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Abstract

Background
The objective of this study was to evaluate three-dimensional (3D) morphological changes in the lip
vermilion in adult females after orthodontic treatment for four-premolar extraction in patients with
dentoalveolar protrusion using a structured light-based scanner.

Methods
Forty-two female subjects with protruding lips were recruited as the treatment group; these patients
underwent extraction of the four �rst premolars (PM1) without mini-implants for anchorage control. A
total of twenty female subjects were enrolled in the non-treatment group; these patients did not require
orthodontic treatment. Six facial landmarks (Ls, Ll, R.Cu, L.Cu, R.Ch, L.Ch), three linear measurements
(vermilion height, cupid’s bow width, mouth width), and three area measurements (upper, lower, and total
vermilion area along the 3D surface of the lip vermilion) were measured using 3D facial scans.
Superimposed color maps and spectra were constructed for visual analysis of morphological changes in
the lip vermilion for qualitative evaluation. The spacial deviations of the three volumetric measurements
(upper, lower, and total vermilion) were constructed for quantitative analysis.

Results
Vermilion height and cupid’s bow width decreased signi�cantly and no signi�cant change in mouth width
was observed after extraction. The lower vermilion and total vermilion surface areas decreased
signi�cantly after orthodontic treatment in the extraction group, but the upper vermilion remained
unchanged. Signi�cant retractions were observed in vermilion volumetric measurements in the extraction
group.

Conclusions
This study established a method to objectively and quantitatively compare the lip vermilion. Extraction of
the four �rst premolars in adult females produced signi�cant retraction in the lip vermilion. Morphological
variation in the vermilion was different between the upper vermilion and the lower vermilion.

Background
Facial esthetics are important in social environments; thus, orthodontic treatment now places more
emphasis on facial soft tissues, particularly the lips [1]. Malocclusion and procumbency of the lips are
common chief complaints in the Asian population. Orthodontic extraction treatment is an effective way
to relieve lip protrusion [2–5] because it can achieve better sagittal and frontal facial pro�les.
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In the past, a reduction in lip protrusion following extraction of the premolars in patients with
dentoalveolar protrusion was evaluated using two-dimensional (2D) imaging. Iared et al. reported that
maxillary and mandibular lip distances were retracted 1.3 ± 1.8 mm and 1.2 ± 1.4 mm, respectively, after
extraction [5]. The information provided by 2D imaging was limited in describing the border of the lip
vermilion and lip vermilion changes were not con�ned in the projected plane. Therefore, morphological
changes in the lip vermilion should be studied using three-dimensional (3D) techniques. 3D facial
imaging devices such as stereophotogrammetry, laser scanning, and structured light scanning, have
facilitated faster, noninvasive, and accurate measurements [6]. 3D measurements of the lips, including
linear, area, and volumetric measurements, can be easily obtained and assessed using emerging 3D
analysis software [6].

In facial soft tissues, the lip vermilion is a prominent feature for its obvious soft-tissue contours
compared with facial skin [7]. Several studies explored the general 3D facial structures of Asian adult
female patients and highlighted signi�cant morphological in�uences in lip vermilion in patients who were
considered more attractive than those who were considered average [7, 8]. Several studies have
demonstrated signi�cant differences in lip vermilion curvature and shape during orthodontic treatment
using 3D facial scanning [9, 10]. However, the speci�c relationship between lip vermilion morphological
changes in orthodontic extraction has not been fully explained, which makes the prediction of post-
treatment vermilion morphology di�cult. Thus, it is important to gain a better understanding of
morphological changes in the lip vermilion when assessing the need for orthodontic extraction. The
objective of the present study was to evaluate 3D morphological changes in the lip vermilion in adult
females undergoing four-premolar extraction using a structured light-based scanner.

Methods

Subjects
Forty-two consecutive female subjects were recruited as the treatment group during their initial visit to the
Department of Orthodontics, Peking University, School and Hospital of Stomatology, Beijing, China. The
treatment group were aged between 22.1 and 28.9 years (mean = 25.2 ± 1.9 years). In the treatment group,
all patients requiring extraction of four �rst premolars (PM1) without mini-implants were treated using the
same �xed appliances (0.022 × 0.028-inch bracket slot, Roth prescription; Xinya, Hangzhou, China) for at
least 12 months. Twenty female subjects as the non-treatment group were enrolled among
undergraduate students from Peking University, School and Hospital of Stomatology, Beijing, China. The
non-treatment group were aged between 22.1 and 28.8 years (mean = 25.5 ± 2.1 years). All subjects had
mild crowding or spacing (< 4 mm), and the skeletal patterns were Class I or Class II (A point, nasion, B
point [ANB] values > 1°). Other inclusion criteria were as follows: body mass index in the range of 18 to
24 kg/m2, absence of posterior crossbite, no obvious facial asymmetry, no previous facial esthetic
surgeries, no scars around the face, and overall good health.
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3D facial scans (Fig. 1) were available for each subject and acquired using a structured light-scanning
system (accuracy: ±0.05 mm; 3D CaMega; Boweihengxin Technology Inc., Beijing, China). Subjects were
asked to relax their lips and peri-oral muscles in a natural head position during facial scans. All subjects
had T1 and T2 facial scans. In the treatment group, T1 was the pre-treatment time point and T2 was the
post-treatment time point. In the non-treatment group, the duration between T1 and T2 was at least 12
months.

Reconstruction and analysis of morphological changes in
the lip vermilion

Coordinate system construction
The coordinate system (Figs. 2A and 2B) was constructed using the method described by Alqattan et al.
[11] using the software Geomagic Qualify 12 (3D Systems, Rock Hill, South Carolina). The point located
halfway between the inner canthi of the eyes was taken as the origin of the coordinate system, at which
three planes coincided. The sagittal plane (YZ) was determined as the symmetry plane of the original
mirror face structure. The transverse plane (XZ) was constructed using the cylinder that �tted all data
points of the original mirror face structure. The coronal plane (XY) was perpendicular to the sagittal and
transverse planes.

Superimposition and visual analysis of morphological
changes in the lip vermilion
The two selected digital facial scans (T1 and T2) in the coordinate system were superimposed according
to the “best-�t alignment” algorithm [12]; thus, a superimposed 3D image with a uni�ed system was
obtained for each subject (Fig. 2C). Superimposed color maps and spectrums were constructed for visual
analysis (Figs. 2D and 2E).

Quantitative analysis for landmark identi�cation, linear, and
area measurements
Table 1 provides abbreviations and de�nitions of each lip vermilion measurement. Six facial landmarks
(Fig. 3A and Table 1) were marked on the 3D image, including two landmarks in the middle line (Ls, Ll)
and two bilateral landmarks (R.Cu, L.Cu, R.Ch, L.Ch). Three straight-line distances (Fig. 3A and Table 1) as
the linear measurements (vermilion height, cupid’s bow width, mouth width) were measured from 3D
images. The 3D surfaces were marginated manually according to their vermilion anatomical
morphologies and 3D surfaces (Figs. 3B–3D and Table 1) and area measurements (upper, lower, and
total vermilion area along the 3D surface) were measured from 3D images.

Set-up of the measuring planes and quantitative analysis of
volumetric measurements
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The measuring plane was de�ned (Figs. 4A and 4B) for quantitative analysis of volumetric
measurements. In the uni�ed coordinate system of the superimposed 3D image, the measuring plane
(Figs. 4C and 4D) was perpendicular to the YZ sagittal plane, which passed through the bilateral inner
canthi point. The 3D surfaces were marginated manually according to vermilion anatomical morphology
(Fig. 5A–5C), erasing the other non-vermilion part [13], and projected to the measuring planes, enabling
three volumetric measurements (upper, lower, and total vermilion volumes projected to measuring planes)
to be measured (Figs. 5D–5F). The space deviations as volumetric changes (T2 measurement − T1
measurement = space deviation) in the upper, lower, and total vermilion were constructed and used for
quantitative analysis.

Table 1
De�nition of lip vermilion measurements

Variable De�nition

Landmarks in the
midline

 

Ls Labiale superius

Ll Most prominent point of the vermilion border of cupid’s bow of the lower
lip

Bilateral landmarks  

R.Cu (right cupid’s bow) Most prominent point of the vermilion border of right cupid’s bow of the
upper lip

L.Cu (left cupid’s bow) Most prominent point of the vermilion border of left cupid’s bow of the
upper lip

R.Ch (right cheilion) Most lateral extent of the outline of the lip on the right side

L.Ch (left cheilion) Most lateral extent of the outline of the lip on the left side

Linear measurements
(mm)

 

Vermilion height The straight-line distance between Ll and Ls

Cupid’s bow width The straight-line distance between R.Cu and L.Cu

Mouth width The straight-line distance between R.Ch and L.Ch

Area measurements
(mm2)

 

Upper vermilion area Area of the upper vermilion along the surface

Lower vermilion area Area of the lower vermilion along the surface

Total vermilion area Area of the upper and lower vermilion along the surface

Statistical analysis
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Data were analyzed using SPSS software (version 23.0; IBM Corp., Armonk, NY, USA). All measurements
were repeated by the same operator. The degree of intra-observer error was assessed by comparing the x,
y, and z components of each landmark (two midline and four lateral) with measurements on 20 subjects
chosen randomly in over a two-week interval. The threshold for acceptable intra-observer error for each
landmark was 0.90 with the calculation of intraclass correlation coe�cient (ICC). The normality of the
data from 3D facial scans was con�rmed using the Shapiro–Wilk test. A t-test was performed to evaluate
changes during orthodontic treatment. A p value of < 0.05 was considered statistically signi�cant.

Results
In the treatment group, the quantitative analysis of changes in landmark identi�cation pre-treatment and
post-treatment is showed in Table 2 (available in the Supplemental Files section). There were no
signi�cant changes (p > 0.05) in any of the assessments in the vertical dimension among all landmarks.
There were signi�cant changes in the sagittal dimension of points Ll (p < 0.01), R.Ch (p < 0.05), and L.Ch
(p < 0.01). There were signi�cant changes in the horizontal dimension of point R.Cu (p < 0.01) and L.Cu (p 
< 0.05). Intra-observer reliability was estimated using the ICC for each landmark in three dimensions. In
sum, the ICC values indicated excellent reliability (> 0.90 for all calculations).

The quantitative analysis of changes in linear and area measurements pre-treatment versus post-
treatment in the treatment group is shown in Table 3. Table 4 shows the comparison between the
treatment group and the non-treatment group. For linear measurements, cupid’s bow width and vermilion
height decreased signi�cantly during orthodontic treatment (p < 0.01 and p < 0.05, respectively) and mean
differences of each from T1 to T2 were signi�cantly different when comparing with the non-treatment
group (p = 0.01 and p < 0.05, respectively). No signi�cant change was observed in mouth width. There
were no signi�cant differences in the area measurements of the upper vermilion, while lower vermilion
area and total vermilion area were signi�cantly decreased after orthodontic treatment (p < 0.01 and p < 
0.05, respectively) and mean differences of each were signi�cantly different between the treatment and
the non-treatment groups (p < 0.05 and p < 0.05, respectively).
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Table 3
Comparison of changes in linear and area measurements pre- and post-treatment in the treatment group

Variable Pretreatment Posttreatment p-value

Linear measurements (mm)      

Cupid’s bow width 16.693 ± 2.054 15.756 ± 1.888 0.008**

Mouth width 50.506 ± 4.144 50.829 ± 3.987 0.488(NS)

Vermilion height 21.887 ± 2.941 20.806 ± 2.360 0.027*

Area measurements (mm2)      

Upper vermilion area 683.633 ± 156.501 677.384 ± 128.561 0.752(NS)

Lower vermilion area 638.434 ± 125.582 587.430 ± 138.479 0.003**

Total vermilion area 1200.085 ± 196.620 1130.273 ± 243.082 0.031*

Values are presented as mean ± standard deviation. A paired t-test was used to compare pre- and
post-orthodontic extraction in each group. NS, non-signi�cant; *p < 0.05, **p < 0.01.

Table 4
Mean differences from T1 to T2 in linear and area measurements between treatment and non-treatment

groups
Variable Treatment group Non-treatment group p-value

Linear measurements (mm)      

Cupid’s bow width − 0.937 ± 2.168 − 0.010 ± 0.365 0.010*

Mouth width 0.323 ± 2.996 0.009 ± 0.587 0.516(NS)

Vermilion height − 1.081 ± 3.056 0.103 ± 0.319 0.017*

Area measurements (mm2)      

Upper vermilion area − 6.250 ± 127.373 33.995 ± 81.612 0.139(NS)

Lower vermilion area − 51.005 ± 104.876 8.669 ± 87.210 0.023*

Total vermilion area − 69.811 ± 202.978 52.115 ± 156.475 0.012*

Values are presented as mean ± standard deviation. An independent t-test was used to compare the
treatment and non-treatment groups. NS, non-signi�cant; *p < 0.05, **p < 0.01.

As shown in Fig. 6, superimposed color maps and spectrums were constructed for visual analysis of
morphological changes in the lip vermilion during orthodontic therapy in the treatment group (Figs. 6A–
6H) and the observing duration in the non-treatment group (Figs. 6I–6P). Table 5 shows the comparison
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of volumetric changes between the treatment and non-treatment groups in the upper, lower, and total
vermilion. There were signi�cant differences in the three volumetric measurements (p < 0.05, p < 0.01, and
p < 0.01, respectively).

Table 5
Volumetric changes between the treatment and non-treatment groups

Variable Treatment group Non-treatment group p-value

Upper vermilion volume − 1625.808 ± 2607.153 280.513 ± 2667.685 0.012*

Lower vermilion volume − 1893.223 ± 2196.202 495.162 ± 2568.108 0.001**

Total vermilion volume − 2933.143 ± 5478.742 1158.992 ± 4654.831 0.004**

Values are presented as mean ± standard deviation (mm3). An independent t-test was used to
compare the treatment and non-treatment groups. NS, non-signi�cant; *p < 0.05, **p < 0.01.

Discussion
At present, most research methods used to measure the soft tissue morphology of the lips are based on
2D �lms and measurement indicators are not su�ciently comprehensive. Research into 3D
measurements is scarce; most existing research into 3D measurements of 2D indicators does not fully
re�ect the morphological characteristics of the soft tissue of the lips and the changes that occur during
orthodontic treatment. This is because facial soft tissue is an irregular curved surface. In many cases,
soft tissue samples must re�ect 3D features such as curved surfaces to enable a more accurate measure
of morphology. In this study, 3D facial scanning technology was used to establish an appropriate
measurement method, especially to measure changes in area and volume in the lip vermilion. The data
collected using a 3D facial scanner was analyzed using Geomagic Qualify software; it was easy to
quantify and describe morphological changes in the lip vermilion by establishing a coordinate system.

Adult female subjects who did not receive orthodontic treatment were enrolled in this study as the non-
treatment group. In the present study, changes in cupid’s bow width and vermilion height in the treatment
group (p < 0.01, p < 0.05, respectively) were consistent with those comparisons with the non-treatment
group (p < 0.05, p < 0.05, respectively). Changes in lower and total vermilion area in the treatment group (p 
< 0.01, p < 0.05, respectively) were also statistically consistent with the non-treatment group (p < 0.05, p < 
0.05, respectively). Masticatory muscle tension and physiological condition of lips were usually different
at different times and might be possible in�uencing factors contributing to the accidental error of
measurement and the variation in vermilion changes [10]. Those results in this study suggested that the
changes of those measurements in the treatment group mainly due to the in�uence of extraction
treatment, rather than being affected by the differences in time point for measurement.

In the present study, the statistical results of the linear and area measurements were considered in
combination with the results of landmark identi�cation. It was a preliminary study to the pattern of lip
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vermilion morphological change under extraction treatment. There was no signi�cant change in mouth
width, which may be related to the observation that R.Ch and L.Ch showed no signi�cant changes in their
horizontal dimension. The upper vermilion area was also not signi�cantly difference, which may be
associated with the fact that R.Cu, L.Cu, and Ls did not show signi�cant changes in their sagittal
dimension. Besides, changes in mouth width and upper vermilion area in the treatment group (p = 0.488,
p = 752, respectively) were statistically consistent with those comparisons with the non-treatment group
(p = 0.516, p = 0.139, respectively). Therefore, the accidental error of measurement could be considered to
be negligible and mouth width and upper vermilion area appeared to be stable after the extraction
treatment. A signi�cant decrease in cupid’s bow width may be related to the signi�cant changes in R.Cu
and L.Cu in the horizontal dimension. The lower vermilion area was signi�cantly reduced, which may be
associated with signi�cant changes in R.Ch, L.Ch, and Ll in the sagittal dimension. The signi�cant
decrease in vermilion height may be related to signi�cant changes in Ll in the vertical dimension.
Trisnawaty et al. reported that vermilion height decreased by 0.39 mm as the linear measurement of St–
Me when the four �rst premolars were extracted [14]. However, Maltagliati et al. reported that lower lip
height increased (4.61 ± 3.61 mm) signi�cantly and the vertical dimension of the upper lip was not
modi�ed in the treated group with extraction [15], which indicates that vermilion height was increased in
their study. The controversy presented by those articles requires further investigation.

A qualitative impression was obtained using the superimposed color maps and spectra. As presented in
Fig. 6, the vermilion area in the treatment group retracted backwards after orthodontic treatment and
differed from the superimposed results observed in the non-treatment group. A statistically signi�cant
degree of retraction occurred in the vermilion (p < 0.01) after orthodontic extraction in the present study,
which can be used as quantitative evidence to support the qualitative results of the superimposed color
maps and spectra. Both the upper (p < 0.05) and lower (p < 0.01) vermilion were retracted in the treatment
group. These results are in accordance with the clinical observations of historical studies [4, 16]. Lee et al.
reported that extraction of the four premolars led to signi�cantly greater retraction of the upper/lower lip
from Ricketts’ E plane [17]. Liu et al. reported a signi�cantly smaller lip vermilion after extraction,
indicating that the lip vermilion was more slender when the vermilion height–width ratio was decreased
[10]. Nevertheless, contradicting conclusions drawn by Freitas et al. [18] and Basciftci et al. [19] reported
that extraction of �rst premolars did not imply a greater degree of retraction in lip soft tissue. A more
harmonious vermilion was considered attractive and had positive effects on lip esthetics [5], but the
relationship between lip morphology and facial esthetics is complex. Ethnicity, skin color, age, and pro�le
characteristics might all affect the quality of treatment [20]. According to Kocadereli et al., for the sake of
retraction in the upper and lower lips, extraction caused a harmful effect on facial esthetics, �attening the
facial pro�le [21]. However, in cases of nose or chin protrusion, compensatory lip protrusion improves the
pro�le attractiveness [22]. Compared with the area and volume measurement of upper vermilion
retraction (− 6.250 mm2 and − 1625.808 mm3, respectively) after extraction, the lower vermilion (− 
51.005mm2 and − 1893.223mm3, respectively) had a greater degree of retraction, suggesting that the
lower vermilion plays a major role in retraction. These results are consistent with historical articles that
studied the responding patterns of soft tissue. A recent systematic review reported that the average lip
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retraction after extraction of the 4 premolars was 1.4 mm for the upper vermilion and 2.0 mm for the
lower vermilion [23]. The difference between the upper and lower vermilions may vary considerably with
incisor variables [24], the distance of the mandibular lip to the esthetic line [5], and other factors.

One limitation of the present study was the small sample size and there was a remarkable variation of lip
morphology between different populations [20]. Large values of standard deviations among people can
be an evidence and the standard deviations of upper, lower and total vermilion, as the area measurement,
were larger than 80 mm2 of all calculations in this study. Previous 3D studies found that vermilion height
of Asian adult females was in the range of 16.0 mm to 19.0 mm [10, 25, 26] and the results in the present
study were larger both in pre- and post-treatment (21.887 mm, 20.806 mm, respectively) in the treatment
group. Although samples were enrolled in an effort to eliminate bias, heterogenous intervention could not
be avoided, which is a common problem in clinical research.

Thus, this study was a preliminary exploration and the results should not be generalized to clinical
orthodontic treatment as a whole (e.g., in the context of different malocclusions or different treatment
methods). A larger sample size would be needed in further studies to clarify the �ndings. Possible
in�uencing factors that could contribute to changes in the vermilion (e.g., facial soft tissue conditions
and skeletal patterns) also require further investigation or veri�cation.

Conclusions
The present study established a method to quantify and qualify possible changes in the lip vermilion
during orthodontic extraction in female adult patients. Cupid’s bow width, vermilion height and lower
vermilion area appeared to decrease and mouth width and upper vermilion area appeared to be stable
after the extraction treatment. Signi�cant retraction of lip vermilion was observed and the lower vermilion
area showed a greater degree of retraction compared with the upper vermilion. Further studies with a
larger sample size and a multitude of parameters would help to verify the results of the present study.

Abbreviations
3D: three-dimensional; PM1: �rst premolar; Ls: Labiale superius; Ll: Point of lower lip; R.Cu: Right cupid’s
bow; L.Cu: Left cupid’s bow; R.Ch: Right cheilion; L.Ch: Left cheilion ICC: intraclass correlation coe�cient;
NS: non-signi�cant;
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Figure 1

Three-dimensional (3D) facial scans device.

Figure 2

Construction of the coordinate system (A, B). Superimposition of the two models before (grey) and after
(blue) orthodontic treatment with a uni�ed coordinate system (C). Spectrum and color map (blue: inward
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displacement; green: no change; red: outward displacement) showing the three-dimensional
superimposition for the two models (D).

Figure 3

Six facial landmarks (Ls, Ll, R.Cu, L.Cu, R.Ch, L.Ch) (A) and three straight-line distances (vermilion height,
cupid’s bow width, mouth width). Total vermilion area along the three-dimensional (3D) surface (B). Upper
vermilion area along the 3D surface (C). Lower vermilion area along the 3D surface (D).
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Figure 4

Illustration of the measuring plane (A, B). Illustration of the measuring plane perpendicular to the YZ
sagittal plane and passing through the bilateral inner canthi point (C, D).

Figure 5

Illustration of the upper, lower, and total vermilion (blue) marginated manually (A–C). Illustration of the
upper, lower, and total vermilion volumes projected to the measuring planes (red) for quantitative analysis
(D–F).
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Figure 6

Superimposed color maps and spectra showing individual variability in facial soft tissues among eight
subjects in the treatment group (A–H) and lip vermilions (a–h). Superimposed color maps and spectra
showing individual variability in facial soft tissue among eight subjects in the non-treatment group (I–P)
and lip vermilions (i–p). Blue: inward displacement; green: no change; red: outward displacement.
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