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Optimal antero-posterior position of the maxillary central incisors and its

relationship to the forehead in adult African American females

Matthew P. Gidalya; Timothy Tremontb; Chee Paul Linc; Chung How Kaud; Nada M. Souccare

ABSTRACT
Objectives: To determine an optimal anteroposterior (AP) position of the maxillary central incisors
and their relationship to the forehead in adult African American (AA) females.
Materials and Methods: Smile profile photographs of 150 AA females were acquired and divided
into an optimal control group (N ¼ 48) and a study group (N ¼ 102) based on the position of the
maxillary central incisors, as judged by a panel of orthodontists and orthodontic residents. The AP
position of the maxillary central incisors and the forehead inclination (FI) were measured relative to
Glabella vertical (GV). A two-sample t-test was used to compare the incisor AP position and the FI
between the two groups. Linear regression was used to quantify the relationship between the
incisor AP position and the FI.
Results: In all groups, the maxillary incisors were anterior to GV. However, a significant difference
was found in the incisor AP position between the groups (8.58 6 3.96 mm for the control group and
11.2 6 4.48 mm for the study group; P ¼ .001). Furthermore, the control group demonstrated a
positive association between the optimal AP position of the maxillary central incisors and FI (P ,

.0001).
Conclusions: GV is a reliable landmark with which to access the AP maxillary incisor position in
AA females. The optimal AP position of the maxillary central incisors is significantly associated with
FI; the greater the FI, the more anterior the optimal maxillary incisor position. A prediction equation
to determine the optimal position of the maxillary incisors relative to GV for AA females is proposed.
(Angle Orthod. 2019;89:123–128.)

KEY WORDS: Incisors; Forehead; Forehead inclination; African American female; Landmark;
Glabella vertical

INTRODUCTION

Improving facial esthetics is a major motive for

patients seeking orthodontic care. Recently, orthodon-

tists have focused their attention not only on static

profile assessments but also on dynamic smile

evaluations.1–9 This interest illustrates the importance

of harmonious positioning of the maxillary incisor and

stresses the significance of the profile smiling view.

Clinicians are encouraged to evaluate the profile during

smile to achieve optimal static and dynamic facial

esthetics while concomitantly establishing ideal occlu-

sal relationships, function, and stability.2,10

Various studies have investigated the characteristics

of the African American (AA) profile at rest in an effort

to individualize treatment plans and achieve optimal

esthetics. Most studies11–15 used panels of judges to

determine the acceptable amount of lip protrusion.

Scott and Johnston15 investigated the impact of

premolar extractions on the profile of patients of

African descent. Their results indicated that the panel

preferred the reduced profile convexity in the extraction

group; however, the preferred reduction relative to the

E-line was different based on the initial malocclusion,
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both the patient’s and the rater’s ethnic backgrounds,
and the rater’s professional background. Peck and
Peck12 found attractive faces were more protrusive
than cephalometric standards would like to permit,
suggesting that the ideal profile for AA females was
straighter than the average AA profile but more convex
than the Caucasian profile norm. Additionally, the work
of Dandajena and Chung16 highlighted the differences
between Caucasian and African faces. Their findings
showed profile norms developed for Caucasians,
particularly the nose and upper lip measurements,
could not be used for a native African population.
Therefore, it was recommended to tailor treatment
plans to specific population groups to achieve optimal
outcomes.16

Cephalometric analyses are often relied upon by
orthodontists to diagnose and plan treatment. Sush-
ner17 updated the norms for the H-Line, E-Line, and S1
line for AA populations since they differed from
Caucasian norms. Various AA cephalometric analyses
were introduced.18,19 A mesh diagram was also
developed, aimed at individualizing orthodontic treat-
ment for AA patients.20 One of the interesting findings
was that, in African Americans, the upper incisor had a
more anterior position than in Caucasians, but its
inclination was similar. Cox and van der Linden21 stated
that cephalometric analyses provide normative values
for various hard tissue references, yet it has been
shown that good facial harmony can exist within a wide
range of these cephalometric values.

The anteroposterior (AP) position of the maxillary
incisor affects the soft tissue profile and can be
manipulated by orthodontic and/or surgical treatment.
It has a direct impact on oral and facial harmony in both
frontal and profile views, with the profile being
emphasized as an important diagnostic view when
patients are smiling.3,4

Schlosser et al.5 showed that there were statistically
significant differences in esthetic judgment with each
AP millimetric change in the maxillary incisor position in
a smiling profile. Both laypersons and orthodontists
rated the facial balance/harmony in 1-mm increments.
Cao et al.6 confirmed the validity of an ideal AP position
of the incisor in a sagittal view, concluding that its
position affected both smiling profile esthetics and
facial harmony.

In the Six Elements of Orofacial Harmonye, An-
drews2 introduced a three-dimensional approach to
diagnosis and treatment planning. In particular, Ele-
ment II of his analysis addressed the optimal AP
position of the upper incisor and utilized the forehead
as a landmark. The forehead was proposed as a useful
landmark because it does not change considerably
over time. According to Andrews, the maxillary incisor
position is optimally positioned when the Forehead

Facial Axis point (FFA), defined as the midpoint of the

clinical crown, coincides with the Goal Anterior Limit

Line (GALL). The AP location of GALL was shown to

be directly associated with the forehead inclination
utilizing the formula published by Andrews. He further

proposed this concept as being universal regardless of

race, age, and gender. Previous studies3,7 demonstrat-

ed this correlation to hold true in Caucasian males/
females. Recently, a study8 showed that the Glabella

Vertical (GV) corresponded with GALL in most

Caucasian patients: In 95% of the population the

GALL is within 1 mm of GV and within 1.5 mm of GV in

99.7% of the population. Therefore, GV has been
proposed as a new reliable frontal plane and boundary

for the anterior maxillary incisor AP position, but its

application was only investigated in Caucasian pa-

tients.8

The purpose of this study was to investigate the

optimal AP relationship of the maxillary central incisors

to the forehead and GV in adult AA females, which
would be useful for orthodontic and surgical diagnosis

and treatment planning.

MATERIALS AND METHODS

One hundred fifty participants were consecutively

recruited from the University of Alabama at Birming-
ham (UAB) Orthodontic Clinic and Hospital. Inclusion

criteria were the following: AA female aged 18 to 60

years with no major dentofacial deformities who had

not undergone orthodontic treatment with conventional

braces. A smile profile photograph of each participant
was taken with the forehead and maxillary incisors in

full view and uploaded into a PowerPointe slideshow.

All photographs were taken at a fixed distance to the

subject’s midsagittal plane with the subject positioned

in a natural head orientation, as described by previous
studies.22–24

The deidentified images were then shown to a panel
of 15 raters (nine Caucasian faculty members and six

Caucasian residents in the Department of Orthodon-

tics). The panel was asked to evaluate the AP position

of the maxillary central incisors and decide if they
preferred the incisors to be more anterior, more

posterior, or to remain in the presenting AP position.

Based on the collective answers, the sample was

divided into two groups. Forty-eight photographic

images of adult AA females judged to have optimal
incisor AP position formed the control group. For

inclusion in this group, 14 of the 15 raters had to agree

that the subject had an optimal incisor AP position. The

remaining 102 photographs constituted the study

group. The study was approved by the institutional
review board at UAB.
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A plummed 100-mm ruler located at the patient’s

midsagittal plane was utilized to scale the image to life

size. All pictures were then printed on 8.5 3 11-inch

paper. Landmark points for the forehead were identi-

fied and marked (Trichion, Superion, and Glabella).

Two reference lines were constructed on the facial

photograph to assess the AP position of the maxillary

central incisor as well as forehead inclination. GV

(Figure 1, Line 1) was drawn so it paralleled the ruler,

and therefore represented ‘‘true vertical.’’ The second

line (Figure 1, Line 2) represented the forehead

inclination and connected the Glabella with the

uppermost point of the clinical forehead (Superion or

Trichion), depending on forehead shape, as defined by

Andrews and Andrews (Figure 2).9

Linear measurements to the closest 0.5 mm were

taken from the facial axis (FA) point of the upper incisor

to GV (Figure 1, Line 1 to the FA point of the upper

incisor) on all 150 subjects. This dictated the AP

position of the upper incisor relative to the frontal plane,

GV. Forehead inclination was measured as the angle

between Lines 1 and 2 using a protractor to the closest

whole degree. Distance measurements were then

scaled to life size utilizing the 100-mm ruler with a
simple magnification calculation (Figure 1).

To ensure the accuracy and validity of the data, all
measurements were taken by two independent raters
for AP position of the upper incisor and forehead
inclination at two different time points, 14 days apart.
The average interrater agreements for both parameters
between the two raters at time points 1 and 2 were 0.92
and 0.88, respectively. Similarly, the average intrarater
agreement was 0.97 for rater 1 and 0.98 for rater 2.

Statistical Analysis

The intraclass correlation coefficient (ICC) was used
to assess the inter- and intra-rater reliability in a
random sample of 150 patients. The ICCs were
computed for the two raters at time points 1 and 2
(inter-rater) and then for each rater over the two time
points (intra-rater). An ICC score of 0.75 or higher was
considered an acceptable reliability.25 Descriptive
statistics were used to summarize maxillary central
incisor AP positions in relation to the forehead and
forehead inclination (n, mean, standard deviation, and
minimum and maximum). The differences in maxillary
central incisor AP position and forehead inclination
between the study and control groups were examined
using a two-sample t-test. Linear regression was used
to quantify the relationship between maxillary central
incisor position and forehead inclination for all groups.
The normality assumption for the data was verified
using a Shapiro-Wilk test. A P-value of ,.05 was
considered statistically significant in two-tailed statisti-
cal tests. All analyses were conducted using SAS 9.4
software (SAS Institute, Cary, NC). The scatter plots
were created using R 3.3.0.

RESULTS

Table 1 shows the AP position of the maxillary
central incisor in relation to GV for the control and study
groups. Table 2 shows that the maxillary central incisor
position relative to GV was significantly different
between the control group and the study group (P ¼
.001), but the forehead inclination was not significantly
different (P ¼ .16). Forehead inclination distribution
between the sample and control group is reported in

Figure 1. Two reference lines constructed on the facial photograph to

assess the AP position of the maxillary central incisor as well as

forehead inclination. Line 1 touches the Glabella Point and parallels

true vertical. Line 2 represents the forehead inclination, depending on

forehead shape, as defined by Andrews.

Table 1. Anteroposterior Position (mm) of the Maxillary Central

Incisors Relative to Glabella Vertical (Distance Between Line 3 and

the FA Point of the Upper Central Incisor, Figure 1)a

Sample n Mean SD Minimum Maximum

Control 48 8.58 3.96 1.7 17.6

Study group 102 11.18 4.48 1.5 21.2

a SD indicates standard deviation.

Table 2. Differences in Maxillary Central Incisor Position (mm) and

Forehead Inclination (8) Between Control Group and Study Groupa

Variable Control

Study

Group Difference P

AP position,

mean 6 SD

8.58 6 3.96 11.2 6 4.48 �2.61 .001

Forehead inclination

mean 6 SD

26.7 6 6.95 28.2 6 6 �1.55 .16

a AP indicates anteroposterior.
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Table 3. Table 4 displays the results of the regression
analysis between the AP maxillary central incisor
position and forehead inclination.

In the control group, the AP position of the maxillary
central incisors was significantly associated with
forehead inclination (P , .0001; Figure 3). In relation
to GV, the AP position of the upper central incisor could
be determined by multiplying the forehead inclination
by 0.3 and adding 0.42 mm. Utilizing this formula
provided from the regression analysis, foreheads with
slopes between 08 and 58 had upper incisors located
0.5 to 2 mm anterior to GV. For every 58 that the
forehead was inclined greater than 58, the upper incisor
was correspondingly 1.5 mm more anterior to GV
(Figure 4). In the study sample, the association
between the AP position of the maxillary central incisor
and the inclination of the forehead was, however, not
as significant (P ¼ .017).

DISCUSSION

The study’s aim was to identify an optimal AP
position for the maxillary central incisors in a select
group of adult AA females. In particular, it addressed
whether the method proposed by Andrews for assess-
ing the optimal AP position of the upper central incisors
in relation to the forehead could be utilized for the AA
female population. The published literature on the AA
profile, specifically the female profile, did not focus on

the ideal placement of the jaws and dentition.
According to Peck and Peck,12 attractive protrusive
faces did not fit traditional cephalometric standards.
Moreover, Scott and Johnston15 demonstrated that AA
patients seemed to classify a profile as excessively
protrusive when the lower lip was forward to Rickett’s
E-line by 4 mm or more, the normal variation for
Caucasians being �2 to þ2 mm. Since the maxillary
incisors provide support to the upper lip, they can
significantly contribute to profile convexity. Having an
extraoral assessment of the optimal incisor position is a
useful and convenient tool to use while planning
treatment of AA females. The sample included in this
study had a large age variation. The aging process has
been shown to alter facial features, as the nose and the
chin elongate while the lips flatten.26 However, these
variables did not affect the results of this study since
the measurements were made in relation to the
forehead.

Natural head position (NHP) has been defined27 as a
most balanced, natural position of the head when a
person views an object at her eye level. NHP was
shown23 to have good intraindividual reproducibility and
to represent the true-life appearance of a patient. All
pictures in this study were taken in NHP to allow for a
realistic evaluation of the dental and facial landmarks.

Andrews3 and Adams et al.7 investigated the position
of the maxillary central incisor from a profile view in
Caucasian females and males, respectively. The

Figure 2. The three forehead shapes, as defined by Andrews. Straight, rounded, and angular are defined by connecting the Glabella with the

uppermost point of the clinical forehead (Superion or Trichion).

Table 3. Forehead Inclination (8) for Control and Study Groups

(Angle Between Line 1 and Line 2, Figure 1)a

Sample n Mean SD Minimum Maximum

Control 48 26.69 6.95 3 39

Study group 102 28.24 6 12 46

a SD indicates standard deviation.

Table 4. Linear Regression of Anteroposterior (AP) Position of the

Upper Central Incisor on FI for All Groupsa

Sample n b Coefficient SE P

Control 48 0.31 1.95 ,.0001

Study group 102 0.18 0.07 .017

a SE indicates standard error.
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current study agreed with their findings in that the
forehead was shown to be a useful landmark for the
assessment of the maxillary incisor position. By
evaluating the AP position of the maxillary incisor
relative to GV and forehead inclination, clinicians can
plan an optimal AP placement of the incisors, with the
goal of maximizing facial harmony. While the forehead
shape might vary from individual to individual, the
definition and outline presented by Andrews and
Andrews9 allow for a consistent evaluation and tracing
of this anatomical area.

Andrews’ proposed treatment goals for Caucasian
females included placing the maxillary central incisor
between FFA point and GALL, based on forehead
inclination.3 In the AA female population, this study
proposes to plan the optimal AP position of the upper
incisor in relation to GfV utilizing the equation Optimal
AP upper incisor position (in millimeters to GV) ¼
forehead inclination 3 0.3 þ 0.4 mm.

This equation indicates that AA female patients with
steeper foreheads can afford to have upper incisors
positioned more anteriorly. This formula gives the
orthodontic clinician an objective aid when diagnosing
and treatment planning. The results of this study also
support multiple publications3,5–7 that indicated that the
addition of a smiling profile photograph with the
forehead and maxillary incisors in full view to diagnos-
tic records was advantageous and allowed for tailored
treatment goals.

Similar to all panel-based studies, the composition of
the judging panel might be a delimitation of this
investigation. Previous publications14,15 showed that
the rater’s judgement was affected by his ethnic and

educational backgrounds. In the current study, all the

raters were Caucasians and were either orthodontic
residents or practicing orthodontists. However, even

though not ideal, the panel composition was reflective
of the orthodontic community in the United States.28

More research is needed to include raters from a more
diverse ethnic background and also to study male

African Americans.

CONCLUSIONS

� There is a significant difference in the position of the
maxillary central incisors with reference to GV

between AA females with optimal upper incisor AP
position and those not judged to have an optimal

upper incisor AP position.
� Based on the results of this study, Andrews’

proposed optimal AP position of the maxillary central

incisor for Caucasian females is not applicable to the
AA female population. All optimally positioned

maxillary incisors in AA females were anterior to GV.
� There is a strong association between the upper

incisor AP position and the forehead inclination in
subjects who had optimally placed maxillary central

incisors.
� The forehead can be considered a useful landmark

for assessing the facial profile for adult AA females

as it relates to the AP maxillary central incisor
position. Treatment objectives should include obtain-

ing a harmonious relationship between the forehead
and maxillary central incisor AP position.

� The optimal AP position of the upper incisors relative
to GV in AA females can be determined by the

Figure 3. Linear regression analysis of the association between AP

position of the maxillary central incisor (mm) and forehead inclination

(8) in the control group. The bands on the fitted line depict the 95%

confidence interval for the linear regression.

Figure 4. Optimal positioning of the maxillary incisor relative to the

minimum, mean, and maximum variation in forehead inclination using

the proposed regression formula: Optimal AP upper incisor position

(millimeters to GV) ¼ forehead inclination 3 0.3 þ 0.4 mm.
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formula Optimal AP upper incisor position (millime-
ters to GV) ¼ forehead inclination 3 0.3 þ 0.4 mm.

� The inclusion of a smiling profile photograph as part
of the orthodontic diagnostic and final records is
recommended.
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