposterior position of the maxillary
central incisors when they are directly viewed. (A) A patient with an
acute nasolabial angle with the maxillary central incisors positioned
well behind glabella. (B) A patient with an acute nasolabial angle
with the maxillary central incisors positioned forward of glabella.

lateral perspectives. Contemporary orthodontic diagnosis includes assessing the display of the maxillary
incisor teeth from the frontal perspective. In profile,
however, the maxillary incisors are not typically assessed with regard to how they directly relate to the
face. Instead, the soft tissue drape is relied on to reflect indirectly their positions, despite the potential unreliability of that method. Previous studies have not
specifically examined the relationship between the
maxillary central incisors and other external facial
landmarks in profile when the incisors are displayed.
Andrews has written about the use of the forehead
as a landmark for assessing the AP position of the
maxillary central incisors in profile.35 Andrews defined
forehead landmarks and observed the correlation between the forehead’s prominence and inclination and
the position of the maxillary central incisors in individ-

uals with good facial profiles (Figure 2). Schlosser et
al36 found that Andrews’ method of profile assessment
was ‘‘a useful method to evaluate attractiveness relative to the maxillary incisor position.’’
The purpose of this study is to evaluate and compare the AP relationship of the maxillary central incisors to the forehead in adult white females with harmonious profiles (control sample) with a random sample of adult white female orthodontic patients not specifically selected for any skeletal, dental, or facial
characteristics (study sample). Finding a predictable
relationship between the AP position of the maxillary
central incisors and the forehead in individuals with
good facial harmony could provide guidelines for orthodontic diagnosis and treatment planning for patients seeking improved facial harmony.
MATERIALS AND METHODS
The control sample consisted of 94 printed facial
photographic images of adult white females in profile
collected from various publications including fashion
magazines and product advertisements. The criteria
for inclusion were that the maxillary central incisors
and forehead were fully bared and that the subjects
had a generally pleasing appearance in profile (Figure
3). The subjects, by virtue of having been selected to
appear in such publications, were deemed to possess
inherently good facial harmony and were excluded
Angle Orthodontist, Vol 78, No 4, 2008
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Figure 2. Landmarks used by Andrews to assess the anteroposterior position of the maxillary central incisors relative to the forehead.
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Figure 3. Example of an image used in the control sample.

only if the image quality was insufficient to be able to
identify the required landmarks.
The study sample consisted of facial profile photographs from pretreatment records of a random sample
of 94 of adult white females seeking orthodontic treatment. The first 94 adult white females with a complete
set of beginning records selected in alphabetic order
from the active patient files in one orthodontic practice
were used. Pleasing appearances in profile were not
a required selection criterion for this sample, nor were
individuals excluded from the sample if they had a
pleasing appearance in profile. No specific skeletal,
dental, or facial characteristics were used to select the
sample. All images were in profile with the maxillary
central incisors and the forehead fully bared (Figure
4).
Each image was digitally scanned (Epson Perfection 2400 photo scanner) to a computer (Sony VAIO).
The images were then imported into a PowerPoint file
(Microsoft PowerPoint version 2002, Seattle, Wash),
resized to approximate life size, and rotated to an estimated upright head position. The final upright head
position was confirmed by two independent observers.
Approximate life size was determined the using the
average vertical distance from trichion (hairline) to the
incisal edge of the maxillary central incisors measured
on the pretreatment lateral cephalograms of a randomAngle Orthodontist, Vol 78, No 4, 2008

Figure 5. Forehead landmark points.

ly selected sample of 10 adult white patients. The 10
subjects all had the trichion marked with barium paste
prior to taking the head film. This distance was 142
mm.
Landmark points for the forehead were identified as
described by Andrews35 (trichion, superion, glabella,
and the FFA point) and marked on each image using
the drawing tool in PowerPoint (Figure 5). Trichion is
defined as the hairline and is the most superior aspect
of the forehead when the forehead is of relatively flat
contour. Glabella is defined as the most inferior aspect
of the forehead. Superion is defined as the most superior aspect of the forehead when the forehead is
either rounded or angular in contour. The FFA point is
defined as the midpoint between trichion and glabella
for foreheads with flat contour or the midpoint between
superion and glabella for foreheads with rounded or
angular contour. All of these points lie on the midsag-
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Figure 4. Example of an image used in the study sample.
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ittal plane of the head. Three vertical reference lines
were constructed: line 1 through the FFA point, line 2
through glabella, and line 3 through the maxillary central incisors FA point. A fourth reference line (line 4)
for assessing forehead inclination was constructed by
connecting glabella to the uppermost point of the clinical forehead (superion point or trichion) as described
by Andrews35 (Figure 6). Forehead inclination was defined as the angle between line 1 and line 4.
The photographic image was deleted from each
PowerPoint slide, leaving only the constructed reference points and lines. The slides were then printed on
8½⬙ ⫻ 11⬙ standard white paper (Figure 7). All measurements were made on the printed paper by one
examiner. The AP relationship of the maxillary central
incisors to the forehead was measured as the distance
between line 1 and line 3 using a metric ruler to the
closest 0.5 mm. A positive value was assigned when
the maxillary central incisors (line 3) were anterior to
the forehead’s FFA point (line 1) and negative when
posterior. Forehead inclination was measured as the
angle between line 4 and line 1 using a protractor to
the closest 0.5⬚.
Statistical Analysis
Descriptive and comparative statistical analyses
were performed using StatView Student computer
software (Abacus Concepts Inc, Berkeley, Calif). The

means, standard deviations, and ranges were calculated for maxillary central incisor position relative to the
forehead and for forehead inclination in both samples.
The means for both samples were compared using a
paired two-tailed t-test. P values of .05 or less indicated significant differences. A simple second-order
regression analysis was performed between the maxillary central incisor position and forehead inclination
for both samples. Confidence intervals were set at
95%.
Error Analysis
All measurements were repeated by the same examiner on a random sample of 20 subjects (10 from
the study sample, 10 from the control sample). The
systematic error between the first and second measurements was calculated using a paired t-test, for P
⬍ .05. The error variance was calculated according to
the Dahlberg formula.37
RESULTS
Table 1 shows the results of the measurement error
analysis. The systematic errors were statistically insignificant for both incisors position (P ⫽ .157) and forehead inclination (P ⫽ .453). The error variance (Dahlberg formula) was .842 for forehead inclination and
.367 for incisor position.
Angle Orthodontist, Vol 78, No 4, 2008
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Figure 6. Reference lines used in the study. Line 1 is through the forehead’s FFA point. Line 2 is through glabella. Line 3 is through the
maxillary central incisor’s FA point. Line 4 is through superion (or trichion for straight foreheads) and glabella.
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Table 1. Measurement Error Analysis
First
Measurement

Second
Measurement

Mean

SD

Mean

SD

P

Dahlberg

Incisor position
0.95
Forehead inclination 14.02

4.41
4.41

1.22
14.25

3.78
4.34

.16
.45

.37
.84

Table 2. Anteroposterior Position (mm) of the Maxillary Central Incisors Relative to the Forehead’s FFA Point (Distance Between Line
1 and Line 3)
SD

Minimum

Maximum

2.5
⫺1.2

1.9
4

⫺1
⫺8.5

7.5
9

Table 3. Differences in Maxillary Central Incisor Position and Forehead Inclination Between Control and Study Samples

Position, mm
Forehead inclination, ⬚

Figure 7. Reference lines with the facial image deleted.

Table 2 shows the AP position of the maxillary central incisors relative to the forehead’s FFA point for the
control and study samples. For the control sample, the
AP position of the maxillary central incisors relative to
the forehead’s FFA point ranged from ⫺1 mm to 7.5
mm, with a mean of 2.5 mm and standard deviation of
1.9 mm. For the study sample, the AP position of the
maxillary central incisors relative to the forehead’s
FFA point ranged from ⫺8.5 mm to 9.0 mm, with a
mean of ⫺1.2 mm and a standard deviation of 4.0 mm.
The maxillary central incisor position relative to the
Angle Orthodontist, Vol 78, No 4, 2008

Control

Study

t-Test

2.5
13.7

⫺1.2
12.5

.0001
.07

forehead’s FFA point was significantly different between the control sample and the study sample (P ⫽
.0001; Table 3).
In the control sample, 4 subjects (4%) had maxillary
central incisors positioned posterior to the forehead’s
FFA point, 3 subjects (3%) had maxillary central incisors positioned anterior to glabella, and 87 subjects
(93%) had maxillary central incisors positioned somewhere at or between the FFA point and glabella (Figure 8). In the study sample, 60 subjects (64%) had
maxillary central incisors positioned posterior to the
forehead’s FFA point. Fourteen subjects (15%) had
maxillary central incisors positioned anterior to glabella. Only 20 subjects (21%) had maxillary central incisors positioned somewhere at or between the FFA
point and glabella (Figure 9).
Table 4 shows the forehead inclinations for the control and study samples. For the control sample, the
forehead’s inclination ranged from 2⬚ to 26⬚, with a
mean of 13.7⬚ and standard deviation of 4.7⬚. For the
study sample, the forehead’s inclination ranged from
2⬚ to 27⬚, with a mean of 12.5⬚ and standard deviation
of 4.5⬚. Forehead inclination between the control sample and the study sample was not significantly different
(P ⫽ .07; Table 3).
Table 5 shows the results of the regression analysis
between the AP maxillary central incisor position and
forehead inclination for both samples. In the control
sample, the AP positions of the maxillary central incisors were strongly correlated with forehead inclination
(r 2 ⫽ .642). When the forehead inclination was 7.5⬚,
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Control sample (n ⫽ 94)
Study sample (n ⫽ 94)

Mean

667

MAXILLARY CENTRAL INCISORS TO THE FOREHEAD AP

Figure 9. Distribution of the anteroposterior maxillary central incisor
positions relative to the forehead for the study sample.

the incisors tended to be directly below the forehead’s
FFA point (0 mm). For each degree the forehead was
inclined greater than 7.5⬚, the incisors were correspondingly 0.5 mm more anterior to the forehead’s
FFA point (Figure 10). In the study sample, the AP
positions of the maxillary central incisors were poorly
correlated with the inclinations of the forehead (r 2 ⫽
.094; Figure 11).

Table 4. Forehead Inclination (Angle Between Line 4 and Line 1, ⬚)

DISCUSSION
If the maxillary incisors are considered a part of the
face, then orthodontists should evaluate the facial profile with the maxillary incisors bared. Facial landmarks
other than the lips, nose, and chin are needed for assessing their position in profile when those teeth are
displayed. The results of this study indicate that the
forehead can be used as such a landmark. Using the
forehead as a primary landmark for AP incisor positioning avoids the potential pitfalls of relying on cephalometric analysis or repose soft tissue analysis.
The AP positions of the maxillary central incisors

Control sample (n ⫽ 94)
Study sample (n ⫽ 94)

Mean

SD

13.7
12.5

4.7
4.5

Minimum Maximum
2
2

26
27

were strongly associated with the forehead landmarks
used in this study and strongly correlated with forehead inclination in adult white females with good facial
harmony (control sample). These findings support Andrews’ observations.35 The study sample, which represents a typical orthodontic patient population of adult
white females, exhibited characteristics distinctly different from the control sample. Most (64%) of the
study sample had maxillary central incisors positioned
posterior to the forehead’s FFA point, compared with
only 4% of the controls. Those in the study sample
were also much more likely (15%) to have maxillary
central incisors anterior to glabella than those in the
control sample (3%). Furthermore, AP maxillary incisor
position was not correlated with forehead inclination in
Angle Orthodontist, Vol 78, No 4, 2008

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/0003-3219(2008)078[0662:AROTMC]2.0.CO;2 by guest on 03 March 2021

Figure 8. Distribution of the anteroposterior maxillary central incisor
positions relative to the forehead for the control sample.
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Table 5. Correlations Between Incisor Position and Forehead Inclination
Sample

Position, mm

Inclination, ⬚

r2

Control (n ⫽ 94)
Study (n ⫽ 94)

2.5
⫺1.2

13.75
12.5

.642
.094

forehead’s FFA point and glabella and correlated with
forehead inclination. Additional studies are needed to
extend these findings to other racial, age, and gender
groups.
CONCLUSIONS
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