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Purpose: Orthognathic surgery has the objective of altering facial balance to achieve esthetic results in
patients who have severe disharmony of the jaws. The purpose was to quantify the soft tissue changes
after orthognathic surgery, as well as to assess the differences in 3D soft tissue changes in the middle and
lower third of the face between the 1- and 2-jaw surgery groups, in mandibular prognathism patients.

Materials and Methods: We assessed soft tissue changes of patients who have been diagnosed with
mandibular prognathism and received either isolated mandibular surgery or bimaxillary surgery. The
quantitative surface displacement was assessed by superimposing preoperative and postoperative volu-
metric images. An observer measured a surface-distance value that is shown as a contour line. Differences
between the groups were determined by the Mann-Whitney U test. The Spearman correlation coefficient
was used to evaluate a potential correlation between patients’ surgical and cephalometric variables and
soft tissue changes after orthognathic surgery in each group.

Results: There were significant differences in the middle third of the face between the 1- and 2-jaw
surgery groups. Soft tissues in the lower third of the face changed in both surgery groups, but not
significantly. The correlation patterns were more evident in the lower third of the face.

Conclusion: The overall soft tissue changes of the midfacial area were more evident in the 2-jaw
surgery group. In 2-jaw surgery, significant changes would be expected in the midfacial area, but caution
should be exercised in patients who have a wide alar base.
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acial appearance is an important factor in interrela-
ionships between humans, and it affects social and
sychological development1; therefore orthognathic
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surgery has the objective of correcting skeletal dis-
crepancies, as well as altering facial balance, to
achieve esthetic results in patients who have severe
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152 SOFT TISSUE CHANGES IN MANDIBULAR PROGNATHISM
disharmony of the jaws.1,2 Thus the treatment goals of
rthodontics and orthognathic surgery have changed.
his paradigm shift in practice has placed more em-
hasis on normal soft tissue as a primary treatment
oal, whereas functional occlusion and normal skele-
al relationships have become secondary.3,4 The ideal
ositioning of the jaws through orthognathic surgery
oes not always result in an ideal soft tissue appear-
nce because the response of a patient’s facial soft
issue does not reflect the exact movements of the
nderlying jaws in a 1:1 ratio.5,6 Therefore treatment
bjectives should focus on the final soft tissue
hanges, and the ideal soft tissue proportions should
e considered when planning orthognathic surgery.7

The rate of bimaxillary (2-jaw) surgery in the treat-
ment of mandibular prognathism has increased be-
cause it leads to more favorable corrections of the
facial proportions and a better esthetic result with
increased stability.8 In addition, bimaxillary surgeries
ause minimal narrowing of the pharyngeal airway,
hich can prevent the development of breathing dis-
rders.9,10 It has been reported that the volume of the
pper part of the pharyngeal space is greater in man-
ibular prognathism patients11; therefore, bimaxillary

surgeries are preferable for maintaining the patient’s
airway.

The development of computer imaging technology
has allowed surgeons and orthodontists to analyze
facial structures in patients, visualize final treatment
goals, and assess the actual treatment results.12 Sev-
ral imaging-based methods for evaluating facial soft
issue changes after orthognathic surgery have been
eported, including lateral cephalometric radiogra-
hy, 3D computed tomography, and 3D laser scan-
ing.1,2,13,14 Although lateral cephalometric radiogra-

phy has been widely used to evaluate the facial
profile, this method is limited because much of the
3D structural information of the face is lost during the
2D data acquisition.1,12 Consequently, it is difficult to
dentify some of the landmarks that are located on
oth sides of the face and are often observed as
ouble images.15 Three-dimensional laser scanners
re preferable because patients are not exposed to
onizing radiation, they reproduce the color and tex-
ure of soft tissue more accurately, and 3D images can
e reconstructed immediately with the appropriate
oftware.2 However, a major drawback of facial scan-

ners is that they only produce images of the soft
tissue, not the underlying hard tissues.14

Numerous 2D studies have evaluated soft tissue
changes in mandibular setback (1-jaw) surgery alone
or compared the differences in soft tissue and hard
tissue changes in bimaxillary surgery.16,17 In contrast,
here are only a few studies concerning 3D evaluation
f soft tissue changes after orthognathic surgery in

andibular prognathism patients, especially with re-
pect to the various effects of isolated mandibular
etback surgery and bimaxillary surgery.

The establishment of cone-beam computed tomog-
aphy (CBCT) has made it possible to produce an
ccurate representation of both the hard and soft
issues of the face, using significantly less radiation
han conventional spiral computed tomography.12,18

In addition, CBCT scans have been reported to have
greater dimensional accuracy, without any clinically
significant differences between the measurements
made on the CBCT images and the corresponding
physical measurements.18 In addition, the volumetric
ssessment of the pharyngeal airway has been per-
ormed with CBCT scans.19,20

The goals of this study were as follows: 1) to quan-
ify the soft tissue landmark changes of the middle
nd lower third of the face after orthognathic surgery
n anteroposterior, transverse, and vertical directions by

easuring the distance between the coordinates; and 2)
o assess the patterns of 3D soft tissue changes between
- and 2-jaw surgeries. Our null hypothesis was that soft
issue changes of the middle and lower third of the face
o not differ between patients who have undergone
ither 1- or 2-jaw orthognathic surgery.

Materials and Methods

STUDY DESIGN/SAMPLE

CBCT scans were analyzed to assess facial soft tis-
sue changes in patients who had undergone bimaxil-
lary surgeries and those who had only undergone
mandibular setback surgeries. This study protocol was
approved by the Ethics Review Committee at Kangdong
Sacred Heart Hospital, Hallym University Medical Cen-
ter, Seoul, South Korea (Institutional Review Board 10-
123), and informed consent was obtained from all pa-
tients in this study. The study included CBCT scans of
mandibular prognathism patients who visited the De-
partment of Orthodontics at Kangdong Sacred Heart
Hospital for orthognathic surgery from December 2008
to August 2011. All of the subjects in this study had
undergone preoperative and postoperative orthodon-
tic treatments. Patients with a cleft lip or cleft palate
and patients with skeletal disharmonies due to trauma
or degenerative conditions, such as rheumatoid arthri-
tis of the temporomandibular joint, were excluded.
The surgery type was determined based on the lateral
cephalometric analyses and the clinical impression of
each patient. Patients who had maxillary retrusion
and severe midfacial concavity were treated with
2-jaw surgery.

STUDY VARIABLES

The primary predictor variable was surgery type,

and the patients were assigned to either the isolated
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KIM ET AL 153
mandibular setback surgery group or the bimaxillary
surgery group. The outcome variables were 6-month
postoperative changes of facial landmarks. Other vari-
ables included age, gender, surgical variables, and
lateral cephalometric analysis.

SURGICAL PROCEDURES

The 1-jaw patients underwent isolated mandibular
setback surgery with a sagittal split ramus osteotomy
(SSRO). The 2-jaw patients underwent SSRO of the
mandible and posterior impaction of the maxilla with
a Le Fort I osteotomy. SSRO of the mandible was
achieved with a short lingual osteotomy method for
enhanced stability.21 The posterior maxilla was im-

acted and was consequently rotated in a clockwise
irection, with the center of rotation located between
he anterior nasal spine of the maxilla and the upper
ncisal tip. Some of the 1- and 2-jaw patients under-

ent advanced genioplasty as an adjunctive proce-
ure. Rigid internal fixation of the maxilla and man-
ible was performed with miniplates and miniscrews,
nd intermaxillary fixation was applied for 1 week
fter surgery. Elastics were placed to stabilize the
cclusion after intermaxillary fixation.

IMAGE ACQUISITION

CBCT scans were performed before surgery (T0)
and 6 months after surgery (T1). Patients were asked
to bite with maximum intercuspation, and they were
not allowed to swallow, breathe, or move their heads
or tongues during image acquisition. All CBCT images
were obtained with the Master 3D dental imaging
system (Vatech, Seoul, South Korea) with the follow-
ing parameters: 90 kV, 3.6 mA, 15-second scan time,
and 20 � 19–cm field of view. The slice thickness
was set at 0.3 mm, and the voxels were isotropic.
Three-dimensional rendering was performed with
ITK-SNAP (open-source software).22

LATERAL CEPHALOMETRIC ANALYSIS
Lateral cephalometric images were acquired from

CBCT scans by importing the scans to the InVivo-
Dental software program, version 6.0 (Anatomage,
San Jose, CA), and creating an orthogonal projec-
tion with parallel rays (Fig 1). The lateral cephalo-
metric images were imported into the V-Ceph soft-
ware program, version 5.5 (Osstem, Seoul, South
Korea), for lateral cephalometric analysis. Land-
mark identifications and lateral cephalometric mea-
surements were performed by the same investiga-
tor (B.-R.K.).

FACIAL SOFT TISSUE CHANGES

The cranial base is a stable structure; therefore, it
was used as a reference point when the T0 and T1

images were registered.23 Registration was performed d
ith IMAGINE software (open-source software), and
he T1 image was reoriented in accordance with the
ranial base of the T0 image. After the registration
tep, skin segmentation was performed on the reori-
nted image, which was then converted into the open
nventor format (..iv) by use of Vol2Surf (publicly
vailable software). Subsequently, by use of CMF ap-
lication software (developed at the M. E. Müller
nstitute for Surgical Technology and Biomechanics,
niversity of Bern, Bern, Switzerland, under the fund-

ng of the Co-Me network), the quantitative surface
isplacement between the T0 and T1 images was
erformed by superimposing the 2 volumetric im-
ges.24 This allows the observer to measure a surface-

FIGURE 1. Images imported from CBCT scans by use of InVivo-
Dental software. A, Volume rendering image. B, Lateral cephalo-
metric image acquired from A.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Oral
Maxillofac Surg 2013.
istance value that is shown as a contour line (isoline)
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154 SOFT TISSUE CHANGES IN MANDIBULAR PROGNATHISM
on a color-mapped image (Fig 2). Positive measure-
ments indicate that the postoperative surface has
moved in an anterior, lateral, and superior direction,
and negative measurements indicate posterior, me-
dial, and inferior movement of the 3D surface model.

FIGURE 2. By use of CMF application software, the quantitative su
2 volumetric images. A, Image before color mapping applicati
surface-distance value with contour line (isoline). E, Color map
surface-distance value is possible.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Or
Soft tissue landmarks used in this study are defined in
Figure 3 and Table 1. All distances were measured to
he nearest 0.01 mm.

STATISTICAL ANALYSIS

SPSS software for Windows, version 12.0 (SPSS,

isplacement between T0 and T1 was performed by superimposing
s performed. B, Color mapping image. C, D, Measurement of
y adjusting the arrow and matching the isoline, measuring the

illofac Surg 2013.
rface d
on wa
bar. B
Chicago, IL), was used for all statistical analyses. To
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FIGURE 3. Soft tissue landmarks used in study: 1, pronasale (Pn); 2, right exocanthus–alar base (Rt.Exo-Al); 3, right cheek (Rt.Ck); 4, right
alar base (Rt.Al); 5, subnasale (Sn); 6, left alar base (Lt.Al); 7, left cheek (Lt.Ck); 8, left exocanthus–alar base (Lt.Exo-Al); 9, right cheilion–alar
base (Rt.Ch-Al); 10, right Cupid’s bow (Rt.Cu); 11, left Cupid’s bow (Lt.Cu); 12, left cheilion–alar base (Lt.Ch-Al); 13, right cheilion
Rt.Ch); 14, left cheilion (Lt.Ch); 15, lower lip (LL); 16, soft tissue B point (B=); and 17, soft tissue pogonion (Pog=). A, Frontal view; B,
ateral view.
im et al. Soft Tissue Changes in Mandibular Prognathism. J Oral Maxillofac Surg 2013.
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156 SOFT TISSUE CHANGES IN MANDIBULAR PROGNATHISM
evaluate the systemic error of the method used, 10
CBCT scans were randomly selected and all distances
were measured twice on each scan by the same in-
vestigator. A paired t test was used. Random errors for
the linear measurements were calculated with the
Dahlberg formula (Standard error � �d2/2n), where
d is the difference between repeated measurements
and n is the number of double recordings.25

Descriptive statistics, including the means and
standard deviations for each group, were calcu-
lated. The Mann-Whitney U test was used to deter-
mine whether there were significant differences in
soft tissue changes between the 1- and 2-jaw groups.
In addition, the Spearman correlation coefficient
was used to evaluate a potential correlation be-
tween patients’ surgical and cephalometric vari-
ables and soft tissue changes after orthognathic
surgery in each group. P � .05 was considered
statistically significant for all analyses.

Results

PATIENT DEMOGRAPHICS

A total of 25 consecutive mandibular prog-
nathism patients were included in this retrospec-

Table 1. DEFINITIONS OF SOFT TISSUE LANDMARKS U

Soft Tissue Landmarks

Lip measurements
Rt.Cu (right Cupid’s bow) Most promine
Lt.Cu (left Cupid’s bow) Most promine
Rt.Ch (right cheilion) Most lateral ex
Lt.Ch (left cheilion) Most lateral ex
LL (lower lip) Most promine

Cheek measurements
Rt.Ck (right cheek) Most promine
Lt.Ck (left cheek) Most promine
Rt.Exo-Al (right exocanthus–alar base) Intersection p
Lt.Exo-Al (left exocanthus–alar base) Intersection p
Rt.Ch-Al (right cheilion–alar base) Intersection p

right cheilio
right alar ba

Lt.Ch-Al (left cheilion–alar base) Point of inters
through left
through left

Chin measurements
Pog= (soft tissue pogonion) Most anterior
B= (soft tissue B point) Most concave

Nasal measurements
Pn (pronasale) Most anterior
Rt.Al (right alar base) Most lateral po

insertion of
Lt.Al (left alar base) Most lateral po

insertion of
Sn (subnasale) Point at which

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Or
tive study (Table 2). All the measurements were
free of any systemic error, and the random error
varied from 0.39 to 2.14 mm, which was consid-
ered insignificant.

Of the patients, 8 underwent SSRO only (6 men and
2 women), and the mean setbacks were 7.00 mm and
8.40 mm on the right and left sides, respectively. A
total of 17 patients underwent bimaxillary surgery (10
men and 7 women), with mean setbacks of 7.82 mm
and 8.00 mm on the right and left sides, respectively.
The posterior maxilla was impacted by a mean of 3.59
mm as measured at the upper first molar. Advanced
genioplasty was performed in 3 patients (3 men) in

STUDY

Definition

t of vermilion border of right Cupid’s bow of upper lip
t of vermilion border of left Cupid’s bow of upper lip
f outline of lip on right side
f outline of lip on left side
t of vermilion border of Cupid’s bow of lower lip

t of cheek on right side
t of cheek on left side
right exocanthus and right alar base
left exocanthus and left alar base

rmed by line parallel to midsagittal plane passing through
line perpendicular to midsagittal plane passing through

formed by line parallel to midsagittal plane passing
on and line perpendicular to midsagittal plane passing
ase

in chin
on curve between LL and Pog=

in nose
curved base line of alar on right side, indicating facial
ing base

curved base line of alar on left side, indicating facial
ing base
ella merges with upper lip in sagittal plane

illofac Surg 2013.

Table 2. DISTRIBUTION OF SUBJECTS (N � 25)

Classification No. of Patients

Age (yr)

P ValueMean SD

Male .88
1-Jaw 6 22.9 2.4
2-Jaw 10 23.5 1.9

Female .67
1-Jaw 2 22 3.1
2-Jaw 7 23.4 5.4

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Oral
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KIM ET AL 157
the 1-jaw surgery group, with a mean amount of 2.20
mm, and 6 patients (4 men and 2 women) in the 2-jaw
surgery group, with a mean amount of 1.59 mm
(Table 3).

The results for the bivariate analysis of the clinical
and demographic subject characteristics are listed in
Table 3. No statistically significant differences with
regard to lateral cephalometric variables were noted.

SOFT TISSUE ANALYSIS

To compare the soft tissue changes after surgery
between the 1- and 2-jaw surgery groups, the Mann-

hitney U test was used. There were statistically
ignificant differences between the 2 groups for the
ollowing parameters: left Cupid’s bow, right
heek, left cheek, left exocanthus–alar base, right
heilion–alar base, left cheilion–alar base, right alar
ase, left alar base, and subnasale. According to
hese data, the measurements showed higher values
n the 2-jaw surgery group than in the 1-jaw surgery
roup (Table 4).
As a result of surgery, the upper and lower lips
oved backward in the 1-jaw surgery group. How-

ver, in the 2-jaw surgery group, the upper lip moved
pproximately 1.5 mm forward and both cheilions
oved backward by 1.2 mm. The subnasale in the

-jaw surgery group moved 0.3 mm posteriorly,

Table 3. SAMPLE CHARACTERISTICS

1-Jaw (n � 8

Cephalometric variables
ANB (°) �2.30
Wits appraisal (mm) �8.71
Facial convexity (°) �6.61
Overjet (mm) �2.20
FMA (°) 26.64
Lower facial height (°) 50.35
Upper occlusal plane–FH (°) 7.86
Changes of SNA (°) 0.00
Changes of palatal plane (°) 0.00
Changes of A to N-perpendicular (mm) 0.00
Changes of gonial angle (°) 5.15
Changes of SNB (°) �4.26
Changes of mandibular plane angle (°) 3.22

urgical variables
Genioplasty (mm) 2.20
Posterior impaction (mm) 0.00
Mandibular setback on right side (mm) 7.00
Mandibular setback on left side (mm) 8.40

OTE. The Mann-Whitney U test was performed.
Abbreviations: SNA, sella–nasion–A point; SNB, sella–nasio

ngle between FH plane and mandibular plane; FH, Frankfo
*P � .01.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Or
hereas the alar base moved in a lateral and anterior T
irection and the pronasale moved superiorly and
nteriorly in the 2-jaw surgery group. Cheeks in the
-jaw surgery patients moved more anteriorly by ap-
roximately 3 mm (Tables 4, 5).
We used the Spearman correlation coefficient to

valuate the correlation between surgical and cepha-
ometric variables as well as soft tissue changes in
ach group. In the 2-jaw surgery group, the amount of
andibular setback on the right side was positively

orrelated to the right cheilion–alar base (P � .01)
nd the left side was negatively correlated to the right
lar base (P � .05). Changes of the sella–nasion–A
oint were negatively correlated to lower lip, soft
issue B point (P � .01), and soft tissue pogonion
P � .05). Changes of gonial angles were positively
orrelated to right alar base (P � .05). The correlation
etween changes of the sella–nasion–B point and soft
issue pogonion was statistically significant (P � .05).
n the 1-jaw surgery group, the amount of mandibular
etback on the right side was positively correlated to
oth cheeks (P � .05), and on the left side, it was
egatively correlated to the right Cupid’s bow (P �

01). The amount of advancement genioplasty was
ositively correlated to the right cheilion–alar base
P � .05). Changes of gonial angle were negatively
orrelated to the left exocanthus–alar base (P � .05).

n

P Value

95% Confidence
Interval

2-Jaw (n � 17) Minimum Maximum

�3.04 .46 �2.66 4.97
�13.88 .08 �2.44 12.29
�7.87 .69 �7.06 10.71
�2.75 .46 �4.38 3.75
29.54 .13 �12.81 3.27
51.79 .78 �8.10 5.16
9.72 �.99 �5.38 3.18
1.23 .15 �2.86 0.39

�0.33 .15 �3.72 0.49
2.95 .15 �5.33 0.58
1.56 .23 �4.47 11.66

�3.87 .61 �1.69 0.90
0.23 .62 �1.08 7.07

1.59 .33 �2.88 4.10
3.59 �.01* �4.48 �2.70
7.82 .45 �3.54 1.91
8.00 .57 �2.55 3.35

oint; ANB, the difference between SNA and SNB; FMA, the
rizontal plane.

illofac Surg 2013.
Mea
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he right cheilion was negatively correlated to
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158 SOFT TISSUE CHANGES IN MANDIBULAR PROGNATHISM
changes of the sella–nasion–B point and changes of
the mandibular plane angle (P � .05) (Tables 6, 7).

Discussion

Analysis of soft tissue changes in the 1- and 2-jaw
surgery groups showed variable results depending on
the specific parts of the face. The soft tissue changes
in the lower third of the face were similar in both
surgery groups, but the middle third of the face
showed significant differences between the 2 groups
(Tables 4, 5). The upper lip moved forward after 2-jaw
surgery, whereas 1-jaw surgery resulted in a backward
movement. The paranasal area (cheek, exocanthus–
alar base, cheilion–alar base) moved anteriorly in the
2-jaw surgery group and was almost unchanged in
patients who had undergone 1-jaw surgery. The mid-
facial changes were concentrated in the center of the
face around the nose, and the soft tissue changes
decreased in the infraorbital area. There were no
significant differences in chin-area changes between
the 2 types of surgery.

The soft tissue measurements related to the lower

Table 4. COMPARISON OF SOFT TISSUE
DISPLACEMENT BETWEEN 1-JAW AND 2-JAW
SURGERY GROUPS IN MIDDLE THIRD OF FACE

Mean (mm)

P Value

95% Confidence
Interval (mm)

1-Jaw
(n � 8)

2-Jaw
(n � 17) Minimum Maximum

Rt.Cu �0.40 1.55 .07 �3.90 0.01
Lt.Cu �0.78 1.34 .02* �3.94 �0.01
Rt.Ch �1.47 �1.21 .86 �1.82 1.30
Lt.Ch �2.11 �1.23 .15 �2.49 0.73
Rt.Ck 0.50 2.79 �.01† �3.40 �1.19
t.Ck 0.61 3.29 �.01† �3.67 �1.70
t.Exo-Al 0.99 1.71 .13 �1.75 0.30
t.Exo-Al 0.23 1.76 .03* �2.75 �0.33
t.Ch-Al 0.63 2.41 �.01† �2.82 �0.74
t.Ch-Al 0.16 2.54 �.01† �3.55 �1.22
n 0.66 1.46 .06 �1.59 0.01
t.Al �0.13 1.69 �.01† �2.32 �1.31
t.Al �0.17 1.75 �.01† �2.50 �1.34
n �0.30 0.70 �.01† �1.74 �0.27

OTE. The Mann-Whitney U test was performed.
Abbreviations: Lt.Al, left alar base; Lt.Ch, left cheilion;

t.Ch-Al, left cheilion–alar base; Lt.Ck, left cheek; Lt.Cu, left
upid’s bow; Lt.Exo-Al, left exocanthus–alar base; Pn, pro-
asale; Rt.Al, right alar base; Rt.Ch, right cheilion; Rt.Ch-Al,
ight cheilion–alar base; Rt.Ck, right cheek; Rt.Cu, right
upid’s bow; Rt.Exo-Al, right exocanthus–alar base; Sn,
ubnasale.

*P � .05.
†P � .01.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Oral
Maxillofac Surg 2013.
jaws were not significantly different in the 1- and
2-jaw surgery groups (Table 5). Horizontally, mandib-
ular setback surgery in both groups resulted in similar
changes of the soft tissue B point and soft tissue
pogonion, and the retraction of the lower lip also
showed no significant difference between the 2
groups.

However, significant differences between the 1-
and 2-jaw surgery groups were observed in the upper
lip and landmarks related to the nose and cheek areas
(Table 4). The upper lip moved backward in the 1-jaw
surgery group by 0.40 mm (right Cupid’s bow) to
2.11 mm (left cheilion). This result is consistent with
previous reports that showed that the upper lip had
retracted after isolated mandibular setback sur-
gery.6,16,26,27 In mandibular prognathism patients, the
upper and lower lips are influenced by the protruded
mandibular incisors, and because the mandible was
moved back by surgery, the maxillary incisors pro-
vided the main support for the upper lip, resulting in
the retruded position for the upper lip.6

In contrast, the upper lip moved forward after
2-jaw surgery (Table 4). This finding is similar to that
of Jensen et al,28 who reported that the occlusal plane
otates when rotational surgery is performed in the
axilla, and additional support is obtained for the

pper lip area. However, Altug-Atac et al29 reported
hat maxillary advancement had no effect on the an-
eroposterior position of the upper lip in patients
ho received bimaxillary surgery.
After 1- and 2-jaw orthognathic surgeries, both chei-

ions moved backward, and there was no significant
ifference in changes observed between the 2 types
f surgery (Table 4). Interestingly, the cheilions
oved backward after 2-jaw surgery, despite the for-
ard movement of the upper lip. A recent study

eported backward movement of the cheilions after
andibular setback surgery only,6 but there have

een no studies regarding cheilion changes after max-
llary rotational surgery in Class III malocclusion pa-

Table 5. COMPARISON OF SOFT TISSUE
DISPLACEMENT BETWEEN 1-JAW AND 2-JAW
SURGERY GROUPS IN LOWER THIRD OF FACE

Mean (mm)

P Value

95% Confidence
Interval (mm)

1-Jaw
(n � 8)

2-jaw
(n � 17) Minimum Maximum

LL �3.55 �3.53 .86 �1.85 1.83
B= �6.25 �7.26 .24 �1.11 3.13
Pog= �4.97 �4.95 .98 �2.67 2.62

NOTE. The Mann-Whitney U test was performed.
Abbreviations: B=, soft tissue B point; LL, lower lip; Pog=,

soft tissue pogonion.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Oral

Maxillofac Surg 2013.
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tients. On the basis of our results, it can be assumed
that the cheilions are mainly affected by the antero-
posterior position of the mandible, whereas the cen-
tral portion of the upper lip (Cupid’s bow) is primar-
ily influenced by the maxillary movement.

There was no significant difference in changes to
the nasal tips between the 2 surgery groups (Table 4).
Forward and upward movement occurred in both
groups. Park et al30 observed similar nasal tip changes
fter 2-jaw surgery resulting in superior and anterior
ovement of the maxilla and mandibular setback.

im et al6 also reported forward movement of the
nose tip after isolated mandibular setback by SSRO.
Jung et al14 suggested that mandibular setback affects
the nose and upper lip as the perioral musculature
undergoes remodeling.

The cheek area moved forward in both the 1- and
2-jaw surgery groups, but the amount of change ob-
served in the 2-jaw surgery group was significantly
greater than that observed in the 1-jaw surgery group
(Table 4). In their 3D soft-tissue studies, which used
laser scanning, Baik and Kim2 found that in patients
who had maxillary advancement and posterior impac-
tion, a forward movement of the paranasal area oc-

Table 6. CORRELATION BETWEEN SURGICAL AND CEPH
1-JAW SURGERY GROUP

Mandibular
Setback on Right

Side

Mandibular
Setback on Left

Side Geniop

Spearman
Correlation P Value

Spearman
Correlation P Value

Spearman
Correlation

Rt.Cu �0.21 .74 �0.98† �.01 0.16
Lt.Cu �0.67 .22 �0.56 .32 0.32
Rt.Ch �0.15 .80 �0.21 .74 0.63
Lt.Ch �0.31 .61 �0.56 .32 0.63
LL �0.67 .22 �0.56 .32 0.32
Rt.Ck 0.95* .01 0.08 .90 0.08
Lt.Ck 0.95* .01 0.08 .90 0.08
Rt.Exo-Al �0.66 .23 0.26 .67 �0.16
Lt.Exo-Al �0.56 .32 0.67 .22 0.00
Rt.Ch-Al 0.00 �.99 �0.29 .64 0.89*
Lt.Ch-Al �0.16 .80 0.55 .33 0.41
Pog= �0.21 .74 �0.67 .22 0.79
B= �0.31 .61 �0.56 .32 0.63
Pn 0.54 .34 0.54 .34 0.56
Rt.Al �0.54 .34 0.00 �.99 0.56
Lt.Al �0.52 .37 0.46 .44 0.18
Sn �0.52 .37 0.46 .44 0.18

Abbreviations: B=, soft tissue B point; LL, lower lip; Lt.Al, le
Lt.Ck, left cheek; Lt.Cu, left Cupid’s bow; Lt.Exo-Al, left exoc
right alar base; Rt.Ch, right cheilion; Rt.Ch-Al, right cheilion–
right exocanthus–alar base; Sn, subnasale; SNB, sella–nasio

*P � .05.
†P � .01.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Or
curred. McCance et al31 also reported that performance
f maxillary advancement resulted in movement of
he paranasal area in a forward direction at a 1.25:1
atio. These results suggest that 2-jaw surgery with
axillary advancement or posterior impaction could

e effective in augmenting the midfacial area.
Because midfacial convexity is increased by maxil-

ary surgery, the alar base showed significant lateral
ovement in the 2-jaw surgery patients (Table 4).
hese results are consistent with those of Park et al,30

who reported a widening of the alar base and the
nostrils after bimaxillary surgery in mandibular prog-
nathism patients with an alar cinch suture and a V-Y
closure. Honrado et al32 stated that maxillary move-
ment during treatment of skeletal Class II malocclu-
sion, Class III malocclusion, open bite deformity sig-
nificantly increased the inter-alar width regardless of
the amount and direction of rotation of the maxilla.
According to Altman and Oeltjen,33 increases in the
alar width are the result of the surgical approach to
the maxilla rather than the relocation of the maxilla
itself. Finally, 1-jaw surgery patients showed slight
narrowing of the alar base area, but this amount was
clinically insignificant.

Surgical outcome was more predictable in the

ETRIC VARIABLES AND SOFT TISSUE CHANGES IN

Changes of
Gonial Angle Changes of SNB

Changes of
Mandibular
Plane Angle

e
Spearman

Correlation P Value
Spearman

Correlation P Value
Spearman

Correlation P Value

0.50 .39 �0.20 .75 0.20 .75
�0.10 .87 0.40 .50 �0.40 .50
�0.10 .87 0.90* .04 �0.90* .04

0.00 �.99 0.70 .19 �0.70 .19
�0.10 .87 0.40 .50 �0.40 .50

0.46 .43 �0.21 .74 0.21 .74
0.46 .43 �0.21 .74 0.21 .74

�0.31 .61 0.41 .49 �0.41 .49
�0.90* .04 0.40 .50 �0.40 .50
�0.46 .43 0.62 .27 �0.62 .27
�0.67 .22 0.82 .09 �0.82 .09
�0.10 .87 0.60 .28 �0.60 .28

0.00 �.99 0.70 .19 �0.70 .19
�0.35 .56 0.71 .18 �0.71 .18
�0.71 .18 0.71 .18 �0.71 .18
�0.67 .22 0.67 .22 �0.67 .22
�0.67 .22 0.67 .22 �0.67 .22

base; Lt.Ch, left cheilion; Lt.Ch-Al, left cheilion–alar base;
s–alar base; Pn, pronasale; Pog=, soft tissue pogonion; Rt.Al,
ase; Rt.Ck, right cheek; Rt.Cu, right Cupid’s bow; Rt.Exo-Al,
int.
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160 SOFT TISSUE CHANGES IN MANDIBULAR PROGNATHISM
lated to the changes of the sella–nasion–A point, the
gonial angle, and the amount of mandibular setback.
Although significant differences between the 1- and
2-jaw surgery groups were observed in the midfacial
area, it was difficult to find significant correlations in
the soft tissue change patterns (Tables 6, 7). These
results are consistent with those of Cho and Yang,34

who reported that the ratio of the soft tissue displace-
ment in the middle third of the face varied because
the amount of soft tissue change is affected by soft
tissue manipulation during maxillary surgery. More-
over, the soft tissues of the mandible and the under-
lying jaw were closely related to each other, but the
soft tissue of the maxilla is strongly connected to the
nasal cavity as well as the upper jaw.34 In addition,
Betts et al35 stated that the soft tissue change is more
ffected by incisional location or suture type than the
axillary displacement from maxillary surgery. Man-

our et al36 reported that soft tissue was affected by
ostoperative swelling, formation of scar tissue, and
osition of the upper incisors resulting from a Le Fort
osteotomy. These results suggest that soft tissue

hanges related to the maxilla are more difficult to
redict than those associated with the mandible. The

Table 7. CORRELATION BETWEEN SURGICAL AND CEPH
2-JAW SURGERY GROUP

Mandibular
Setback on Right

Side

Mandibular
Setback on Left

Side

Spearman
Correlation P Value

Spearman
Correlation P Value

Rt.Cu 0.45 .16 0.33 .32
t.Cu 0.54 .09 0.38 .24
t.Ch 0.44 .18 0.26 .49
t.Ch 0.46 .16 0.49 .13
L 0.03 .94 �0.10 .78

Rt.Ck 0.32 .33 0.21 .54
Lt.Ck 0.44 .17 0.10 .98
Rt.Exo-Al 0.36 .28 0.19 .58
Lt.Exo-Al 0.01 .98 �0.24 .47
Rt.Ch-Al 0.08† �.01 0.39 .23
t.Ch-Al 0.38 .25 0.06 .99
og= 0.13 .70 �0.13 .70
= 0.22 .53 �0.04 .92

Pn 0.46 .15 0.45 .17
Rt.Al �0.45 .16 �0.61* �.05
Lt.Al �0.24 .47 �0.29 .39
Sn �0.33 .32 0.04 .90

Abbreviations: B=, soft tissue B point; LL, lower lip; Lt.Al, le
Lt.Ck, left cheek; Lt.Cu, left Cupid’s bow; Lt.Exo-Al, left exoc
right alar base; Rt.Ch, right cheilion; Rt.Ch-Al, right cheilion–
right exocanthus–alar base; Sn, subnasale; SNA, sella–nasio

*P � .05.
†P � .01.

Kim et al. Soft Tissue Changes in Mandibular Prognathism. J Or
forementioned studies investigated the difficulties s
f predicting the 2D soft tissue changes in the
idfacial area. However, our study identified the

orrelation between surgical and cephalometric vari-
bles and soft tissue changes in each group 3-dimen-
ionally (Tables 6, 7).

The overall soft tissue changes of the midfacial area
ere more evident in the 2-jaw surgery group than

he 1-jaw surgery group, but the correlated patterns
ere more evident in the lower third of the face. The

lar base showed significant lateral movement in the
-jaw surgery patients. One-jaw surgery patients showed
light narrowing of the alar base area, but this amount
as clinically insignificant.
The lower third of the face has changed in both

urgery groups, but the changes were not signifi-
antly different. On the basis of the data from our
tudy, we can conclude that there are significant dif-
erences in the changes observed in the middle third
f the face between the 1- and 2-jaw surgery groups.
n particular, the cheek area moved forward in both
he 1- and 2-jaw surgery groups, but the amount of
hange observed in the 2-jaw surgery group was sig-
ificantly greater.
A limitation of this study is the relatively small sample

ETRIC VARIABLES AND SOFT TISSUE CHANGES IN

ges of SNA
Changes of Gonial

Angle Changes of SNB

an
ion P Value

Spearman
Correlation P Value

Spearman
Correlation P Value

.50 �0.10 .77 0.23 .50

.59 �0.12 .73 0.30 .37

.77 �0.10 .77 0.05 .89

.96 �0.33 .33 �0.02 .96
† �.01 0.06 .87 �0.06 .85

.56 0.10 .77 0.05 .89

.98 0.24 .48 0.20 .56

.62 0.13 .70 0.17 .62

.49 0.42 .21 0.08 .82

.92 �0.11 .74 0.31 .35

.78 0.30 .38 0.08 .82
* .04 0.14 .69 0.65* .03
† �.01 0.03 .94 0.34 .31

.68 �0.22 .51 0.01 .99

.52 0.73* .01 �0.25 .47

.31 0.34 .31 0.09 .79

.47 0.06 .86 �0.31 .35

base; Lt.Ch, left cheilion; Lt.Ch-Al, left cheilion–alar base;
s–alar base; Pn, pronasale; Pog=, soft tissue pogonion; Rt.Al,
ase; Rt.Ck, right cheek; Rt.Cu, right Cupid’s bow; Rt.Exo-Al,
int; SNB, sella–nasion–B point.
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erative CBCT. However, we evaluated the 3D changes
of various soft tissue landmarks and compared the
changes based on the type of orthognathic surgery.
Long-term follow-up of these changes and increasing the
sample size may be helpful in understanding the remod-
eling that occurs in the soft tissue.

Our null hypothesis (ie, soft tissue changes in the
middle and lower third of the face do not differ
between 1- and 2-jaw surgery patients) was rejected.
In 2-jaw surgery, significant changes would be ex-
pected in the midfacial area, but because an increase
in the inter-alar width is inevitable, caution should be
exercised in patients who have a wide alar base.
Collaboration between surgeons and orthodontists
would be required at this point.
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