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Evaluation of soft tissue changes around the lips after bracket debonding

using three-dimensional stereophotogrammetry

Young-Kyun Kima; Nam-Ki Leeb; Sang-Woon Moonc; Moon-Jung Jangd; Hyun-Suk Kimd;
Pil-Young Yune

ABSTRACT
Objective: To evaluate the changes in soft tissue around the lips after orthodontic bracket
debonding using three-dimensional (3-D) stereophotogrammetry.
Materials and Methods: 3-D facial images of 20 subjects (10 men and 10 women; mean age,
26.81 6 7.23 years) were taken with a white light scanner before and after debonding the labial
brackets. Two images acquired from each subject were superimposed, and 15 soft tissue
landmarks around the lips were plotted and analyzed. Statistical analysis was performed using
both paired and independent t-tests (P , .05).
Results: There were no significant changes in position of any landmark on the x (left-right)- or y
(vertical)-axes after removal of the brackets. However, the landmarks in the oral commissures and
lower lip (LLP, 20.55 mm; Li, 20.44 mm; Ch-L, 20.56 mm, all P , .05) on the z (anteroposterior)-
axis showed statistically significant differences. There were no significant positional changes of
most landmarks on the x-, y-, or z- axes after bracket removal among the various genders and lip
thicknesses.
Conclusions: There was a slight retrusion in the oral commissure and lower lip areas after
debonding, but no changes were found in the upper lip area. This study showed that 3-D
stereophotogrammetry can be useful in evaluating facial soft tissue changes in orthodontic
patients. (Angle Orthod. 2015;85:833–840.)
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INTRODUCTION

Orthodontic treatment seeks to restore not only
occlusal function but also esthetics by improving facial

harmony.1 To achieve this, treatment based on proper
orthodontic diagnosis and planning is necessary.
Considering the growing interest in facial esthetics
and patients’ awareness of even slight lip changes at
the end of treatment, there is a need to anticipate
changes in the lip and perioral soft tissues after
bracket removal.

Research on the influence of orthodontic appliances
on changes around the lips has been limited to
assessing the soft tissues of the midsagittal area
using two-dimensional (2-D) cephalograms or photo-
graphs.2,3 Recently, different methods of evaluating
3-D soft tissue changes such as 3-D cone-beam
computed tomography (CBCT), laser scanning, and
stereophotogrammetry have been reported with the
development of digital technology.4–9 3-D CBCT can
create high quality images of soft tissue but is
unpleasant for the patient to be repeatedly subjected
to radiation exposure, noise generated on the skin of
the cone beam’s boundary, and long scan time.4 On
the other hand, 3-D laser scanning does not discharge
radiation, and it can reproduce the detailed color and
texture of soft tissue with a relatively short scan time.
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However, laser scanning still has limitations because it
needs to be processed with the patient’s eyes closed,
and it cannot perfectly represent the texture and color of
the scanned skin.6 Hence, 3-D stereophotogrammetry,
which photographs an object using white light–scanning
equipment at various angles with one or more cameras
and composes a 3-D photograph with computer
software, was developed. Its advantages, such as
repetitive exposures with the eyes open and excellent
reproducibility, reliability, and representation of soft
tissue texture and color, have been proven.5,7,10,11

Most of the studies using 3-D facial imaging
technologies in orthodontics have dealt with the
changes achieved by orthognathic surgery6,8,9 and
various types of orthodontic treatment.12,13 However,
there have been only a few 3-D photographic studies
on soft tissue changes around the lips by orthodontic
appliances5 after debonding. Therefore, the purpose of
this study was to evaluate the changes in soft tissues
around the lips after removing brackets using 3-D light
stereophotogrammetry.

MATERIALS AND METHODS

Twenty subjects (10 men and 10 women; mean age,
26.81 6 7.23 years) were recruited from the patient
population in the Department of Orthodontics at Seoul
National University Bundang Hospital (Seongnam,
Korea). The patients completed their orthodontic
treatment with Class I molar and canine relationships
and were willing to participate in the study. We used
the following inclusion criteria: (1) lip competence, (2)
facial symmetry, (3) no craniofacial syndromes, and (4)
adult. This study was approved by the Institutional
Review Board of Seoul National University Bundang
Hospital (B-1312-230-101).

Imaging Methods (Acquisition and Registration)

A 3-D optical scanning system (Morpheus 3-D;
Morpheus Co, Gyeonggi, Korea) with computer soft-
ware (Facemaker; Morpheus) was used to capture 3-D
facial photographs of the patients. This system utilizes
light-emitting diodes as a source of white light. Two
images were acquired: before and after removal of the
brackets in all patients. For every photo session, three
photographs were taken, from (1) the front, (2) 45u to
the left, and (3) 45u to the right. The patients’ forehead,
ears, and neck were exposed; patients were asked to
keep the teeth in occlusion after swallowing in the
natural head position and to relax their facial muscles
with eyes open during the scan.10 All photos were
taken under the same conditions to minimize effects
from variables such as lighting, makeup, and facial
expression. In addition, the collection and analysis of
data were done by an experienced investigator. Labial

self-ligating brackets (Damon Clear brackets in the
maxillary arch and Damon Q brackets in the mandib-
ular arch; Ormco, Glendora, Calif) were used. Maxil-
lary (mandibular) incisor brackets had 0.105-inch
(0.081-inch) thickness, 0.156-inch (0.123-inch) height,
and 0.138-inch (0.110-inch) width.

As shown in Figure 1, three photographs were
registered using Facemaker software. Registration is
a process of converting data obtained from various
points of time into a single coordinate system using
iterative closest point (ICP) algorithms.14 These algo-
rithms repeat the process to determine a pair of points
closest to the predefined, overlapped area between
the inputted two data and calculate the 3-D conversion
parameter that minimizes the distance between the
points.

Superimposition

On two 3-D images acquired before and after
debonding in each patient, locations of left and right
pupil and nose tip points were automatically deter-
mined. The left and right forehead, bridge of the nose,
temples, and area below the eyes were detected
automatically based on the locations of pupil and nasal
tip points (Figure 2). For each point cloud within the
facial area, ICP algorithms were applied. Based on the
result, the conversion value of movement and rotation
that minimizes the average distance of point clouds is
calculated and overlapped automatically and subse-
quently revised with a manual correction.14

3-D Coordinate System Setting

The segment connecting the left and right pupil
points becomes the x (left-right)-axis. The plane
consisting of perpendicular bisectors that pass through
the center of the segment connecting the left and right
pupil points (midinterpupil point) becomes the yz
plane. The z-axis is defined as the anteroposterior
axis of the face on the yz plane. The y (vertical)-axis is
the superoinferior axis of the face on the yz plane. The
imaginary center point of 3-D facial geometry on the
bases of the y- and z-axes on the yz plane becomes
the zero points (0, 0, and 0). The xz plane is set
perpendicular to the yz plane, passing through the zero
points. The xy plane is the plane perpendicular to the
yz and xz planes, passing through the zero points
(Figure 3). The 3-D coordinate values (x, y, and z) of
the landmarks were acquired using the coordinate
system of the imaginary center of facial geometry.

Landmark Identification

The landmarks of the 3-D image generated by
Facemaker are identified using Morpheus 3-D com-
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puter software. Fifteen landmarks are plotted with the
autodetection function, but can be easily adjusted
manually (Table 1, Figure 3).

Statistical Analysis

The paired t-test was used to evaluate changes in
the x, y, and z coordinate values in 15 perioral soft
tissue landmarks between the two images taken
before and after bracket removal. In addition, an
independent t-test was used to compare changes in
the 3-D coordinate values between each soft tissue
landmark before and after debonding in different
genders and lip thicknesses. Lip thickness, which is
the distance between the incisal tip of the maxillary
(mandibular) incisor and the most anterior point of the

upper (lower) lip, was measured on the pretreatment
lateral cephalograms. Statistical analysis was per-
formed with SPSS 20.0 for Windows (PASW, Chicago,
Ill). Differences were considered significant at a P-
value less than .05.

For the reproducibility of images taken by 3-D
stereophotogrammetry, we confirmed that there were
no significant differences in the x-, y-, or z-coordinate
values of any landmark between the two repeated
images taken at 2-week intervals before debonding in
15 randomly selected patients (P . .05) (Table 2).

RESULTS

As presented in Table 3, no significant difference
was found in the position of any landmark on the x- or

Figure 1. The process of three-dimensional photograph taking and registration.

Figure 2. Superimposition of photographs taken before and after removal of orthodontic brackets. The locations of pupil and nose tip points, left

and right foreheads, bridge of the nose, temple, and area below the eyes are auto-detected.
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y-axes after bracket removal. However, LLP, Li, and
Ch-L (20.55 mm; 20.44 mm; 20.56 mm, respectively,
all P , .05) on the z-axis showed statistically
significant differences.

There were significant positional differences in ULP
(male, 20.03 mm; female, 0.15 mm, P , .05) and Ch-
L (male, 20.36 mm; female, 0.20 mm, P , .01) on the
x-axis between the two genders (Table 4).

In addition, Ch-L (thin lips, 0.17 mm; thick lips,
20.33 mm; P , .05) on the x-axis showed a significant
difference after bracket removal of those having
different lip thicknesses (Table 5).

DISCUSSION

With increasing patient demands on the esthetic lip
line and facial profile, there has been a need to

anticipate the change in soft tissues around the lips
after removal of orthodontic brackets. 2-D images have
been used to evaluate changes in the facial soft tissue
despite its limitations in assessing the parasagittal
area. Recently, various methods have been applied to
examine soft tissues in 3-D; the most representative
method among them is 3-D scanning techniques such
as laser scanning and 3-D stereophotogrammetry.4–6

Some researchers have reported that soft tissue
analysis using 3-D scanning is reproducible and
reliable.7,10,11,15 Similarly, our study has demonstrated
that the mean differences in 3-D coordinate values (x,
y, and z) of each landmark between two photographs
repeated at baseline and after 2 weeks were less than
0.5 mm and that the reproducibility of soft tissue
landmarks was high (P . .05; Table 2).7,10 Therefore,

Figure 3. Soft tissue landmarks and three-dimensional coordinate system: x-axis (left-right axis; left [+], right [2]), y-axis (vertical axis; superior

[+], inferior [2]), and z-axis (anteroposterior axis; anterior [+], posterior [2]).

Table 1. Definitions of 15 Facial Soft Tissue Landmarks for 3-D Photography

Landmark Abbr Definition

Pronasale Pn Most anterior midpoint of the nasal lip

Subnasale Sn Midpoint on the nasolabial soft tissue contour between the columella crest and the upper lip

Right alar base Al-R Most lateral point on the right alar contour

Left alar base Al-L Most lateral point on the left alar contour

Soft tissue A-point A9 Most concave point on the curve between the upper lip and subnasale

Upper lip point ULP Midpoint of the upper lip

Lower lip point LLP Midpoint of the lower lip

Soft tissue B-point B9 Most concave point on the curve between the lower lip and soft tissue pogonion

Soft tissue pogonion Pg9 Most anterior midpoint of the chin

Labrale superior Ls Midpoint of the vermilion line of the upper lip

Labrale inferior Li Midpoint of the vermilion line of the lower lip

Right cheilion Ch-R Point located at the right labial commissure

Left cheilion Ch-L Point located at the left labial commissure

Right christaphiltri Cph-R Point at the right crossing of the vermilion line and elevated margin of the philtrum

Left christaphiltri Cph-L Point at the left crossing of the vermilion line and elevated margin of the philtrum
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soft tissue analysis using 3-D stereophotogrammetry
in the field of orthodontics or orthognathic surgery can
be an effective method for evaluating and anticipating
soft tissue changes without exposure to harmful
radiation.

This study used 3-D photographs to examine the
changes in soft tissue around the lips after removal of
the labial brackets. The coordinate values of each
landmark presented no positional changes on either
the x- or y-axes. Only LLP, Li, and Ch-L showed
significant changes in a posterior direction on the z-
axis (20.55 mm, 20.44 mm, 20.56 mm, respectively;
all P , .05; Table 3). These findings suggest that
bracket removal may have retrusive effects on the oral
commissure and lower lip, but not on the upper lip.

Consistent with this study, Eidson et al.5 reported that
right and left cheilions and lower lip were significantly
retruded (mean range, 0.26 mm to 0.89 mm) imme-
diately after bracket removal. Jeon et al.,16 using 3-D
laser scanning, demonstrated that relatively large
changes in the perioral soft tissue were recorded
immediately after debonding; approximately 1.3 mm
(median) in the oral commissures and more than 1 mm
in the vermilion border of the upper and lower lips. On
2-D lateral cephalograms, Lee et al.2 reported that the
lower lip was significantly retruded immediately after
debonding and that the mean retrusion in the lower lip
(0.88 mm) was greater than that in the upper lip
(0.38 mm). On the contrary, Abed et al.3 reported that
there were no statistically significant differences in lip

Table 2. Mean Differences in 3-D Coordinates Between Each Landmark of 2 Images Acquired at 2-Week Intervals Before Debonding

X Y Z

Landmark Mean SD P-valuea Mean SD P-valuea Mean SD P-valuea

Pn 0.05 0.21 .428 20.02 0.21 .780 20.13 0.23 .056

Sn 20.04 0.30 .602 0.01 0.46 .922 20.09 0.47 .503

Al-R 20.27 0.58 .098 20.22 0.63 .220 20.47 1.07 .066

Al-L 20.17 0.82 .458 20.10 0.41 .374 0.19 0.85 .425

A9 20.01 0.21 .892 0.08 0.27 .285 20.12 0.61 .467

ULP 0.11 0.32 .203 20.15 0.61 .363 20.08 0.96 .764

LLP 0.12 0.31 .188 0.18 0.43 .148 20.01 0.90 .968

B9 0.15 0.25 .051 0.10 0.54 .514 0.12 0.53 .419

Pg9 0.09 0.30 .300 0.12 0.75 .565 0.34 0.50 .056

Ls 0.09 0.28 .261 20.10 0.57 .527 0.04 0.92 .885

Li 20.00 0.25 .966 0.07 0.77 .732 20.23 0.96 .398

Ch-R 20.09 1.01 .737 0.35 1.05 .235 20.16 1.88 .754

Ch-L 0.15 1.01 .591 0.30 1.25 .388 20.45 1.70 .341

Cph-R 0.08 0.22 .208 0.15 0.50 .279 20.10 0.86 .676

Cph-L 20.02 0.32 .790 0.13 0.44 .287 0.03 0.84 .903

a Paired t-test was performed. X-coordinate indicates transverse axis (+ 5 left, 2 5 right); y-coordinate, superoinferior axis (+ 5 superior, 2 5

inferior); z-coordinate, anteroposterior axis (+ 5 anterior, 2 5 posterior); SD, standard deviation; significance: P , .05.

Table 3. Mean Differences in 3-D Coordinates Between Each Landmark of Two Images Before and After Removal of Brackets

X (n 5 20) Y (n 5 20) Z (n 5 20)

Landmark Mean (mm) SD (mm) P-valuea Mean (mm) SD (mm) P-valuea Mean (mm) SD (mm) P-valuea

Pn 0.03 0.09 .965 0.01 0.12 .129 20.07 0.19 .290

Sn 20.01 0.18 .755 0.01 0.24 .795 0.10 0.33 .215

Al-R 0.00 0.27 .961 0.00 0.13 .933 0.18 0.52 .134

Al-L 0.06 0.26 .339 0.00 0.12 1.00 0.05 0.51 .683

A9 0.05 0.17 .261 20.02 0.24 .731 20.02 0.37 .826

ULP 0.06 0.18 .158 20.11 0.40 .222 0.02 0.65 .905

LLP 0.04 0.16 .321 20.01 0.86 .979 20.55 0.88 .011*

B9 20.05 0.18 .200 0.01 0.43 .923 20.18 0.60 .187

Pg9 20.04 0.12 .181 20.03 0.28 .627 20.09 0.56 .464

Ls 0.07 0.19 .109 0.02 0.35 .796 20.08 0.60 .555

Li 0.03 0.14 .362 20.03 0.69 .852 20.44 0.83 .029*

Ch-R 0.19 0.53 .123 20.02 1.13 .932 20.28 1.18 .294

Ch-L 20.08 0.48 .451 20.12 1.03 .619 20.56 1.06 .028*

Cph-R 20.00 0.18 .933 0.01 0.24 .884 20.12 0.60 .372

Cph-L 0.09 0.20 .063 0.04 0.21 .451 20.16 0.51 .174

a Paired t-test was performed. X-coordinate indicates left-right axis (+ 5 left, 2 5 right); y-coordinate, vertical axis (+ 5 superior, 2 5 inferior);

z-coordinate, anteroposterior axis (+ 5 anterior, 2 5 posterior); SD, standard deviation.

* Significance: P , .05.
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positions after bracket debonding based on 2- D lateral
photographs.

Within different genders, there were no significant
positional changes in most of perioral landmarks on
the x-, y-, or z-axes after bracket removal, with the
exception of ULP (P , .05) and Ch-L (P , .01) on the

x-axis (Table 4). This indicates that there were no
differences in the anteroposterior or vertical positions
of the upper or lower lips before or after debonding in
the two sexes. Jeon et al.16 reported that males
showed more retrusion in the lower lip immediately
after debonding. In contrast, Lee et al.2 reported that lip

Table 4. Mean Differences in 3-D Coordinates Between Each Landmark of Two Images Before and After Removal of Brackets in the

Two Genders

X Y Z

Men

(n 5 10)

Women

(n5 10)

Men

(n 5 10)

Women

(n 5 10)

Men

(n 5 10)

Women

(n 5 10)

Landmark

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Pn 0.03 0.03 0.06 0.12 .903 0.05 0.14 20.03 0.09 .114 20.05 0.16 20.09 0.22 .711

Sn 20.03 0.20 0.00 0.16 .743 0.05 0.24 20.03 0.25 .467 0.19 0.38 20.00 0.25 .198

Al-R 20.12 0.31 0.11 0.17 .057 0.01 0.12 20.00 0.15 .858 0.19 0.54 0.18 0.54 .970

Al-L 20.02 0.28 0.13 0.23 .212 0.02 0.10 20.02 0.14 .526 20.14 0.52 0.23 0.45 .107

A9 0.01 0.19 0.08 0.16 .425 0.01 0.21 20.04 0.28 .672 0.07 0.45 20.11 0.27 .311

ULP 20.03 0.08 0.15 0.21 .022* 20.19 0.42 20.03 0.39 .385 0.11 0.43 20.07 0.83 .557

LLP 0.00 0.19 0.07 0.12 .379 20.23 0.69 20.03 0.39 .251 20.50 0.97 20.60 0.83 .808

B9 0.03 0.14 20.01 0.21 .332 20.12 0.29 0.14 0.52 .189 0.03 0.51 20.40 0.63 .119

Pg9 20.09 0.09 20.07 0.15 .319 20.12 0.22 0.06 0.32 .171 20.02 0.59 20.17 0.55 .551

Ls 0.03 0.14 0.11 0.22 .392 20.07 0.19 0.11 0.45 .280 20.07 0.34 20.09 0.80 .923

Li 0.04 0.13 0.02 0.16 .664 20.25 0.55 0.19 0.77 .162 20.35 0.84 20.53 0.86 .646

Ch-R 0.19 0.50 0.19 0.58 .974 20.13 1.14 0.09 1.18 .682 0.06 1.12 20.62 1.19 .206

Ch-L 20.36 0.50 0.20 0.25 .005* 20.31 0.89 0.07 1.18 .431 20.24 0.79 20.88 1.23 .182

Cph-R 20.03 0.18 0.02 0.19 .535 0.04 0.12 20.03 0.33 .520 20.17 0.44 20.08 0.74 .757

Cph-L 0.02 0.12 0.16 0.24 .124 0.02 0.16 0.06 0.26 .666 20.15 0.39 20.17 0.62 .902

b Independent t-test was performed. X-coordinate indicates left-right axis (+ 5 left, 2 5 right); y-coordinate, vertical axis (+ 5 superior, 2 5

inferior); z-coordinate, anteroposterior axis (+ 5 anterior, 2 5 posterior); SD, standard deviation.

Significance: * P , .05; ** P , .01.

Table 5. Mean Differences in 3-D Coordinates Between Each Landmark of Two Images Before and After Removal of Brackets in Different

Lip Thicknesses

X Y Z

Thin Lip

(n 5 10)

Thick Lip

(n 5 10)

Thin Lip

(n 5 10)

Thick Lip

(n 5 10)

Thin Lip

(n 5 10)

Thick Lip

(n 5 10)

Landmarks

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Mean

(mm)

SD

(mm)

Mean

(mm)

SD

(mm) P-valueb

Pn 0.04 0.11 0.02 0.06 .678 20.03 0.06 0.05 0.15 .114 20.03 0.17 20.11 0.21 .346

Sn 20.03 0.16 0.01 0.20 .670 20.04 0.25 0.07 0.22 .305 0.14 0.27 0.05 0.39 .566

Al-R 0.08 0.18 20.08 0.32 .183 20.02 0.16 0.03 0.10 .441 0.24 0.69 0.13 0.31 .665

Al-L 0.09 0.28 0.03 0.26 .616 20.02 0.15 0.02 0.10 .416 0.17 0.53 20.08 0.48 .293

A9 0.04 0.17 0.05 0.18 .824 20.17 0.22 0.08 0.24 .074 0.06 0.34 20.09 0.41 .392

ULP 0.13 0.22 20.01 0.09 .086 20.15 0.54 20.08 0.22 .691 20.01 0.89 0.05 0.31 .850

LLP 0.06 0.12 0.01 0.19 .509 20.08 0.91 0.07 0.85 .718 20.70 0.87 20.40 0.91 .451

B9 20.03 0.20 20.08 0.15 .554 0.03 0.44 20.01 0.44 .839 20.28 0.74 20.09 0.44 .508

Pg9 20.06 0.14 20.02 0.10 .526 0.03 0.24 20.09 0.32 .386 20.05 0.52 20.13 0.62 .752

Ls 0.10 0.23 0.04 0.13 .084 0.08 0.44 20.04 0.25 .492 20.12 0.78 20.04 0.39 .755

Li 20.01 0.17 0.07 0.10 .061 20.02 0.76 20.04 0.65 .935 20.57 0.93 20.31 0.75 .500

Ch-R 0.23 0.56 0.15 0.52 .240 20.41 1.08 0.36 1.10 .131 20.72 1.14 0.16 1.09 .094

Ch-L 0.17 0.30 20.33 0.51 .016* 20.43 0.68 0.19 1.26 .189 20.97 0.93 20.16 1.07 .088

Cph-R 0.05 0.17 20.05 0.19 .230 20.06 0.32 0.08 0.09 .210 20.08 0.74 20.17 0.44 .735

Cph-L 0.13 0.24 0.05 0.15 .362 0.07 0.26 0.01 0.16 .550 20.16 0.62 20.16 0.39 .976

b Independent t-test was performed. X-coordinate indicates left-right axis (+ 5 left, 2 5 right); y-coordinate, vertical axis (+ 5 superior, 2 5

inferior); z-coordinate, anteroposterior axis (+ 5 anterior, 2 5 posterior); thin lips (upper lip, 14.16 6 1.17 mm; lower lip, 15.30 6 1.56 mm); thick

lips (upper lip, 18.19 6 2.47 mm; lower lip, 17.51 6 2.35 mm); SD, standard deviation.

* Significance: P , .05.
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retrusion was greater in females. These differences
in lip changes between male and female may be
attributed to various factors such as different sample
sizes and methods of evaluating soft tissues.

In the present study, most perioral landmarks on the
x-, y-, and z-axes before and after bracket removal
showed no significant positional changes between lip
thicknesses except for Ch-L (P , .05) on the x-axis
(Table 5). This corroborates that lip thickness has no
prominent effect on left-right, anteroposterior, or
vertical lip changes after debonding. However, Jeon
et al.16 reported that patients with thinner lips showed
more retrusive change immediately after debonding.
Additionally, in profile changes associated with ortho-
dontic incisor retraction, Oliver17 and Kokodynski et
al.18 reported that greater lip thickness results in less
change in the superior labial sulcus. The discrepancy
in lip changes among studies may have resulted from
the demographic feature of subjects. Because the
variation in lip thickness of subjects in this study might
have been less than that of subjects from a racially
diverse population, lip thickness may have less to do
with lip changes after debonding.

Although the amount of change in facial soft tissue
after removing or bonding orthodontic brackets dif-
fered, most studies showed that changes in the lower
lip were more prominent than those in the upper
lip.5,16,19 This may be due to low predictability of the
upper lip response related to orthodontic treatment, or
it may be related to the complex anatomical structure
and dynamics of the lip.16,20,21 In addition, Moseling et
al.22 reported that the inherent properties and mor-
phology of the soft tissues are the greatest determi-
nants of lip curvature in orthodontic patients.

In the present study, considering that the retrusion
in oral commissures and lower lip after removing
orthodontic brackets occurred below the level of
clinical significance,5 additional treatment may be
needed to correct lip posture in cases of lip protrusion
remaining before bracket debonding. It is important for
clinicians to understand the existence of individual
variations of lip retrusion after debonding and the
difference in patients’ awareness of lip protrusion.
Additionally, clinicians should recognize that lip thick-
ness increases during growth and development.23

Although the 3-D stereophotogrammetry used in this
study is an effective method of analyzing soft tissue, its
reproducibility may diminish due to changes in lip
position not recognized by the operator.5 These
changes are most likely to be affected by muscle
tension and elasticity of the soft tissue around the lips
as well as the patient’s gender and age.15,24,25 The
accuracy between 3-D stereophotogrammetry and
laser scanning for soft tissue analysis should also be
evaluated. Considering that this study was performed

on a small sample, further studies of larger homoge-
neous samples are needed. Moreover, positional
changes of the lip should be examined in terms of
different skeletal patterns, the aging process after
orthodontic treatment, and differences in lip thickness
among diverse races.

CONCLUSIONS

N There was a slight retrusion in the oral commissure
and lower lip area after removal of the labial
brackets, but no changes were found in the upper
lip area.

N There were no significant changes in the x-, y-, or z-
coordinate values of most landmarks in the perioral
soft tissues after debonding in different genders and
lip thicknesses.

N 3-D stereophotogrammetry should be useful in
evaluating facial soft tissue changes in orthodontic
patients.
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