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Abstract

Background: Soft tissue asymmetry such as lip canting or deviation of the philtrum is an important influencing
factor for unbalanced facial appearance. Lip canting could be improved by the correction of the occlusal canting or
positional change of the mentum. Although there are many studies about changes of lip canting, however,
postoperative changes of philtrum deviation have not been yet reported. In this study, we investigate the positional
change of the philtrum after orthognathic surgery and influencing factors.

Methods: Positional change of the philtrum was evaluated in 41 patients with facial asymmetry who underwent
bimaxillary surgery, in relation to other anatomical soft tissue landmarks using a frontal clinical photo. The surgical
movement of the maxillary and mandibular dental midline and canting were measured in postero-anterior
cephalogram before and 1 day after surgery. The same procedure was repeated in patients with more than 1.5 mm
perioperative change of the mandibular dental midline after bimaxillary surgery.

Results: Maxillary dental midline shifting and canting correction did not have a significant correlation with lateral
movement of the philtrum midline. However, the mandibular shift had a statistically significant correlation with a
lateral movement of the philtrum (p < 0.05) as well as other linear parameters and angle values.

Conclusion: The horizontal change of the philtrum is influenced by lateral mandibular movement in patients with
facial asymmetry, rather than maxillary lateral movement.
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Background
Facial asymmetry (FA) is a common complaint of pa-
tients undergoing orthognathic surgery [1]. Although
the severity of FA is mainly influenced by hard tissue
asymmetry of the mandible and maxilla [2], soft tissue
asymmetry, such as lip canting or philtrum deviation,
is also an important factor that can cause an unbal-
anced facial appearance [3, 4].
Facial soft tissue adhered to the bone, as in the chin

area, is directly influenced by surgical positional
changes of the hard tissue in all directions. The lower
and upper lips, however, are not connected directly to
the bone, and their positional changes are indirectly

related to postoperative changes of adjacent soft tissue
that is directly adhered to the bone, except for propor-
tional changes in the anterior–posterior direction ac-
cording to the positional changes of the incisors [5].
Therefore, several studies have analyzed whether upper
lip canting can be improved by orthognathic surgery.
Lip canting is corrected by bimaxillary surgery [3, 5–9]
or by mandible surgery only [10–13]. Lip canting could
be improved by the correction of occlusal canting [6, 8]
or positional change of the mentum (Me) [5, 10, 12].
Different from many studies on changes in lip canting,
postoperative changes in philtrum deviation have not
been reported, even though the philtrum is part of the
upper lip and the philtrum midline is one of the ana-
tomical structures located on the facial midline in a
symmetrical face [14–17].
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To make a surgical plan for FA, the maxillary midline
deviation is evaluated by measuring the distance between
the maxillary dental midline and facial midline, and the
philtrum midpoint is frequently used as a reference
point for the facial midline [18, 19]. One of the difficul-
ties in evaluating FA is the asymmetry of the nose and
the fact that periorbital and perioral soft tissue are fre-
quently involved. Therefore, the amount of midline devi-
ation is difficult to estimate, which consequently results
in decreased precision of the surgical plan. To overcome
these problems, this study aimed to investigate the hori-
zontal change of the philtrum according to bimaxillary
surgery and to analyze the relationship between the hori-
zontal change of the philtrum and the amount of surgi-
cal movement of the maxilla and mandible.

Methods
Forty-one patients (female to male = 23:18) who under-
went LeFort I osteotomy with bilateral sagittal split
ramus osteotomy (BSSRO) after preoperative orthodon-
tic treatment were included. Thirty-six patients had FA
and five patients without FA were included with zero
lateral movement. The mean age of the patients was
25.6 years (range, 19–43 years). Patients with FA were
selected according to their cephalometric data. Patients
were classified as having FA when the Me deviated > 4
mm from the line through the crista galli and perpen-
dicular to the line between the right and left latero-
orbitale [1]. The patients had a skeletal class I or class
III occlusion. Only patients in whom the direction of
surgical movements of both maxilla and mandible were
unilateral from the deviated to the contralateral sides
were included. Patients with differential directions of
surgical movements of the maxilla and mandible were
excluded. Only patients in whom the orthodontic tube
on the maxillary first molar could be seen in postero-
anterior (P-A) cephalograms were included, because
this was used as a reference point for the measurement
of maxillary canting. Patients with a congenital maxillo-
facial deformity such as a cleft lip and palate, hemifacial
microsomia, and facial trauma and facial scars were
excluded.
The 1-month preoperative (C1) and 6-month postop-

erative (C2) P-A cephalograms were used for the evalu-
ation of surgical movement. In the P-A cephalogram,
three linear parameters were measured: the maxillary
midline deviation, mandibular midline deviation, and
maxillary canting. The horizontal reference line was
drawn between the right and left lateral orbitale (line
A). The line perpendicular to line A and extending
through the midpoint of line A was defined as the skel-
etal facial midline (line B). The amount of maxillary
midline deviation (MxMD) was the horizontal distance
parallel to line A between line B and the maxillary

dental midline at the level of central incisal tips on the
right and left sides. The amount of mandibular midline
deviation (MnMD) was the horizontal distance parallel
to line A between line B and the mandibular dental
midline. The vertical distance perpendicular to line A
between line A and the most inferolateral point of the
orthodontic tube on the maxillary first molar was mea-
sured as the height of the maxillary first molar on the
right (E) and left (E’) sides. The difference between the
right and left sides was defined as the maxillary canting
(Fig. 1). The amount of surgical movement was calcu-
lated from the difference in cephalometric parameters
between C1 and C2. Measurement error was calculated
for distance and angle measurements using the Dahl-
berg formula [20]. Surgical movement and postopera-
tive changes in the Me were not measured because it
was difficult to recognize them in P-A cephalograms,
and the measurement error for the Me was > 2.0 mm.
Clinical frontal view facial photographs were taken

in a resting position at 1 month before (P1) and
6 months after surgery (P2). These photographs were
used to evaluate postoperative changes of the phil-
trum. The interpupillary line (line a) was used as the
horizontal reference line. The facial midline (line b)
was defined as the line perpendicular to the interpu-
pillary line and through the midpoint of the interpu-
pillary distance. The midpoint of both the upper end
of the philtrum ridge just below the columella was
defined as the upper philtrum center (UPC). The
midpoint of both lower ends of the philtrum ridge
just above the vermillion border was determined as
the lower philtrum center (LPC). The lower lip center
(LLC) was defined as the midpoint of the lower lip
between both mouth corners.
Six parameters were measured in the facial photo-

graphs at both P1 and P2, namely, the angular deviation
of UPC, LPC, and LLC, and the linear deviation of
UPC, LPC, and LLC. The angles between line a and the
line passing through the interpupillary midpoint and
UPC, LPC, or LLC were measured to determine the an-
gular deviations of UPC, LPC, or LLC, respectively. The
horizontal distances perpendicular to line a between
line a and UPC, LPC, or LLC were measured to deter-
mine the linear deviations of UPC, LPC, or LLC, re-
spectively (Fig. 2). The postoperative changes in the
angular and linear deviations of UPC, LPC, and LLC
were calculated.
The descriptive statistics of the preoperative and

postoperative measurements were evaluated using SPSS
for Windows Version 21 (SPSS Inc. Chicago, IL, USA).
Pre- and postoperative positions of the hard and soft
tissues were compared with Wilcoxon singed-rank
tests. Additionally, Spearman’s rank correlation coeffi-
cient was computed between postoperative changes of
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the philtrum and surgical movement of the maxilla and
mandible. Differences were considered to be significant
at p < 0.05.

Results
The mean error of linear deviations was 0.81 ± 0.31 mm
and that of angular deviations was 0.78° ± 0.42°. The
mean postoperative changes in the maxillary and man-
dibular dental midline were 1.3 ± 0.9 mm (range, 0–3.5
mm) and 1.9 ± 1.7 mm (range, 0–7.5 mm), respectively.
Perioperative changes in maxillary canting ranged from
0 to 6.9 mm, and the mean was 2.0 ± 1.7 mm (Table 1).
The mean postoperative angular change and the mean

postoperative linear change of UPC was 1.2° ± 1.0° and
2.7 ± 2.5 mm, respectively. The mean postoperative an-
gular change of LPC was 1.2° ± 0.9°, and the mean linear
change of LPC after surgery was 2.5 ± 3.2 mm, which

was significant (p = 0.013). The LLC angle was changed
on average 1.0° ± 0.8°and the mean distance LLC change
was 2.1 ± 1.4 mm (Table 2). The positional changes of
UPC, LPC, and LLC were 1.4, 1.3, and 1.1 times greater
in distance than the surgical change of the mandibular
midline, respectively.
Some parameters had significant correlations with

surgical movements of the maxilla and mandible. The
linear change in UPC was significantly negatively cor-
related with the lateral movement of the mandibular
dental midline by surgery (p = 0.006, r = − 0.226). The
angular and linear changes in LPC also showed a sig-
nificant positive correlation with the surgically in-
duced lateral movement of the mandibular dental
midline (p = 0.038, r = 0.280; p = 0.046, r = 0.266, re-
spectively). The angular change in LLC was signifi-
cantly positively correlated with the lateral movement

Fig. 1 Evaluation with P-A cephalograms for maxillary, mandibular midline deviation, and maxillary canting. Line A: horizontal reference line
between the right and left lateral orbitale. Line B: facial midline perpendicular to line A and through the midpoint of line A. MxMD: the amount
of maxillary midline deviation between line A and the maxillary dental midline. MnMD: the amount of mandibular midline deviation between line
A and the mandibular dental midline. M1ver: the vertical height of the maxillary right first molar using the most latero-inferior point of the
orthodontic tube. M1ver`: the vertical height of the maxillary left first molar using the most latero-inferior point of the orthodontic tube and the
amount of maxillary canting, that is, the difference between M1ver and M1ver′
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of the mandibular dental midline (p = 0.001, r = 0.484)
and negatively correlated with the maxillary canting
movement (p = 0.046, r = − 0.267; Table 3; Fig. 3). The
relationship between the linear change of LPC and
surgically induced lateral movement of the mandibu-
lar dental midline could be described by the following
regression equation: Y = 0.178X + 0.371, where Y is the
lateral linear change of LPC (mm) and X is the surgi-
cal change of the mandibular dental midline (mm).

Discussion
The philtrum is in the center of the face and is not a
prominent large structure. The philtrum center is
located on the facial midline in a symmetrical face [14–
17]. For the surgical plan to correct FA, the midline de-
viation of the maxilla from the facial midline must be
determined. The facial midline is usually defined as a
vertical line through the interpapillary midpoint, perpen-
dicular to the bipupillar line [5, 10]. However, the bipu-
pillar line cannot be the true horizontal line in FA,
because FA is occasionally combined with asymmetry of
the orbit and nose [9, 21]. Therefore, the facial midline
is frequently difficult to define in FA. In such cases, the
philtrum midpoint can be used as a reference point for
evaluation of the maxillary midline deviation, even
though the philtrum is also frequently deviated in pa-
tients with FA. The problem in using the philtrum as a
reference is its postoperative position change according
to the surgically induced lateral movement of the jaw.
The present study aimed to evaluate the relationship be-
tween the horizontal change of the philtrum and the
amount of surgical movement of the maxilla and man-
dible. The results showed that postoperative changes of
the philtrum midpoint were significantly correlated with
the lateral movement of the mandibular midline rather
than that of the maxillary midline.
FA accompanies perioral soft tissue asymmetry [9, 21],

and the correction of lip canting is one of the important
concerns for patients who undergo orthognathic surgery
[22, 23]. Most studies regarding postoperative changes
of the perioral soft tissue in FA showed that lip asym-
metry could be adequately corrected by occlusal cant-
ing correction [6, 8] or positional changes of the Me
[5, 10, 12], while some studies presented no significant
correlation between positional changes in the Me and
postoperative changes of lip canting [5, 13]. All studies
investigated angular changes of lip canting, angular
changes of the line connecting midpoints of the lower
and upper lips, and linear changes of the lip commis-
sure, but postoperative changes of the philtrum mid-
point have not been reported.
Soft tissue asymmetry has been reported to be

improved significantly after mandibular surgery only
[10, 11, 13], even though this is controversial [5]. Ac-
cording to the surgical change in the Me position, the
subnasal showed a statistically significant shift to a
symmetric position, while the alar base width remained

Fig. 2 Reference points and lines for measurement of the philtrum
position deviation on a frontal view of a clinical photograph. Line a:
interpupillar line as the horizontal reference line. Line b: facial
midline perpendicular to line a and through the interpupillar
midpoint. UPC: upper philtrum center as the midpoint of both the
upper end of the philtrum ridge just below the columella. LPC:
lower philtrum center as the midpoint of both the lower end of the
philtrum ridge just above the vermillion border. LLC: lower lip center
as the midpoint of the lower lip between both mouth corners

Table 1 Surgical changes measured in P-A cephalograms 1 month before and 6 months after surgery

Change of the maxillary midline Change of the mandibular midline Change of the maxillary canting

Surgical movement 1.3 ± 0.9 mm 1.9 ± 1.7 mm 2.0 ± 1.7 mm

The directions of surgical movements of the maxilla and mandible were unilateral from the deviated to the contralateral side; therefore, only the absolute amount
of surgical movement was calculated
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unchanged after surgery [12]. In relation to this result,
it is worthwhile to investigate the relationship between
surgical changes of the mandibular midline and postop-
erative positional changes of the horizontal philtrum
center. The present study also showed that the phil-
trum horizontal position was more tightly related to
the mandibular midline shift, while the maxillary mid-
line change showed only a slight influence. The pos-
itional changes of UPC, LPC, and LLC had greater
changes in distance than the surgical changes of the
mandibular midline. Maxillary canting correction was
correlated with an angular change of LLC, but not with
a linear or an angular change of UPC and LPC.
To explain the interrelationship between the surgi-

cal change of the mandible and postoperative changes
of the philtrum, the anatomy of facial muscles should
be described. Facial muscles around the philtrum
work together closely, and these muscles should be
considered as a system. Related muscles that run into
the philtrum directly are the orbicularis oris, levator
labii superioris, and zygomaticus. Incisive labii is a
horizontal portion of the orbicularis oris, and it starts
from the incisive fossa mingling into the mouth

corner with other facial muscles [24]. Vertically, the
orbicularis oris muscle disperses out from the upper
lip into the philtral groove, forming the structure of
the philtral ridge, which is very important for the rec-
ognition of lip convexity [25]. The levator labii is a
sheet-like muscle that extends from a rather small
area of the nasal alar to the maxillary bone and zygo-
matic bone. It acts as a background frame for the
orbicularis oris [24]. The zygomaticus attaches to the
superior part above the LeFort I osteotomy line. The
zygomaticus major starts from the zygomatic arch
and runs into the mouth corner. The zygomaticus
minor starts from the malar bone and mixes with the
levator labii superioris and upper lip. In summary, the
muscular components of the philtrum are mainly at-
tached to the maxilla above the LeFort I osteotomy
line [8]. At the anterior part of the maxilla, the sub-
mucosal tissue can attach to the philtrum, but the in-
fluence on changes of the horizontal philtrum
position cannot be great because of the perioperative
process of periosteal dissection. In the posterior part,
branches of the buccinator muscle can hold the lip to
the maxilla. However, as with the anterior part, the

Table 2 Postoperative angular and linear changes of the upper (UPC) and lower philtrum center (LPC) and lower lip center (LLC)

Change of the philtrum Change of LLC

UPC (°) UPC (mm) LPC (°) LPC (mm) LLC (°) LLC (mm)

Amount 1.2 ± 1.0 2.7 ± 5.5 1.2 ± 0.9 2.5 ± 3.2* 1.0 ± 0.8 2.1 ± 1.4

*p = 0.013 (Wilcoxon rank sum test)
UPC (°): angular change of UPC, which was measured between the facial midline and the line passing the interpupillary midpoint and UPC
UPC (mm): linear change of UPC, which was the perpendicular distance between the facial midline and UPC
Angle LPC: angular change of LPC, which was measured between the facial midline and the line passing the interpupillary midpoint and LPC
LPC (mm): linear change of LPC, which was the perpendicular distance between the facial midline and LPC
LLC (°): angular change of LLC, which was measured between the facial midline and the line passing the interpupillary midpoint and LLC
LLC (mm): linear change of LLC, which was the perpendicular distance between the facial midline and LLC

Table 3 Spearman’s correlation between surgical movements and changes of the upper philtrum center (UPC), lower philtrum
center (LPC), and lower lip center (LLC)

Surgical movements

Maxillary midline Mandibular midline Maxillary canting

Angular change of UPC p NS NS NS

r 0.156 0.288 0.038

Linear change of UPC p NS 0.006 NS

r 0.216 − 0.226 0.223

Angular change of LPC p NS 0.038 NS

r 0.215 0.280 0.016

Linear change of LPC p NS 0.046 NS

r 0.210 0.266 0.023

Angular change of LLC p NS 0.001 0.046

r 0.258 0.484 − 0.267

Linear change of LLC p NS NS NS

r 0.009 0.007 0.008

NS non-significant
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common stripping procedure for down fractures sepa-
rates most of the facial muscles in the molar area
from the bone surface. On the other hand, muscular
anchoring of the mentalis muscle to the skin and
orbicularis oris seems to be preserved in the man-
dible. The upper fibers of the mentalis muscle inter-
mingle with the orbicularis oris muscle and form the
lower part of the orbicularis muscle. Thus, the medio-
lateral movement of the mandibular midline can dir-
ectly influence the horizontal positional change of the
philtrum [26, 27]. On the other hand, the mentalis
muscle should be correctly repositioned and sutured
after genioplasty, and less tissue dissection during sur-
gery is needed for the physiological changes of the
philtrum after orthognathic surgery.
The changes of facial soft tissue can be differently

evaluated depending on the analysis methods or tools.
3D CT images were commonly used to analyze facial
soft tissue changes after surgery [28, 29]; Jeon et al. [12]
analyzed the perioral lip landmarks on three-
dimensional image from cone-beam computed

tomography taken before and 6months after the oper-
ation. 3D facial soft tissue scan images before and after
surgery have been also used to evaluate postoperative
changes of soft tissue [30, 31]. Jung et al. [30] investi-
gated the 3D changes in the 26 landmarks, and the rela-
tive ratio of the soft tissue movement to the bony
movement was evaluated with CBCT and 3D facial scan
images. However, those studies focused on analyzing the
changes of facial soft tissue in the anterior-posterior dir-
ection. Wermker et al. [31] used 3D symmetry index
and analyzed the change of landmarks horizontally; how-
ever, no meaningful result was obtained, because no pa-
tients with facial asymmetry were included. Our study
used facial photographs before and after surgery, which
can possess a disadvantage of being sensitive to the
shooting environment and measurement error in 2D
images.
In most FA, however, asymmetry of the lower one-

third tends to be greater than that of the midface, so the
amount of mandibular midline deviation was larger than
the amount of the maxillary midline deviation. It is

Fig. 3 Scatter plot that represents Spearman’s correlation between changes in the lip position and surgical movement
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worth considering the possibility that the effects of these
differences may have distorted the conclusions and fur-
ther study needs to be done.

Conclusions
Our results suggested that the horizontal philtrum pos-
ition is more constantly and conspicuously related to the
amount and direction of mandibular change than the
maxilla. This positional change of the philtrum should
be considered in surgical movement planning in patients
with FA.

Acknowledgements
Not applicable.

Authors’ contributions
YJ wrote the manuscript. HSP participated in the data collection. HJY
participated in the study design. SJH performed patients’ treatment and
corresponded to the manuscript. All authors read and approved the final
manuscript.

Funding
There was no funding in support of this study.

Availability of data and materials
Readers interested in the data should contact the authors.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Seoul National
University Dental Hospital (ERI19039).

Consent for publication
This manuscript does not contain any individual person’s identifier (including
individual details, images, or videos).

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Oral and Maxillofacial Surgery, School of Dentistry, Seoul
National University, 101, Daehak-ro, Jongno-gu, Seoul, South Korea. 2Seoul
Leaders Dental Clinic, 67, Dolma-ro, Bundang-gu, Seongnam-si, Gyeonggi-do,
South Korea. 3Orthognathic Surgery Center, Seoul National University Dental
Hospital, 101, Daehak-ro, Jongno-gu, Seoul, South Korea. 4HSJ Dental Clinic
for Oral and Maxillofacial Surgery, Wannam Building 2,3F, Seoul, 349
Gangnam-daero, Seocho-gu, Seoul 06626, Republic of Korea.

Received: 18 September 2019 Accepted: 9 October 2019

References
1. Yang HJ, Hwang SJ (2014) Change in condylar position in posterior bending

osteotomy minimizing condylar torque in BSSRO for facial asymmetry. J
Craniomaxillofac Surg 42:325–332

2. Cheong YW, Lo LJ (2011) Facial asymmetry: etiology, evaluation, and
management. Chang Gung Med J 34:341–351

3. Aoyama I, Oikawa T, Nakaoka K et al (2018) Lip morphology in patients with
facial asymmetry can be corrected by 2-jaw surgery. J Oral Maxillofac Surg
76:2404–2410

4. Kang DH, Park KR, Chung KJ et al (2015) The relationship between facial
asymmetry and nasal septal deviation. J Craniofac Surg 26:1273–1276

5. Suzuki-Okamura E, Higashihori N, Kawamoto T et al (2015) Three-
dimensional analysis of hard and soft tissue changes in patients with facial
asymmetry undergoing 2-jaw surgery. Oral Surg Oral Med Oral Pathol Oral
Radiol 120:299–306

6. Freudlsperger C, Ruckschloss T, Ristow O et al (2017) Effect of occlusal plane
correction on lip cant in two-jaw orthognathic surgery - a three-
dimensional analysis. J Craniomaxillofac Surg 45:1026–1030

7. Hajeer MY, Ayoub AF, Millett DT (2004) Three-dimensional assessment of
facial soft-tissue asymmetry before and after orthognathic surgery. Br J Oral
Maxillofac Surg 42:396–404

8. Kim YH, Jeon J, Rhee JT et al (2010) Change of lip cant after bimaxillary
orthognathic surgery. J Oral Maxillofac Surg 68:1106–1111

9. Ko EW, Huang CS, Chen YR (2009) Characteristics and corrective outcome of
face asymmetry by orthognathic surgery. J Oral Maxillofac Surg 67:2201–2209

10. Fujita T, Shirakura M, Koh M et al (2013) Changes in the lip-line in asymmetrical
cases treated with isolated mandibular surgery. J Orthod 40:313–317

11. Hwang HS, Min YS, Lee SC et al (2009) Change of lip-line cant after 1-jaw
orthognathic surgery in patients with mandibular asymmetry. Am J Orthod
Dentofac Orthop 136:564–569

12. Jeon EG, Lee ST, Kwon TG (2017) Perioral soft tissue change after
isolated mandibular surgery for asymmetry patients. J Craniomaxillofac
Surg 45:962–968

13. Yamashita Y, Nakamura Y, Shimada T et al (2009) Asymmetry of the lips of
orthognathic surgery patients. Am J Orthod Dentofac Orthop 136:559–563

14. Bidra AS, Uribe F, Taylor TD et al (2009) The relationship of facial anatomic
landmarks with midlines of the face and mouth. J Prosthet Dent 102:94–103

15. Bishara SE, Burkey PS, Kharouf JG (1994) Dental and facial asymmetries: a
review. Angle Orthod 64:89–98

16. Miller EL, Bodden WR Jr, Jamison HC (1979) A study of the relationship of
the dental midline to the facial median line. J Prosthet Dent 41:657–660

17. Nanda R, Margolis MJ (1996) Treatment strategies for midline discrepancies.
Semin Orthod 2:84–89

18. Alarabi AM, Revie GF, Bearn DR (2019) Quantification of maxillary dental
midline deviation in 2D photographs: methodology trial. Int Orthod 17:
312–323

19. Arnett GW, Bergman RT (1993) Facial keys to orthodontic diagnosis and
treatment planning--part II. Am J Orthod Dentofac Orthop 103:395–411

20. Kim HY (2013) Statistical notes for clinical researchers: evaluation of
measurement error 2: Dahlberg’s error, Bland-Altman method, and Kappa
coefficient. Restor Dent Endod 38:182–185

21. Baek C, Paeng JY, Lee JS et al (2012) Morphologic evaluation and
classification of facial asymmetry using 3-dimensional computed
tomography. J Oral Maxillofac Surg 70:1161–1169

22. Cho JH, Kim EJ, Kim BC et al (2007) Correlations of frontal lip-line canting
with craniofacial morphology and muscular activity. Am J Orthod Dentofac
Orthop 132(278):e277–e214

23. Sarver DM, Ackerman MB (2003) Dynamic smile visualization and
quantification: part 1. Evolution of the concept and dynamic records for
smile capture. Am J Orthod Dentofac Orthop 124:4–12

24. Norton NS, Netter FH (2017) Netter’s head and neck anatomy for dentistry.
Elsevier, Philadelphia

25. Latham RA, Deaton TG (1976) The structural basis of the philtrum and the
contour of the vermilion border: a study of the musculature of the upper
lip. J Anat 121:151–160

26. Hur MS, Kim HJ, Choi BY et al (2013) Morphology of the mentalis muscle
and its relationship with the orbicularis oris and incisivus labii inferioris
muscles. J Craniofac Surg 24:602–604

27. Iwanaga J, He P, Watanabe K et al (2017) Intraoral observation of the
mentalis and incisivus labii inferioris muscles. J Craniofac Surg 28:2159–2161

28. Almukhtar A, Khambay B, Ju X et al (2018) Comprehensive analysis of soft
tissue changes in response to orthognathic surgery: mandibular versus
bimaxillary advancement. Int J Oral Maxillofac Surg 47:732–737

29. Lo LJ, Weng JL, Ho CT et al (2018) Three-dimensional region-based study
on the relationship between soft and hard tissue changes after
orthognathic surgery in patients with prognathism. PLoS One 13:e0200589

30. Jung J, Lee CH, Lee JW et al (2018) Three dimensional evaluation of soft
tissue after orthognathic surgery. Head Face Med 14:21

31. Wermker K, Kleinheinz J, Jung S et al (2014) Soft tissue response and facial
symmetry after orthognathic surgery. J Craniomaxillofac Surg 42:e339–e345

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Joh et al. Maxillofacial Plastic and Reconstructive Surgery           (2019) 41:48 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

