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ABSTRACT

Objective: The purpose of the present study was to determine the facial anatomical landmarks, in order of accuracy, closest to the
midline of the face, as well as oral cavity midline, and to specify which intraoral anatomical landmarks are closer to the dental midline.

Methods: Three commonly used anatomical landmarks including nasion, nose, and philtrum tips were marked clinically in 108 sub-
jects. A frontal full-face digital image was used for midline analysis in accordance with the esthetic frame. Deviations from the facial
and oral midlines were measured for the three clinical landmarks. Dental midline was considered as the fourth landmark. Alginate
impressions were taken, and casts were analyzed under standardized conditions. The labial frenum and incisive papilla were marked.
Cast images were taken and analyzed.

Results: Data showed difference between the mean ratios of the selected anatomical landmarks and the facial and oral midlines
(p=<0/05). The anatomical landmark hierarchies, in proximity to the facial midline, are commissural midlines, nasion, philtrum tip, nose
tip, and dental midline, respectively. The anatomical landmark hierarchies, in proximity to the commissural midline, include dental
midline, philtrum tip, nose tip, and nasion. The labial frenum was less deviated from the dental midline than the incisive papilla.

Conclusion: With respect to shortcomings, the results showed that all of the anatomical landmarks were deviated from the facial and
oral midlines. The order of proximity of the anatomical landmarks to the facial midline was as follows: commissural midline, nasion,
philtrum, and dental midline.

Keywords: Facial midline, dental midline, commissural midline, oral midlines

INTRODUCTION

Symmetry in face is known as one of the fundamental indicators of beauty (1, 2). It is defined as “correspondence
in size, shape, and relative position of parts on opposite sides of a dividing line or median plane or about a center
or axis (3),” but clinically, it means “existence of balance and coordination” (4). One of the components of facial
symmetry is coordination of the dental and facial midlines that is an essential part of prosthetic rehabilitations
and orthodontic treatments (5, 6).

During a smile, symmetrical teeth display plays an important role in creating a beautiful smile (4). However, in a
pleasant smile, almost maxillary teeth are displayed, and coordination of the maxillary central incisors midline
with the facial midline is more important than mandibular incisors. Nevertheless, coordination of the upper and
lower arch dental midlines is necessary to achieve beauty and a proper occlusion, and in addition, it can increase
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the duration and complexity in orthodontic treatment cases (4).
Anatomical landmarks including interpupillary distance, nasi-
on, tip of the nose, philtrum, and center of the chin have been
used to assess facial symmetry. One of the methods of midline
determination is to determine the center of lip commissures
and then drawing a perpendicular line, which is stated to be of
higher accuracy (7). In some cases, such as asymmetric develop-
ment, trauma, and facial neoplastic lesions where landmarks are
changed, other landmarks should be used. In these cases, some
intraoral landmarks, such as incisive papilla, labial frenum, and
median palatal suture, are also suggested by researchers (8). The
incisive papilla had the highest degree of compatibility with the
midline of the face in a previous study (9). Previous studies are
mainly based on the extent of the acceptable range of discrep-
ancy between dental midline with facial midline that is approxi-
mately 2-3 mm, and they did not have a definite reference to the
midline (1, 10, 11). In two separate studies (12, 13) in the same
results, 70% of the dental midline compatibility with the facial
midline has been reported. The major problem of studies in this
areais the shortage of sufficient scientific evidence regarding the
relationship between facial midlines and anatomical landmarks
in the mouth. Therefore, the purpose of the present study was to
investigate the relationship between facial and dental midlines
and anatomical landmarks of the face and mouth.

METHODS

A total of 108 students from a local university participated in the
present study. The study included 54 male and 54 female subjects.
The age of the students was between 20 and 25 years. Inclusion
criteria were the following: (1) no anterior tooth extraction, (2) no
orthodontic treatment, (3) no restorative or prosthetic treatment,
(4) no cosmetic surgery on the jaws or rhinoplasty, (5), no crowd-
ing or spacing in the upper and lower dental arches, and (6), no
obvious asymmetry or defect on the face and dental arch. Using
a marker (Faber Castell Grip 1583 Marker, Germany), three points
were drawn on the nasion, in the middle of the philtrum, and the
tip of the nose with an approximate diameter of half a millimeter.
A digital camera (Canon EOS 1300D, EF 100 mm MACRO Lens, Tai-
wan) with spot flash was set at the 12 o'clock position. The camera
diaphragm was set in automatic mode at 4.5, and the camera was
mounted on a tripod (CT-2491 Carbon Fiber Tripod, USA), switched
into the automatic mode, and then placed at a standard distance
of 1.5 m from the subject. The room light conditions were similar
for each photo. The photos were taken from the subjects in a seat-
ed position while they were wearing a social smile. The position
of the head is adjusted in natural head position (NHP). The lens
height of the camera on the tripod was adjusted the same as the
height of the subject’s eyes when they were sitting straight on the
chair. The subjects were asked to look directly toward the camera,
and the subjects’ heads were positioned vertically and horizontal-
ly in a standard manner (Figure 1).

Care was taken to ensure that the subject does not rotate his
head especially around the vertical axis, since this rotation
around the vertical axis causes the midline to move against the
direction of the axis of rotation. Four pictures were taken from
each subject, and among these, the following photos were set

aside: (1) having head rotation, (2) asymmetric eyes, (3) clinical
marker sign was incorrect or unreadable, and (4) low-quality and
low-resolution photos; the best photos were then selected. The
images were transferred to Photoshop CS6 software for process-

ing.

It is almost impossible for the midline of the face to define in
both dynamic movements and esthetic. A rectangle known as
the esthetic frame was used to define the face midline. This area
is defined as a zone where esthetic items, such as the midline
and the occlusal plane inclination, and smile parameters are
readily recognizable. The upper border runs from the outer con-
tour of one eye and extends toward the outer contour of the
other eye. This line helps in detecting the rotation of the head
around the sagittal axis. External borders were drawn from the
outer corner of the eyes so that they are perpendicular to the
horizontal line and are exactly parallel to each other. The lower
border is drawn parallel to the upper border on the lower rim of
the lower lip. These four lines complete the “esthetic frame." Two
defaults were considered for drawing the esthetic frame. First,
the midline of the esthetic frame was considered equivalent to
the midline of the face. Second, soft tissues outside this area,
such as the cheeks, buccal soft tissue, and frontal tissue, have a
small effect on midline perception. Buccinator muscle hypertro-
phy, weight, and size of the forehead are factors that can influ-
ence midline perception. Dental midline is defined as the vertical
line that runs from the tip of the embrasure between two central
incisors of the maxilla to the relevant contact area, which is the
midline parallel to the midline of the esthetic frame. Oral com-
missure midline is defined as the midline between the corners
of the subject’s lips during smiling. The relative facial midline
(RFV) and the relative commissural midline (RCV) serve as tools
for evaluating the relationship between anatomical landmarks
and defined midlines. Three vertical lines were drawn along each
of the anatomical points that were clinically determined. The
fourth line was drawn along the dental midline of the subjects.
The RFV is defined as an indicator of the proximity of a landmark
to the facial midline. It is measured from the external border
of the frame to the facial midline as shown by the letter F. The
measured distance from the outer boundary of the frame to the
nasion is shown as the n variable. Then, the RFV is obtained by di-
viding n by F. Similarly, the RFVs were obtained for the next land-
marks including nose tip (t), point in the middle of the philtrum

Figure 1. The standard position for imaging
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(p), and dental midline (d) (d/F, p/F, and t/F), and the numbers
were recorded. To investigate the relationship between anatomi-
cal landmarks and commissural midline, a point was determined
at the center of each commissure, and a line was drawn between
these two points. A point in the middle of the intercommissure
line was assumed, and from that point, a line parallel to the mid-
line of the esthetic frame was drawn and considered as the com-
missural midline. The RCV as an indicator of the proximity of an
anatomical landmark to the commissural midline (center of the
mouth) is considered as point C. In fact, the distance from point
C to each of the commissures was considered as a variable. The
measured distances from nasion, philtrum, tip of the nose, and
dental midline to the commissures were considered as variables
(nx), (px), (tx), and (dx), respectively. Then, RCVs were obtained
by dividing these points into C, and data were recorded (nx/C,
tx/C, px/C, and dx/C). The measured distances from the external
border of the esthetic frame to the central point between the
commissures were defined as a variable called Cx.

This is a standard denominator for all the anatomical landmarks
in the esthetic frame, and there is no need to match the image
with the subject’s face (Figure 2, 3).

RFV1 and RCV1: Nasion relationship with the midline of the face
and the commissural midline.

RFV2 and RCV2: Nose tip relationship with the midline of the face
and the commissural midline.

RFV3 and RCV3: Relationship of the tip of the philtrum with the
midline of the face and the commissural midline.

RFV4 and RCV4: Dental midline relationship with the midline of
the face and the commissural midline.

RFV5: Relationship of the commissural and facial midlines.

Therefore, by considering the symmetry in all of the five afore-
mentioned subjects, it can be deduced that the RFVs and the RCVs
are equal to each other and to 1. The right or left border of the
esthetic frame to commissure is selected based on the direction
of anatomical landmarks classification. Therefore, the shorter dis-
tance from the outer border of the esthetic frame is always select-
ed. Hence, the RFV and the RCV are never >1. For each subject,
an alginate impression was taken and immediately poured with

Figure 2. Determining the indices for calculating RFV

e

Figure 3. Determining the indices for calculating RCV and RFV5
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type 3 plaster (premiumplusuk™, UK). When the bases are placed
on a flat horizontal surface, the casts were placed on the smooth
surface of the occlusal edge to standardize the casts in accordance
with an occlusal plane parallel to the horizontal plane. Then, by
a ruler, several points around the casts were marked with a pen-
cil (Mars® Lumograph® black 100B) at a 30 mm height. The points
were connected by one line, and the casts were orthodontically
trimmed according to the line drawn (Figure 4).

Anatomical landmarks including the anterior point of the incisive
papilla (IPa), posterior point of the incisive papilla (IPb), anterior
point of the labial frenum (LFa), and posterior point of the labial
frenum (LFb) were drawn on the casts. The casts were placed on a
flat black slab inside a cardboard box that places the camera at a
height of 200 mm. The digital camera was adjusted in such a way
that the axis of the lens was in the vertical and downward directions
relative to the occlusal plane. Digital data were processed with Pho-
toshop CS6 software. The IPa, IPb, LFa, and LFb points were digitally
connected with one line, and the line extends on both sides. The

Figure 4. The standard situation of cast imaging

contact area of the two central teeth is a line drawn in the same way
that in fact is the dental midline. The distance of each of the two
lines drawn from the labial frenum and incisive papilla to the dental
midline was measured, and the results were recorded.

Ethics committee approval was received for this study from the
Ethics Committee of Ardabil University of Medical Sciences. Writ-
ten informed consent was obtained from the patients who par-
ticipated in this study.

Statistical Analysis

Data were analyzed by one-sample t-test and t-test for the in-
dependent groups using Statistical Package for Social Sciences
version 24.0 (IBM Corp.; Armonk, NY, USA). The level of statistical
significance was considered as 0.05.

RESULTS

All variables in the present study had normal distribution using
kurtosis test. For each variant, the results of one-sample t-test
are shown in Table 1-3. The analysis showed that the difference
between the mean ratio of each anatomical landmark and the
midline of the face was statistically significant p<0.001. There
was a significant difference (Table 4) between the mean ratios of
the dental midline, commissural midline, and philtrum with the
facial midline in males and females p<0.05. Moreover, the results
showed that there is a statistically significant difference (Table 5)
between the mean ratios of the nose tip with the commissural
midlines in males and females p<0.001. The results of indepen-
dent-samples t-test for the male and female groups are shown
in Table 4-6.

DISCUSSION

Since the human face is not primarily symmetrical, there are no
single rules for midline diagnosis, but noncoincident midlines
are readily detectible by the patients (12). Lay people tend to be
less sensitive to midline changes than dentists, but as problems

Table 1. Comparison between mean ratios of RFV 1-5 with criterion number

Variant mean Stand Criterion Dev Number df t p
RFV1 (Nasion) 0/96 0/03 1 107 -14/02 0.001*
RFV2 (Tip of the nose) 0/96 0/03 1 107 -12/99 0.001*
RFV3 (Philtrum) 0/96 0/03 1 107 -14/07 0.001*
RFV4 (Dental midline) 0/95 0/03 1 107 -13/95 0.001*
RFV5 (Midline of commissures) 0/97 0/02 1 107 -12/73 0.001*
*One Sample t- test; p<0/05

Table 2. Comparison between mean ratios of RCV1-4 with criterion number

Variant mean Stan Dev Criterion Number df t P
RCV1 (Nasion) 0/94 0/05 1 107 -13/36 0.001*
RCV2 (Tip of the nose) 0/95 0/05 1 107 -11/72 0.001*
RCV3 (Philtrum) 0/95 0/03 1 107 -16/78 0.001*
RCV4 (Dental Midline ) 0/97 0/03 1 107 -11/51 0.001*
*One Sample t- test; p<0/05
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Table 3. Comparison between mean ratios of IP and FL with criterion number

Variant mean Stan Dev Criterion Number df t p

IP 0/80 0/65 0 107 12/78 0.001*
FL 0/53 0/50 0 107 11/06 0.001*
*One Sample t- test; p<0/05

Table 4. Comparison between mean ratios of facial and intraoral anatomic landmarks with facial midlines in males and females

Variant mean Stan Dev Criterion Number df t p

RFV1 (Nasion) male 54 0/97 0/03 0/81 0.423*
female 54 0/96 0/03

RFV2 (Tip Of The Nose) male 54 0/96 0/03 1/65 0.1*
female 54 0/95 0/04

RFV3 (Philtrum) male 54 0/95 0/03 2/32- 0.02*
female 54 0/97 0/02

RFV4 (Dental Midline ) male 54 0/97 0/03 3/04 0.003*
female 54 0/95 0/04

RFV5 (Midline Of Commissures) male 54 0/97 0/02 1/65 0.101*
female 54 0/96 0/03

Independent-Samples t-test; p<0/05

Table 5. Comparison between mean ratios of facial and intraoral anatomic landmarks with commissural midlines in males and females

Variant mean Stan Dev Criterion Number df t p

RCV1 (Nasion) male 54 0/94 0/04 -0/794 0.429*
female 54 0/94 0/05

RCV2 (Tip of the nose) male 54 0/93 0/05 -0/363 0.001*
female 54 0/96 0/04

RCV3 (Philtrum) male 54 0/95 0/03 -0/067 0.947*
female 54 0/95 0/02

RCV4 (Dental midline) male 54 0/96 0/03 -0/121 0.904*
female 54 0/96 0/04

Independent-Samples t-test; p<0/05

Table 6. Comparison between mean intraoral anatomical landmarks and dental midlines in males and females

Variant mean Stan Dev Criterion Number df t P

IP male 54 0/58 0/54 1/030 0.305*
female 54 0/48 0/45

FL male 54 0/86 0/66 0/971 0.334*
female 54 0/74 0/64

Independent-Samples t-test; p<0/05

aggravate, they tend to be more sensitive than dentists (11, 14).
Moreover, lay people are able to discern the discrepancy of axial
dental midline angulation as low as 3.5°, and this is aggravated
by having chin or nose deviation in the opposite direction and
vice versa (15). However, further investigations are still needed
to determine whether it is more pleasant to have a slight dental
midline deviation in the same direction in subjects bearing chin
and nose deviation; if it is yes, then how much?

Even people from different cultures have different sensitivities to
midline discrepancies (16, 17). The investigation of the relation-

ship between the facial and dental communication lines using
the esthetic frame represents the deviation from the ideal sym-
metry and thus helps to improve the treatment plan (7). Midline
problems are not related to age and sex (11). Facial midlines
were defined by using the esthetic frame named by Bidra (7). The
esthetic frame was designed to analyze the problems caused by
the lack of an attractive smile. In the present study, the NHP was
used and controlled by a trained researcher because it is valid
and reliable, and it is absolutely necessary to avoid turning the
head of the subjects around the vertical axis (18, 19). Neverthe-
less, human error in detecting this rotation should not be com-
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pletely ruled out. The smile’s image was selected while none of
the cases have a highly asymmetrical smile or a smile that does
not show the maxillary central incisors. The study was designed
to be completely clinically applicable. Thus, the markings of each
anatomical landmark were done clinically (and not on a digital
image), and the connecting lines were drawn along these mark-
ings. Despite the high precision, inherent human errors in mark-
ing anatomical landmarks cannot be ignored. Among the clinical
landmarks, it was difficult to mark the nasion soft tissue and na-
sal tip for nasal anatomy reasons. Therefore, caution must be tak-
en when using the results of these landmarks, and more studies
should be conducted. There was a significant difference between
the mean ratios of the selected anatomical landmark and facial
midline in the evaluation of the facial midline and anatomical
landmarks. Commissural midline was considered as an anatom-
ical landmark when analyzing the hierarchical arrangement for
midline that had the first rank in matching with the facial mid-
line. Similar findings have also been found in studies conduct-
ed by Moshkelgosha et al. (20), Bidra et al. (7), and Kurian et al.
(21), which may be due to the use of the concept of the esthetic
frames in aforementioned studies. Nasion has a good position
during the mid-fifth, but its relationship with the midline of the
face and the commissural midline has not been studied much.
However, in the present study, nasion is in the second rank in
order of proximity to the facial midline, but due to the difficul-
ty in clinical marking and its distances from the dental midline,
it may compromise the results, so it cannot be a good clinical
indicator for analyzing each of the midlines. In many previous
studies, the philtrum or vermilion border was used to provide
facial form, and due to its results and its position, it could be a re-
liable landmark for midline analysis (1, 9, 10, 12, 22). In the pres-
ent study, philtrum was ranked third in order of proximity to the
midline. The dental midline was also considered as a landmark
when analyzing the hierarchy order, and its relationship to the
facial midline was evaluated. However, the vertical angle of the
dental midline was not considered in the analysis. Dental mid-
line was ranked last in order of proximity to the facial midline. In
addition, in the present study, there was a significant difference
between the mean of the philtrum and dental midline indices
in males and females, which requires further studies to confirm
the results. The second part of the study examines the proximi-
ty and hierarchy order of anatomical indices to the commissural
midline (center of the mouth). Dental midline at the highest level
and then philtrum, nasal tip, and nasion were closest to the com-
missural midline, respectively. In the present study, philtrum was
ranked second in the hierarchy order, indicating that the phil-
trum is a more reliable indicator for the determination of the oral
midline. In the present study, a significant difference was found
between male and female subjects in relation to the commissu-
ral midline only in the nasal tip index, but in other indices, there
was no significant difference in the need for further studies to
confirm the results.

The third part of the study evaluated the relationship between
the anatomical landmarks of the incisive papilla and labial frenum
with the dental midline and found that there was a significant
difference between the mean deviation of these two anatomical
landmarks and the dental midline. The labial frenum with a mean

deviation of 0.53 mm in comparison with the incisive papilla with
an average deviation of 0.80 mm was closer to the dental midline.
McVay et al. (18) reported that the mean deviation of the labial
frenum from the midline is 0.93 mm, but the labial frenum is less
deviated from the midline than the incisive papilla (18). The av-
erage deviation cannot be compared with other previous studies
that measured measurements manually from the casts owing to
the method used in the present study and the magnification in
the preparation of digital images, and more studies need to be
conducted. According to some researcher’s belief, in determining
the position of the frenum, a very precise dental cast is required (5,
15). In the present study, it was attempted to observe the position
of the frenum and then take the dental impression precisely, and
the cast pouring was carefully done to prevent the frenum from
bubbling or fracturing. During the capturing of digital images, it
was also very important to record the marked lines on the frenum
at the maximum resolution and the smallest magnification. In ad-
dition, inherent human errors cannot be ignored. Despite all of
the above, the results of the present study and other studies were
conducted with regard to the lack of significant superiority of the
incisive papilla, and if it was possible to record the labial frenum
accurately, it could be described as a more appropriate landmark.
However, the labial frenum, which is more often referred to as a
reliable key indicator for determining the position of the maxillary
central incisors, is used.

CONCLUSION
In the present study, the following conclusions were achieved:

«  The hierarchy of the facial anatomical landmarks closest to
the midline of the face was as follows: commissural midline,
nasion, philtrum, and dental midline.

«  With consideration of the commissural midline, the hierar-
chy of the facial anatomical landmarks closest to it was as
follows: dental midline, philtrum, nasal tip, and nasion.

. If an impression record is taken accurately, the labial frenum
could be described as a more appropriate landmark and is
more often referred to as a reliable key indicator for deter-
mining the position of the maxillary central incisors.
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