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Abstract
Background: This study aimed to investigate changes in the facial soft and hard tissues changes among
the average-angle skeletal class  Chinese adult females receiving extraction orthodontic treatment, as
well as the correlations between them.

Methods:

The 3dMD® stereo photography technology was used to explore facial soft tissue changes, and
lateral cephalograms and cone beam computed tomography (CBCT) to explore hard tissue changes. A
total of 23 adult females were recruited, among which 11 patients were with teeth extraction, 12 patients
without teeth extraction treatment.

Results:

Among the 3D distance measurements, decreased soft tissue changes of 1/3 Face height,
Stomatological height, Chin height and Lip width were observed (p<0.005), in which Lip width was found
to have a moderate correlation with the decreased hard tissue change of upper inter-�rst molar width (d5)
(ra=0.619, p<0.005). Among the 3D angle measurements, decreased soft tissue changes of Chin-lips
angle and Lip angle, were found, in which Lip angle was found to have a moderate correlation with the
decreased hard tissue changes of ∠U1-SN (ra=0.659, p<0.005). While the Soft tissue angle and
Nasolabial angle increased post-orthodontics (p<0.005). In addition, moderate negative correlations
between Nasolabial angle and hard tissue changes of ∠U1-SN and d1 were found (ra=-0.668; -0.763,
p<0.005).

Conclusion:

Extraction orthodontic treatment showed a good control for facial protrusion cases, making the patients
pro�le more attractive and harmonious. Changes in position and inclination of anterior teeth were also
related to changes of facial soft tissues. There is no signi�cant collapse in buccal and temporal region of
patients with teeth extraction treatment compared with those without teeth extraction.

Background
With the advancement of living life, the adult popular begin to pay more and more attention to their dental
alignment and appearance, and thus seeking for orthodontic treatment. However, in recent years, the
concept of "bracketed face" has emerged and troubled the adult popular, which refers to a characteristic
facial soft tissue change during the orthodontic process, mainly featured as: prominent cheekbones,
depressed temples and cheeks, resulting an old and haggard face. There are few studies on the
relationship between the appearance of "bracketed face" and orthodontic treatment up to now. The
possible reasons may be that the Caucasian [1] has prominent facial features, high cheekbones, and thin
cheeks. Therefore, doctors and patients in western countries do not pay much attention to facial thinning.
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But for the Asians, their faces are relatively �at[2]. And in their view, women with too high cheekbones are
not so pretty. Adult female patients often complain about their prominent cheekbones, depressed temples
and cheeks post-orthodontics. Therefore, it is particularly meaningful for us to study the impact of
orthodontic treatment on the facial changes among adult female patients.

The previous study methods of facial soft tissue mainly rely on two-dimensional (2D) images, e.g. digital
photos and X-ray �lms, but their accuracy and repeatability of the images were affected by many factors,
such as patient head position, camera angle, distance, and the level of the photographer[3]. Although 2D
images provides data with linear, angular measurements through lateral cephalograms and panorama,
the placement of soft tissue landmarks might not be represented the “truth” in 2D images, because the
distortion caused by overlapping of bilateral structures is often present during the measurements.
Besides, 2D imaging is despised for its inability to volume measurements and accurately capture the
surface realistic colour and texture data onto the geometric shape, thus it fails to offer more options for
analyses[4]. Therefore, novel methodology with more accuracy and three-dimensional measurement is
evolved.

In recent years, the 3D photogrammetry technology has gradually entered the medical �eld, among which
the 3dMD® facial 3D imaging system is more commonly used. The line spacing, angle and volume data
can be obtained though using 3dMD® facial 3D imaging system. Zhu et al.[4] proved that there was no
statistically signi�cant difference between the soft tissue measurement data obtained by 3dMD® and the
direct measurement method of the human body, proving that the accuracy and precision of 3dMD® are
great, and it can be applied in clinical practice. In addition, the combined utilization of 3dMD® and cone
beam computed tomography (CBCT) is gaining importance in evaluating the effects of orthodontic
treatment, so that the skeletal, dental and facial soft tissue changes can be observed and explained
together, or even the relationship between them be associated[5, 6, 7].

In this study, we take advantages of combination use of 3dMD® with CBCT to evaluate the effects of
orthodontic extraction on the facial soft and hard tissue changes among skeletal class Chinese adult
female patients. The patients were divided into two groups according to their treatment need, with teeth
extraction or without. This study aims to provide more knowledge and evidence on facial soft and hard
tissues changes for adult women with orthodontic treatment.

Methods

Patients
This study was approved by the Research Ethics Board of Hospital of Stomatology, Sun Yat-sen
University (KQEC-2020-04). All patients gave informed consent prior to participation. Patients were
recruited from consecutive adult patients visiting the Department of Orthodontics, Hospital of
Stomatology, Sun Yat-sen University, Guangzhou, China. A total of 23 females aged 18–27 years were
included. The mean age of the patients were 23.3 years old. Among the 23 patients, 11 received
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orthodontic treatment with extraction of four �rst or second premolars for mean treatment period of
26.9±7.4 months, while the others received orthodontic treatment without tooth extraction for 19.6±5.6
months(Appendix Table 1).

Inclusion criteria were: (1) Chinese; (2) Adult females; (3) Aged 18–36 years; (4) Average-angle, 27.3°

Patients would be included in the extraction group if the required spacing was greater than 4 mm, and the
crowding could not be obtained by dental arch expansion or interproximal enamel reduction (IPR). The
main characteristics of extraction group were: (1) moderate crowding (>4mm); (2) protrusion of upper
and lower lips: The nasolabial angle (normal 95.0 ± 5.0°) is too small and/or the mandibular central
incisor protrusion (normal 92.6 ± 7.0°) is too large; (3) deep curve of Spee (>2mm). Otherwise, the non-
extraction treatment was adopted.

All procedures followed the guidelines of the Declaration of Helsinki (2013) and given approval by the
ethics committee of Hospital of Stomatology, Sun Yat-sen University (approval number IRBKQEC-2020-
04). Written informed consent was obtained from all the patients.

Orthodontic process
All patients were treated the same deputy chief physician, using the American Ormco Damon Q self-
ligating labial brackets system (0.022×0.028-inch bracket slot) and Straight-Wire Technique. The main
treatment process was as following. Stage 1: The nickel-titanium(NiTi) archwire was changed from thin
to thick, from round to square, aligning and leveling the dentition. Stage 2: For extraction patients, the
extraction spaces were closed by sliding method with the stainless steel(SS) archwire. Stage 3: Fine
adjustment to establish a normal overbite and overjet of the anterior teeth, and obtain a class I
relationship in term of molars and canines. For all tooth extraction cases, different anchorage
requirements were selected according to the patient’s diagnosis and protrusion without any internal or
external anchorage devices.

3D Facial soft-tissue imaging
The 3dMD® facial three-dimensional imaging system was used to capture 3D facial soft-tissue before
treatment and after treatment (Appendix Fig. 1). Patients were asked to sit on a height-adjustable and
rotatable backrest chair with a distance of 100-110cm from the camera, relax all over the body, look
straight ahead with his eyes, gently close lips, maintain a natural facial expression and occlusal cusp-
fossa contact relationships after swallowing. The instrument automatically focused and captured a 180°
facial image between the ears when shooting. Data was analyzed by 3dMD vultus analysis software[2,
8].

Facial soft tissue landmarks and measurement items
Facial 3D soft tissue features were measured before and after orthodontic treatment. There were 18 soft
tissue landmarks in this study, and the landmarks refers to previous literatures[2, 9, 10, 11](Appendix
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Table 2) (Appendix Fig. 2). Measurement items of 14 line distances, 8 angles, and 6 volumes were
measured according to the marker points (Table 1) (Fig. 1).
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Table 1
Measurement of 14 line distances, 8 angles, and 6 volumes

Measurement De�nition

Line
distances(mm)

 

1/3 Face height
(Sn-Me’)

Distance between Subnasale - Menton

Right back face
height (Tra_R-
Go’_R)

Distance between Tragion right - Gonion right

Left back face
height (Tra_L-
Go’_L)

Distance between Tragion left - Gonion left

Lip height (Ls-
Li)

Distance between Labiale superius - Labiale inferius

Stomatological
height (Sto-Me’)

Distance between Stomion - Menton

Chin high (Sl-
Me’)

Distance between Sublabiale - Menton

Right face deep
(Sn-Tra_R)

Distance between Subnasale - Tragion right

Left face deep
(Sn-Tra_L)

Distance between Subnasale - Tragion left

Right mandible
length (Go’-
Me’_R)

Distance between Gonion right - Menton

Left mandible
length (Go’-
Me’_L)

Distance between Gonion left - Menton

Face width
(Tra_R-Tra_L)

Distance between Tragion right - Tragion left

Mandible width
(Go’_R-Go’_L)

Distance between Gonion right - Gonion left

Cheek width
(Ck_R-Ck_L)

Distance between Cheek right - Cheek left

Lip width (Ch_R-
Ch_L)

Distance between Cheilion right - Cheilion left

Angle
measurement(°)
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Measurement De�nition

Line
distances(mm)

 

Soft tissue
angle (N’-Sn-
Pg’)

Angle of Nasion-Subnasale-Pogonion

Soft tissue ANB
angle (Sn-N’-Sl)

Angle of Subnasale-Nasion-Sublabiale

Nasolabial
angle (Prn-Sn-
Ls)

Angle of Pronasale-Subnasale-Labiale superius

Chin-lips angle
(Li-Sl-Pg’)

Angle of Labiale inferius-Sublabiale-Pogonion

Mandibular
angle (Go’_R-
Pg’-Go’_L)

Angle of Gonion right-Pogonion-Gonion left

Lip angle (Ls-
Sto-Li)

Angle of Labiale superius-Stomion-Labiale inferius

Right
mandibular
angle (Tra_R-
Go_R-Me’)

Angle of Tragion right-Gonion right-Menton

Left mandibular
angle (Tra_L-
Go_L-Me’)

Angle of Tragion left-Gonion left-Menton

Volume
measurement

 

Nose (V-nose) The upper boundary is the root point of the nose, the lower boundary is the base
of the nose, and the two sides are the line connecting the inner canthus and the
alar point

Lips (V-lip) The upper boundary is the base of the nose, the two sides are the labial groove,
and the lower boundary is the chin-labial groove and the chin

Chin (V-chin) The upper boundary is the chin-labial groove, the two sides are the vertical lines of
the corners of the mouth, and the lower boundary is the lower edge of the
mandible

Cheek (V-chk) The anterior border is the lip and chin, the posterior border is the anterior border of
the masseter muscle, the upper border is parallel to the horizontal plane of mouth
corner, and the lower border is the lower border of the mandible

Zygomatic (V-
zy)

The upper border is the upper border of the zygomatic arch, the lower border is the
lower border of the zygomatic bone, the anterior border is the root of the maxillary
zygomatic process, and the posterior border is the hairline of the rear end of the
zygomatic arch
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Measurement De�nition

Line
distances(mm)

 

Temporal (V-
tem)

The posterior border is the hairline, the inferior border is the superior border of the
zygomatic arch, and the anterior superior border is the superior temporal line

A: V-nose B: V-lip C: V-chin D: V-chk E: V-zy F: V-tem

Maxillofacial hard-tissue imaging (Radiographic scan)
The CBCT System(DCTPro, Vatech, Korea) and Dolphin Imaging Software (Dolphin Imaging &
Management Solutions, Chatsworth, USA) were used in this study to capture maxillofacial hard-tissue for
each individual. The shooting parameters were set at 90kVp, 6.2mA, exposure time of 15s and a �eld of
view of 16cm×7cm in the same head positions: following the manufacture’s recommendations, the
clinician centered the patients’ head in the focal trough with the Frankfort plane parallel to the �oor and
the mid-sagittal plane perpendicular to the �oor[12].

Lateral cephalograms and CBCT measurements
Cephalometric lateral radiographs and CBCT images were analyzed by Dolphin Imaging Software.
Measurement items∠U1-SN, d1, d2, d3 were designed for cephalometric analysis (Table 2) (Fig. 2). Six
hard tissue indexes for CBCT images of d4, d5, d6, d7, d8 and d9 were measured referring to previous
literatures [13,14,15](Table 2 and Fig. 2).

Table 2
Hard tissue measurements

Measurements De�nition

∠U1-SN Angle between anterior skull base plane SN and maxillary central incisor U1

d1 Crown position, which is UI-UI' distance

d2 Apical position, which is A-A' distance

d3 First molar position, which is M6-M6' distance

d4 Upper intercuspid canine width, which is U3-U3' distance

d5 Upper inter-�rst molar width, which is UMB6-UMB6' distance

d6 Maxillary central incisor U1 vertical position, which is U1VP-U1VP' distance

d7 Mandibular central incisor L1 vertical position, which is L1VP-L1VP' distance

d8 Maxillary �rst molar U6 vertical position, which is U6VP-U6VP' distance

d9 Mandibular �rst molar L6 vertical position, which is L6VP-L6VP' distance
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Statistical Methods
All the items were measured twice with an interval of two weeks, and the average measurements was
taken. If the variables were normally distributed and the variances uniform, an independent samples t-test
was used. If not, the two-sided Spearman correlation analysis was used. The level of signi�cance was set
at 0.05. All data were analysed by using SPSS 20.0 software (IBM, USA).

Results

Comparison of facial soft tissue changes in 3D line
distance
The changes in distance of 1/3 Face height (Sn-Me’), Chin high (Sl-Me’) and Lip width (Ch_R-Ch_L) in the
extraction group were decreased, while the changes in the non-extraction group were increased, and the
changes between two groups showed signi�cant differences (p < 0.05). For Stomatological height (Sto-
Me’), it decreased in both groups, but the change in extraction group was bigger in extraction group. No
statistical differences were found in other 3D line distance measurements (Table 3).
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Table 3
Change of facial soft tissue in line distance(mm, X̅ ±SD)

  Extraction (n = 11) Non-extraction (n = 12) t P

1/3 Face height −0.359 ± 0.922 0.948 ± 1.183 −2.935 0.008*

Right back face height −4.169 ± 13.360 −0.081 ± 5.158 −0.985 0.336

Left back face height −5.685 ± 12.829 −0.3167 ± 5.298 −1.333 0.197

Lip height −0.292 ± 1.639 0.162 ± 1.491 −0.698 0.493

Stomatological height −1.206 ± 0.579 −0.053 ± 1.464 −2.440 0.024*

Chin height −0.887 ± 1.701 0.497 ± 1.239 −2.245 0.036*

Right face depth 2.170 ± 4.809 0.362 ± 1.798 1.215 0.238

Left face depth −0.109 ± 5.296 0.050 ± 2.224 −0.096 0.925

Right mandible length 0.835 ± 3.060 −0.316 ± 3.704 0.808 0.428

Left mandible length 1.396 ± 4.065 −0.330 ± 3.651 1.074 0.295

Face width −0.194 ± 2.189 0.420 ± 1.137 −0.856 0.402

Mandible width 0.032 ± 3.758 −0.995 ± 3.059 0.723 0.478

Cheek width −1.045 ± 3.422 −1.476 ± 3.557 0.296 0.770

Lip width −0.564 ± 0.660 0.732 ± 1.764 −2.291 0.032*

Note: * means p < 0.05, the difference is statistically signi�cant; ** means p < 0.001, the difference is
statistically signi�cant.

Comparison of changes in facial soft tissue in 3D angle
For angle measurements, soft tissue angle (N’-Sn-Pg’) and Nasolabial angle (Prn-Sn-Ls) showed a
statistical changes between two groups (extraction group: 0.41°and 4.97°vs. non-extraction group:
-0.91°and 1.65°, respectively, p < 0.05). The decreased changes in angle of Chin-lips angle (Li-Sl-Pg’) of
patients in the extraction group were observed (extraction group: -3.96°vs. non-extraction group: 3.31°, p < 
0.05). Similarly, the change in Lip angle (Ls-Sto-Li) was signi�cant (extraction group: -12.72°vs. non-
extraction group: 3.64°, p < 0.05). These results implies the retracting effect of orthodontic extraction to
prominent mouth. No statistical differences were found in Soft tissue ANB angle, Mandibular angle, Right
mandibular angle and Left mandibular angle between two groups after treatment (Table 4). 
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Table 4
Change of facial soft tissue in angle(°, X̅±SD)

  Extraction (n = 11) Non-extraction (n = 12) t P

Soft tissue angle 0.415 ± 0.971 −0.913 ± 1.765 2.207 0.039*

Soft tissue ANB angle 0.332 ± 0.623 0.560 ± 1.041 −0.630 0.536

Nasolabial angle 4.972 ± 3.788 1.655 ± 2.089 2.631 0.016*

Chin-lips angle −3.961 ± 3.202 3.315 ± 3.396 −5.274 0.000**

Mandibular angle −0.147 ± 3.851 0.174 ± 4.697 −0.178 0.860

Lip angle −12.725 ± 7.265 3.648 ± 10.052 −4.439 0.000**

Right mandibular angle 2.610 ± 2.846 2.025 ± 2.645 0.511 0.614

Left mandibular angle 2.312 ± 3.020 2.259 ± 2.792 0.044 0.965

Note: * means p < 0.05, the difference is statistically signi�cant; ** means p < 0.001, the difference is
statistically signi�cant.

Comparison of changes in facial soft tissue in volume
Changes in volume of facial soft tissue were statistically signi�cant for Lips, Chin and Cheek region after
extraction orthodontic treatment, which were − 1.13cm3, -0.39cm3 and − 1.49cm3 in extraction group
while − 0.08cm3, 0.46cm3 and − 0.11cm3 in non-extraction group respectively (p < 0.05). However, no
signi�cant differences were observed in the changes of Nose, Zygomatic and Temporal volumes
(Table 5).

 
 
 

Table 5
Change of facial soft tissue in volume(cm3,X̅±SD)

  Extraction (n = 11) Non-extraction (n = 12) t P

Nose 0.167 ± 0.955 0.342 ± 0.564 −0.540 0.595

Lips −1.135 ± 1.093 −0.087 ± 1.144 −2.239 0.036*

Chin −0.399 ± 0.517 0.468 ± 0.837 −2.954 0.008*

Cheek −1.493 ± 1.817 −0.111 ± 1.136 −2.207 0.039*

Zygomatic 0.581 ± 0.534 0.287 ± 0.355 1.567 0.132

Temporal 0.009 ± 0.129 0.123 ± 0.533 0.802 0.432

Note: * means p < 0.05, the difference is statistically signi�cant; ** means p < 0.001, the difference is
statistically signi�cant.



Page 12/21

Comparison of changes in facial hard tissue
For sagittal measurements, a statistical change ∠U1-SN after treatment was observed between two
groups ( extration group: -6.29°vs. non-extraction group: 1.08°, p < 0.05). Similarly, the change in d1 was
signi�cant (extraction group: -4.96mm vs. non-extraction group: -0.03mm, p < 0.05). For vertical
measurements, only d5 showed a statistical difference between two groups after treatment (extraction
group: -0.67 mm vs. non-extraction group: 2.52mm, p < 0.01). Horizontally, the change of d7 in the
extraction group was − 1.53mm compared with 0.56mm in the non-extraction group (p < 0.05). No
statistical differences were seen in d2, d3, d4, d6, d8 and d9 between two groups after treatment
(Table 6).

 
 

Table 6
Change of facial hard tissue in dental features(X̅±SD)

  Extraction (n = 11) Non-extraction (n = 12) t P

∠U1-SN(°) −6.290 ± 5.444 1.083 ± 5.830 −3.127 0.005*

d1(mm) −4.963 ± 4.405 −0.033 ± 3.852 −2.863 0.009*

d2(mm) −0.390 ± 4.484 −0.341 ± 3.038 −0.031 0.976

d3(mm) 2.036 ± 2.654 0.600 ± 2.876 1.241 0.228

d4(mm) 2.22 ± 1.896 0.900 ± 1.754 1.669 0.111

d5(mm) −0.672 ± 1.834 2.527 ± 1.575 −4.389 0.000**

d6(mm) 0.372 ± 1.841 0.836 ± 1.541 −0.640 0.529

d7(mm) −1.536 ± 1.083 0.563 ± 1.760 −3.369 0.003*

d8(mm) 0.081 ± 1.078 −0.409 ± 1.012 1.101 0.284

d9(mm) 0.509 ± 1.333 0.600 ± 1.453 −0.153 0.880

Note: * means p < 0.05, the difference is statistically signi�cant; ** means p < 0.001, the difference is
statistically signi�cant.

Correlation analysis of facial soft tissue and hard tissue
changes
Among sagittal direction in 3D measurements, only the Nasolabial angle was found to have a moderate
negative correlation with decreased changes of ∠U1-SN and d1 (ra=-0.668 and − 0.763, respectively, p < 
0.05). The correlation between decreased changes of Lip angle (Ls-Sto-Li) and ∠U1-SN was also found
to be moderately positive (ra=0.659, p < 0.05). For horizontal direction, there was also a moderate positive
correlation between the decreased changes of Lip width and distance d5 (ra=0.619, p < 0.05). Regarding
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to vertical direction, no signi�cant correlation between facial soft tissue and hard tissue changes was
found (Table 7 and Fig. 3).

 
 

Table 7
Ratio and correlation coe�cients between soft and hard tissue changes in patients treated with

extraction
Variables(S/H) Soft tissue(S) Hard tissue(H) S/H ra P

Sagittal direction

Soft tissue angle/∠U1-SN (°) 0.415 −6.290 −0.065 −0.235 0.487

Soft tissue angle/d1 (°/mm) 1.366 −4.963 −0.275 −0.162 0.634

Nasolabial angle/∠U1-SN (°) 4.972 −6.290 −0.790 −0.668 0.025*

Nasolabial angle/d1 (°/mm) 4.972 −4.963 −1.001 −0.763 0.006*

Chin-lips angle/∠U1-SN (°) −3.961 −6.290 0.629 −0.162 0.633

Chin-lips angle/d1 (°/mm) −3.961 −4.963 0.798 −0.040 0.906

Lip angle/∠U1-SN (°) −12.723 −6.290 2.022 0.659 0.028*

Lip angle/d1 (°/mm) −9.359 −4.963 1.885 −0.82 0.810

Horizontal direction

Lip width/d5 (mm) −0.564 −0.672 0.839 0.619 0.042*

Vertical direction

1/3 Face height/d7 (mm) −0.359 −1.536 0.233 −0.185 0.586

Stomatological height/d7 (mm) −1.206 −1.536 0.785 −0.265 0.431

Chin high/d7 (mm) −0.887 −1.536 0.577 −0.389 0.237

aPearson’s correlation coe�cient for soft and hard tissue changs.

Note: * means p < 0.05, the difference is statistically signi�cant; ** means p < 0.001, the difference is
statistically signi�cant.

 

Discussion
Nowadays, the proportion of adult orthodontic patients is on the rise, accounting for more than 1/3 of the
total, and there is continuous an upward trend [16], of which women account for the vast majority. Our
study found that the orthodontic extraction showed a good control for facial protrusion cases in term of
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soft and hard tissues, such as the decreased Stomatological height, Lip width, volume of Lips, ∠U1-SN,
d1 and increased Nasolabial angle, which met their chief complaint and treatment demands. To our
knowledge, this is the �rst study that investigated the effects of orthodontic extraction on soft and hard
tissue facial changes, and investigating their associations among average-angle skeletal class Chinese
adults females orthodontic patients using 3dMD®, lateral cephalograms and CBCT.

In terms of line distance in soft tissue, the statistical results of this study showed that the lip width
showed a decreased change in the extraction group and an increased change in the non-extraction
group.The non-extraction correction requires the buccal movement of the canines for alignment due to
lack of space, resulting in the fullness of the lips, while the anterior teeth retraction in extraction group
would reduce the lip volume and thus reduce the lip width. Upper canines were important teeth that
support the corners of the mouth. Though canines in extraction group were moved distally mainly in order
to retract the maxillary anterior and close the extraction space, then d4 increase naturally along the
alveolar bone. Such an increase of d4 in extraction will not lead to soft tissue lips widening, because they
moved distally and may cause lips retracted. In the study of adult patients with bimaxillary protrusion,
Leonardi et al. [17] found that the upper and lower lips were moved backward by 2 to 3.2 mm and 2 to 4.5
mm respectively after the extraction of the �rst premolar, indicating that the rebuilding in soft tissue of
the lips will occur with the movement of the teeth. Adults lack the ability to remodel soft tissue,
suggesting that adult patients with thick lip can obtain better lip shape after tooth extraction, which is
consistent with the research conclusions of some studies [18, 19]. In addition, we also observed a
decreased change in 1/3 face height and chin high and opposite in soft tissue angle in the extraction
group, which might be that these cases were designed as moderate anchorage, and the molars move
mesially, resulting in a counterclockwise rotation of the mandible[20, 21]. It is suggested that
orthodontists need to predict the changes of lip shape and consider patients' requirements when
designing orthodontic treatment plans, and well communication with patients.

In terms of angle, nasolabial angle showed an increased change, which had signi�cant correlation with
∠U1-SN and d1 in the extraction group, related to a retracting effect on maxillary anterior teeth. The lip
angle decreased in both groups and the difference was more signi�cant in the extraction group. The
retracting effect on maxillary anterior teeth of ∠U1-SN and d1 suggests that some patients may have
anterior teeth tipping tilt with lips incomplete closure before orthodontic treatment. After the
establishment of normal overbite coverage and the vermilion in a relaxed state, the eversion of lip is
reduced. Our �ndings agree with previous studies that maxillary incisor retraction help soft tissue pro�le
change[22]. A systematic review indicated that a signi�cant association was seen between patient age
and treatment-induced increase in nasolabial angle, with the fact that a greater increase was showed in
older patients rather than younger patients[23]. This might be explained from long nose growth or age-
related lip changes before adulthood. As for the chin-lips angle, it decreased in the extraction group and
increased in the non-extraction group. This might be that the non-extraction orthodontic treatment
generally requires the anterior teeth tilt, creating a gap to align the lower dentition, making the lower lip
more prominent and the ditch becomes shallow. Wen et al.[24] found that the basic development of the
chin in females is completed around the age of 12, while that in males can continue until the age of 17,
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but individual differences are large. It is suggested that when designing the treatment plan, patients with
a protruding chin are allowed to tilt the incisors and lips, and the possibility of non-extraction correction is
high, obtaining the nose, lips and chin more harmonious and beautiful.

In terms of volume, both the entire set of facial volume analysis converged in revealing thinner lips and
cheek region. The changes in these regions were likely associated with changes in occlusion and
masticatory muscle during orthodontic treatment. In clinical practice, patients were suggested to have lip
closing training assisting anterior teeth retraction for saving anchorage. For the extraction group, the
narrowing tendency in inter-molar width (d5) of smaller dental arch may contribute to loss of tooth
support on the face. Dietary disturbance, atrophy of the masticatory muscles and physiological changes
with aging also caused the cheek to collapse [25]. Otasevic M et al. indicated that oral mucosa ulcer
caused by bracket or ligature wire are the important factors to patients reporting strong pain and tend to
avoid chewing [26]. This change reduces the compliance of the masticatory muscles, leading to
progressive muscle atrophy and degeneration [27], which in turn may contribute to cheek region
invagination observed in this study. Gosain et al. [28] used MRI to study the volume of facial fat, they
found that the super�cial fat on the cheeks of the elderly was thicker than that of the young. Although the
buccal volume in the extraction group showed a statistically signi�cant reduction compared with that in
the non extraction group, the difference was small. Whether this small difference could be re�ected in the
facial change of each patient needs to be discussed individually. However, this suggests that it should be
cautious in orthodontic extraction for adult women patients with high cheekbones and thin cheeks. No
statistical changes in the volumes of zygomatic and temporal soft tissues, therefore, this study does not
support the argument that orthodontic extraction is more likely to cause a "bracketed face" than non-
extraction.

In conclusion, changes of facial characteristics after extraction orthodontic treatment showed a good
control for facial protrusion cases, making the patients pro�le more attractive and harmonious among
average-angle skeletal class  Chinese adults females, these changes were characterized by retracted
anterior teeth and lips-related regions. The soft tissue buccal volume in both extraction and non-extracted
patients decreased to a certain extent, but no signi�cant changes were found in temporal and zygomatic
regions. It should be emphasized and fully communicated with adult women patients with high
cheekbones and thin cheeks in orthodontic extraction.

Limitations
Several limitations in this study should be noted. Firstly, more detailed changes in patients’ quality of life,
level of satisfaction and subjective evaluation to the facial changes could be extended further[29].
Secondly, our analysis focused on facial changes after the orthodontic treatment. Longitudinal study and
longer periods of follow-ups are necessary to gain a complete understanding of facial changes post-
treatment. Thirdly, our study sample is comprised of only Chinese, which could only re�ect Asian
populations. Lastly, the patient's BMI related indicators may also affect the results[30].
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Figure 1

Soft tissue volume measurement area in 3D facial image

A: V-nose B: V-lip C: V-chin D: V-chk E: V-zy F: V-tem

Figure 2

Hard tissue measurement in cephalometric lateral radiographs and CBCT images. AReference points and
measurement in lateral cephalometric radiographs; BReference points and measurement in horizontal
cross-sectional images of CBCT; CReference points and measurement in 3D virtual images of CBCT
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Figure 3

Correlation analysis of facial soft tissue and hard tissue changes after orthodontic treatment. A
Correlation between Nasolabial angle and ∠U1-SN; BCorrelation between Nasolabial angle and d1; C
Correlation between Lip angle and ∠U1-SN; D Correlation between Lip width and d5
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