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A b s t r ac t
Aim: To correlate maxillary central incisors labiolingual inclination (LI) with forehead inclination (FI) and assess the anteroposterior (AP) position
of maxillary central incisor (CI) in Dravidian South Indian population with different forehead types using photographs.
Materials and methods: This photograph-based study included 150 class I occlusion participants with good facial harmony equally divided into
three groups (group A—angulated, group B—straight, and group C—rounded) based on forehead type. Reference points and lines were marked
on the right profile full smile photographs of the participants taken in natural head position with CI and forehead in full view, and FI, II, and AP
of CI in all groups were measured and tabulated. Descriptive statistics, Pearson’s correlation test, and linear regression analysis were performed.
Results: Incisor inclination was highest in group A (4.31 ± 2.50) and lowest in group B (1.01 ± 2.04). Pearson’s correlation test revealed a statistically
significant correlation between FI and II (p < 0.05). About 61.4% of the population had maxillary CI positioned anterior to forehead facial-axis
point (FFA), 25.7% posterior to FFA, and 12.8% at FFA.
Conclusion: The findings of the present study showed a moderate correlation (r = 0.696) between FI and II that shows inclination of FI can be
used to determine the II. Majority of the study population (61.4%) had maxillary CI positioned anterior to FFA, which is considered the most
esthetic position of incisors when finishing orthodontic treatment.
Clinical significance: Forehead inclination assessed clinically can be used to determine the incisor inclination.
Keywords: Buccolingual inclination, Photographic diagnosis, Smile esthetics.
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Introduction
Harmonious facial esthetics and a pleasing smile line motivate
most patients to seek orthodontic correction. Smile analysis has
been extensively reported in the orthodontic literature.1–3 The
contemporary orthodontic diagnosis using smile analysis views
maxillary incisors from a frontal perspective but the appearance
and position of the maxillary CI should be considered both in the
frontal and lateral views. Labiolingual inclination of the maxillary CI
has a major effect on profile smile attractiveness.4,5 The lateral smile
profile displays the inclination of maxillary CI which is not perceived
much on the frontal view.6 Incisor inclination in a well-treated case
should be ideal for better esthetics.7
Forehead was used as a landmark for assessing the AP position
of the maxillary CI in white females by Andrews.8 Andrews defined
forehead landmarks and found a positive correlation of forehead
angulation and the position of the maxillary CI in individuals with
good facial profiles.8 Another study by Schlosser et al., observed
that AP position of the maxillary denture resulted in attractive facial
profiles.9 Foreheads are classified into three types: straight, angulated,
and bossed.10 Several authors have proved that FI can be relied upon for
assessing the AP position of incisors.10 However, there are no previous
studies correlating FI and II in the Dravidian population which is why
this study was conducted to find if there is a correlation of FI and II.
Traditionally, cephalometric radiographs are used to study the
relationship of II to the skeletal base. In an attempt to avoid radiation
exposure, recent studies have correlated AP position of CI with FI on
profile photographs. According to Hujoel et al., the maximum number
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of lateral cephalograms taken during the course of orthodontic
treatment should not be more than three as there are concerns of
unwanted radiation.11 However, photographs can be taken during each
visit to evaluate the changes in II on facial profile. The rationale for the
study was to evaluate whether profile photographs were sufficient
during routine orthodontic visits to assess II instead of taking lateral
cephalograms. This study was aimed at correlating II with FI and to
report on the average II, FI, AP of maxillary CI in different forehead types.

M at e r i a l s

and

Methods

This prospective study was conducted from June 2021 to
October 2021. Participants of the study included students and
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patient attenders who reported to Saveetha Dental College.
Ethical approval of the study was obtained from the scientific review
board of SIMATS Deemed University IHEC/SDC/ORTHO-2001/21/201.

Inclusion Criteria
Only participants with esthetically pleasing profiles, class I molar,
class I canine, and class I incisor relation with well-aligned arches
and optimum overbite were included in the study.

Exclusion Criteria
Participants with skeletal malocclusions/jaw discrepancies, history
of previous orthodontic treatment, orthognathic surgery, plastic
surgery, missing or replaced teeth, and with receded hairlines
were excluded.

Sampling
Sample size calculation was done using G*Power 3.1.9.4 software
with a significance of 5% (0.05) and arrived at a sample size of
102 participants. To get an equal number of samples in each
group the sample was increased to 150 (69 men and 81 women)
aged 18–25 years.

Photographic Technique
Photographs of 250 eligible study participants were taken
using Nikon 5600D camera with Tamron 90 mm macro lens and
the settings were ISO: 100, aperture size: f/11, shutter speed:
1/200 against a white background. The right smile profile
photographs of participants in natural head position with sufficient
incisal show and forehead in full view were taken. To ensure that the

subject is in a natural head position few instructions were given to
them. All participants were asked to look straight into the reflection
of their own eyes with head straight, back upright, shoulders
relaxed, and feet on the ground. A plumb line was placed in front
of the mirror and the participants were asked to align themselves in
front of the mirror. Patient’s head positioning was rechecked by the
examiner such that the plumb line coincided with their midsagittal
plane. The photographs were cropped to a ratio of 4:3 using Adobe
Photoshop software. A sample of 10 participants were randomly
selected and cephalograms were taken to measure the average
vertical distance from trichion to the incisal edge of maxillary
CI. Before taking the radiographs of individual participants,
landmarks (trichion and glabella) were marked on the patients’
face using a small double-sided tape with a small radiopaque
metal pin for identification of landmarks in the radiograph. The
distance measured on the radiograph was 14.9 cm with a range
of 12.6–15.2 cm and then transferred to the photograph, resized to
approximate life size in Adobe Photoshop version 7.0.

Participant Allocation
Of the 250 eligible study participants, 150 of them divided equally
into three groups were included in the final study based on
forehead type assessment of the photographs performed by the
investigators (SD and RKJ) according to the study by Andrews as
group A—angulated, group B—straight, and group C—rounded
(Figs 1 and 2A to C).12–14 Anteroposterior position of maxillary CI was
assessed in this study taking FFA as a common landmark as either
anterior or posterior to FFA. All the measurements were done by a
single examiner to avoid any subjective error in locating the points
and lines. Three reference points (trichion or superion, glabella,
and FFA) were located and marked in each of these profile smile
photographs. The true vertical obtained as a plumb line was used
in taking photographs. Six reference lines through these points
were drawn exactly parallel to the true vertical line (Figs 3A and B
and 4). The three reference points and six reference lines are
described in Table 1. 8 Forehead inclination was obtained by
measuring the angle between line 4 and the true vertical line.
Incisor inclination was obtained by measuring the angle between
line 3 and the true vertical line. Mean FI, mean II, and AP position
of maxillary CI were the measured parameters.

Statistical Analysis
Fig. 1: Patient recruitment chart.

The measurements were entered in Excel spreadsheet and then
the data were imported to SPSS software version 23. Descriptive
statistics were done to find out the mean and standard deviation of

Figs 2A to C: Photographs of subjects with (A) straight; (B) angulated; (C) rounded foreheads
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FI, II, and AP position of maxillary CI. Pearson’s correlation was done
to find out the correlation between FI and II. Statistical analysis was
carried out by a statistician not related to the study to avoid any bias.

R e s u lts
On intergroup comparison, mean and standard deviation of FI was
highest in group A (angulated foreheads) (21.30 ± 5.5°) and lowest
in group B (straight foreheads) (7.01 ± 2.04°) (Table 2).
On intergroup comparison for II, it was noted that II was greater
in group A (n = 14.9 ± 3.29°) and least in group B (n = 3.04 ± 1.72°)
when compared among the three groups (Table 2).
Pearson’s correlation test showed a moderate correlation
between FI and II among the three groups (r = 0.649) which was
statistically significant (p < 0.05) (Table 3). Hence, we can infer that
II correlated with FI in the present study subjects.
The AP position of maxillary CI was ahead of the FFA point
in 61.43%, at the FFA point in 12.86%, and posterior to FFA in 25.71%
of the total study population. Mean and standard deviation of the
AP position of maxillary CI for group A was 4.31 ± 2.50 mm, group B
was 1.014 ± 2.04 mm, and in group C was 3.07 ± 2.38 mm (Table 2).
Scatter plot diagram shows a good model fit for the obtained
data with an R2 value of 0.485 (Fig. 3).

The results of the study concluded that there is a statistically
significant correlation between FI and II (p < 0.05) (Table 3). Forehead
inclination was higher in group A and least in group B. The II was
higher in group A and least in group B (Table 2). As per the present
study, an average II of 14.90 ± 3.29° was noted in esthetically
pleasing faces with angulated foreheads whereas II of 3.04 ± 1.72°
and 8.04 ± 4.49° were obtained in esthetically pleasing participants
with straight and rounded foreheads.
Previous studies conducted by various authors assessed the
AP position of maxillary CI and correlated it with FI and had found
a positive correlation.7,8,10,13,17–19 The present study was to correlate
Fi to II in the Dravidian South Indian population in addition to the AP
position of maxillary CI. In the present study, we have also derived

Discussion
Facial photographs are a useful diagnostic tool and are required
in deciding the treatment plan. A previous study concluded that
there is positive correlation between photographic measurements
and cephalometric measurements in skeletal class I subjects.15 Soft
tissue facial analysis using facial profile photographs was done in
another study which concluded that photographs can be used
for quantitative evaluation of the face.16 Forehead inclination may
vary in different ethnicities and populations and it may be used as
a diagnostic aid to predict incisor AP position.14 The present study
was conducted to find out a correlation between FI and II which
might be a diagnostic aid to avoid additional radiographic exposure
especially during finishing stages in orthodontic treatment and
for moderate and type C anchorage cases. Mean FI, mean II, and
AP position of maxillary CI in three forehead types were assessed
in this study.

Fig. 4: Lines are numbered 1–4 in this graph. Line 1: through forehead
facial point, line 2: through glabella, line 3: through facial point of
maxillary central incisors (the most prominent point on the labial side
of maxillary central incisors), line 4: line connecting superion or trichion
to the glabella, line 5: through superion or trichion, line 6: along the
facial-axis (angulation) of incisor, lines 2 and 3 are coincident in this
graph, lines 3 and 4 are colored blue and the other lines are colored
orange, line 6 is colored green
Table 1: Description of landmarks used in the study
Trichion
Superion
Glabella

FFA

Line 1
Line 2
Line 3

Line 4
Figs 3A and B: (A) Profile photograph of an ideal class I male with
reference points and lines; (B) Magnified image showing reference
lines and points
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Line 5
Line 6
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The most superior aspect of the forehead
(flat contour)
The most superior aspect of rounded or
contoured forehead
Most prominent or anterior point on the
mid sagittal plane of the forehead and
the most inferior aspect of the forehead
between two eyebrows
A derived point midway between trichion
and glabella in flat foreheads or the
midpoint between superion and glabella
for rounded foreheads
Parallel line to true vertical line passing
through FFA
Parallel line to true vertical line passing
through glabella
Parallel line to true vertical line passing
through the most prominent point on the
labial side of maxillary central incisors
Parallel line to true vertical line connecting
superion or trichion to the glabella
Parallel line to true vertical line passing
through superion or trichion
Long axis of maxillary central incisors
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Table 2: Descriptive statistics showing mean forehead inclination, incisor inclination, and anteroposterior incisor position from FFA in respective
forehead types
Forehead inclination

Incisor inclination

Incisor position

Type of
forehead

N

Mean

Std. deviation

Mean

Std. deviation

Mean

Std. deviation

Angulated
Straight

50
50

21.3
7.014

5.5
2.04

14.9
3.044

3.29
1.721

4.31
1.01

2.50
2.04

Bossed

50

13.07

3.38

8.04

4.4

3.07

2.38

Table 3: Pearson’s correlation between forehead inclination and incisor
inclination in three different forehead types (p < 0.05)
Forehead groups
Group A
Group B

Correlation coefficient (r)

Sig

0.696

0.000

Group C

a formula for predicting the II from FI using a linear regression
analysis (y = 0.63 + 0.83x). Y depicts inclination of maxillary CI and
x depicts inclination of the forehead (Fig. 5). This formula can only
predict II from the obtained FI, however, its reliability needs to be
assessed with further studies.
In a previous study by Adams et al., four reference lines were
drawn to determine the AP position of maxillary CI.19 In this study,
six reference lines were drawn to determine II in relation to the
forehead (Table 1) (Fig. 4, Figs 3A and B). Trichion or superion and
glabella point vary from one individual to another, hence, in this
study the FFA taken as a midpoint on the line connecting trichion
or superion and glabella was considered to assess FI. Few studies
have reported that the Frankfort horizontal plane differs from
that of true horizontal plane and therefore in this study FI and II
were measured by taking true horizontal and true vertical plane
as reference planes. 20,21 The study also showed that the use of
profile photographs as a noninvasive alternative to mid-treatment
radiographs for assessing II can be considered.
Various authors have evaluated the correlation of FI and AP
position of maxillary CI in different populations.13,14,19,22–24 None
of the previous studies have reported the same in Dravidian
population so in our study we have recruited participants from
this population as there may be racial differences in FI and AP
position of maxillary CI. Majority of the participants in the present
study had maxillary CI positioned anterior to FFA (61.43%) which is
in contrast to the results obtained by a previous study.8 Andrews
in his study reported that 64% of the population had maxillary
CI positioned posterior to FFA and this can be attributed to the
differences in the populations studied and also only adult white
females were included in his study. When treating malocclusions,
the orthodontist should position the maxillary CI anterior to FFA
as a certain amount of incisor protrusion and incisor angulation
is considered more esthetic in the Indian population as obtained
from the results of our study.

L i m i tat i o n s
Limitations of this study include inclusion of both genders as
it might influence the results of the study, due to variations
in frontal bossing. Resizing the photographs to life size can
introduce some errors. The study population may not represent
the entire population as it was done in a single center. Future
studies should be planned considering the shortcomings of
this study.

Fig. 5: Scatter plot diagram showing a significant correlation between
forehead inclination and incisor inclination

C o n c lu s i o n
Participants with angulated foreheads had a higher FI and II. A
statistically significant correlation between maxillary central II
and FI was noted. Most of the study participants had maxillary CI
positioned anterior to FFA.
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