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The mean horizontal advancement of the maxilla (point A) was 6.12 mm, while that
of the mandible (point B) was -5.19 mm. The mean point A-nasion-point B angle was —4.1°
before surgery, and increased to 2.5° after surgery. The mean nasolabial angle was 72.7° before
surgery, and increased to 88.7° after surgery. The mean minimal distance between Rickett's
E-line and the upper lip was 6.52 mm before surgery and 1.81 mm after surgery. The ratio of
soft tissue change to bone change was 0.55 between point A and point A" and 0.93 between
point B and point B.

Patients with cleft lip and palate who underwent two-jaw surgery showed opti-

mal soft tissue changes. The position of the soft tissue (point A') was shifted by a distance equal
to 55% of the change in the maxillary bone. Therefore, bone surgery without soft tissue correc-

tion can achieve good aesthetic results.
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nathic surgery is not only to recover functions such as mastica-
tion and pronunciation, but also to improve facial aesthetics [3].

Orthognathic surgery is required in 25%-30% of patients with a Therefore, the ability to predict postoperative changes in bone

cleft lip and palate due to serious malocclusion, disturbance of and soft tissue is crucial. This study was conducted in order to
the growth of the jaws, and/or discrepancies in the development contribute to the accurate evaluation of such changes.
of maxillomandibular alignment [1,2]. The purpose of orthog- Previous studies have only focused on upper jaw or soft tissue
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alterations in cleft patients who underwent LeFort I osteotomy.
Since no studies, to the best of our knowledge, have been conduct-
ed on cleft patients who have undergone both LeFort I osteoto-
my and sagittal split ramus osteotomy (two-jaw surgery), or have
investigated soft tissue alterations caused by changes to the max-

illa and mandible, this study aimed to examine such changes.

Patients
The subjects were 26 patients with cleft lip and palate who un-
derwent two-jaw surgery performed by a senior surgeon between
August 2008 and November 2013. Eighteen of the subjects were
males and eight were females, and the subject were 18-38 years
of age (mean, 19.3 years). Unilateral cleft lip and palate was pres-
ent in 21 patients, while the remaining five patients had bilateral
cleft lip and palate. The mean follow-up period was 6.8 months
(range, 6-14 months).

Surgery was performed after wrist radiographs confirmed that
the growth plate was closed. Cephalometric analysis was con-
ducted before surgery and after the patients underwent both

LeFort I osteotomy and sagittal split ramus osteotomy.

Cephalometric method and statistical analysis

The cephalogram obtained before surgery was referred to as T1;
and the cephalogram obtained six months after surgery was re-
ferred to as T2. Tracing and cephalometric analysis of the lateral
T1 and T2 cephalograms were conducted. The Frankfort hori-
zontal line was designated as the X-axis, and the line passing thr-
ough the porion, perpendicular to the X-axis, was designated as
the Y-axis. Cephalometric anatomical landmarks and reference

lines were selected (Fig. 1).
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Skeletal changes in the maxilla and mandible were determined
by analyzing the sella-nasion-point A (SNA) angle and sella-na-
sion-point B (SNB) angle on T1 and T2, in which point A (sub-
spinale) was on the maxilla, and point B (supramentale) was on
the mandible. Changes from T1 to T2 in the point A-nasion-point
B (ANB) angle and the distance from point A and point B to the
X-axis and the Y-axis were also evaluated. Regarding soft tissue
changes, the following parameters were measured on T1 and
T2 in order to measure horizontal changes in the facial profile:
the distance from point A’ and point B’ to the Y-axis, the nasola-
bial angle, and the shortest distance between Rickett’s E-line and
the upper lip. In order to measure vertical changes in the facial
profile, the distance from point A"and point B’ to the X-axis, and
the ratio of upper lip length to lower lip length were measured on
T1and T2.

All tracing and cephalometric analysis were conducted twice
by two doctors who did not participate in the surgery. The Wil-
coxon signed-rank test was used for statistical analysis, with the

level of significance set at a P-value of < 0.0S.

Table 1 presents skeletal changes in the maxilla and mandible.
The mean horizontal advancement of the maxilla (Y-A) was
6.12 mm (P=0.022), while the mean vertical lengthening (X-
A) was 1.33 mm (P=0.572). The mean horizontal setback of
the mandible (Y-B) was —5.19 mm (P = 0.048), while the mean
vertical lengthening (X-B) was 0.98 mm (P =0.492).

The mean SNA angle showed a marked increase of 3.1°, from
78.4° before surgery to 81.5° after surgery (P =0.07). The mean
SNB angle showed a significant decrease of 3.7, from 82.7° be-
fore surgery to 79° after surgery (P=0.015). The mean ANB

S, sella: the estimated center of the bony contour of the preoperative sella turcica; N,
nasion: the most anterior point of the frontonasal suture; A, subspinale, the point at
the deepest midline concavity on the maxilla below the anterior nasal spine; Prn, pro-
nasale: the most prominent point on the apex of the nose; A', soft-tissue subspinale:
the point of greatest concavity in the midline of the upper lip; B, supramentale: the
point at the deepest midline concavity of the mandibular symphysis; B', soft-tissue
supramentale: the point of the greatest concavity in the midline of the lower lip; E-
line, a line drawn from the most prominent point on the apex of the nose (Prn) to the
soft tissue pogonion (Pg'); Cm-Sn-Ls, nasolabial angle; Ls, labrale superius: the most
prominent point on the prolabium of the upper lip; Cm, columella: the most anterior
point of the columella; Sn, subnasale: the deepest point in the nasolabial curvature;
FH, FH plane: the line connecting the porion and orbitale; Stms, stomion superius: the
lowermost point of the upper lip; Stmi, stomion inferius: the uppermost point of the
lower lip; Me', soft-tissue menton, the most inferior point on the chin; Po, porion: the
most superior point on the border of external auditory meatus; G, soft-tissue glabella:
the most anterior point on the soft-tissue glabella; Or, orbitale: the lowest point on
the inferior margin of the orbit; Li, labrale inferius: the most prominent point on the
prolabium of the lower lip.
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T1 (preoperative)

T2 (6 mo postoperatively)

Skeletal change

Landmark P-value
Mean SD Mean SD T2-T1 SD
X axis-A (mm) 44,53 4.77 45.86 3.97 1.33 4.96 0.572
Y axis-A (mm) 97.01 1.08 103.13 3.44 6.12 3.44 0.022%
X axis-B (mm) 91.07 7.78 92.05 7.61 0.98 6.36 0.492
Y axis-B (mm) 93.86 13.88 88.67 13.91 -5.19 7.18 0.048?
SNA () 78.40 5.30 81.50 3.84 3.10 4.07 0.070
SNB (°) 82.70 3.50 79.00 411 -3.70 3.37 0.015%
ANB () -4.10 4.31 2.50 3.14 6.60 3.60 0.002%

T1, preoperative stage (within a month before operation); T2, postoperative stage (six months after orthognathic surgery); SD, standard deviation; X axis-A, distance from the
A point to the X-axis (mm); Y axis-A, distance from the A point to the Y-axis (mm); X axis-B, distance from the B point to the X-axis (mm); Y axis-B, distance from the B point
to the Y-axis (mm); SNA, angle of the N-S to N-A line; SNB, angle of the N-S to N-B line; ANB, angle of the N-A to N-B line.

¥P-value < 0.05.

T1 (preoperative)

T2 (6 mo postoperatively)

Surgical change

Landmark P-value
Mean SD Mean SD T2-T1 SD
X axis-A" (mm) 4218 3.82 42.29 4.39 0.1 2.96 0.826
Y axis-A' (mm) 108.81 11.27 11219 11.15 3.38 6.23 0.105
X axis-B' (mm) 88.16 7.88 89.03 9.36 0.87 7.96 0.845
Y axis-B' (mm) 108.30 15.97 103.49 16.17 —4.81 8.11 0.105
Nasolabial angle () 72.70 5.30 88.70 3.84 16.00 9.35 0.002?
E-line (mm) 6.52 3.44 1.81 3.48 —4.71 3.02 0.002?
X axis-Prn (mm) 28.90 294 29.52 3.29 0.62 2.21 0.546
Y axis-Prn (mm) 128.5 12.01 128.99 10.58 0.44 7.06 0.492
Upper lip length (mm) 24.53 4.93 27.30 415 2.77 4.95 0.099
Lower lip length (mm) 54.27 5.50 53.44 5.41 —0.83 2.22 0.414
Lower lip/upper lip ratio 2.29 0.49 1.99 0.29 -0.31 0.49 0.050?
soft tissue A-A" (mm) 15.37 4.02 16.15 3.20 0.78 2.51 0.432
soft tissue B-B' (mm) 15.92 2.90 16.49 3.66 0.58 2.76 0.789

T1, preoperative stage (within a month before operation); T2, postoperative stage (six months after orthognathic surgery); SD, standard deviation; X axis-A’, distance from the
A point to the X-axis (mm); Y axis-A’, distance from the A" paint to the Y-axis (mm); X axis-B’, distance from the B’ point to the X-axis (mm); Y axis-B’, distance from the B’
point to the Y-axis (mm); nasolabial angle, angle of the columella tangent line to the upper lip tangent line; E-line, the shortest distance from the upper lip to E-line; X axis-
Prn, the distance from Prn to X-axis (mm); Y axis-Prn, distance from Prn to the Y-axis (mm); Upper lip length, distance from Sn to Stms (mm); Lower lip length, distance from
Stmi to Me’ (mm); soft tissue A-A’, distance from A to A" (mm); soft tissue B-B’, distance from B to B’'(mm).

P-value < 0.05.

angle increased significantly by 6.6°, from —4.1° before surgery
to 2.5° after surgery (P =0.002).

Table 2 shows soft tissue changes in the maxilla and mandible.
The mean horizontal advancement of point A" (Y-A") was 3.38
mm, while the mean vertical lengthening (X-A") was 0.11 mm.
The mean horizontal movement of point B' (Y-B") was —4.81
mm, while the mean vertical lengthening (X-B) was 0.87 mm.
None of these changes were statistically significant.

The mean nasolabial angle showed a significant increase of
16°, from 72.7° before surgery to 88.7° after surgery (P =0.002).
The minimal distance between Rickett’s E-line and the upper
lip showed a significant of 4.71 mm, from 6.52 mm before sur-
gery to 1.81 mm after surgery (P =0.002). The mean horizontal
advancement of the pronasale (Y-Prn) was 0.44 mm, while the

mean vertical lengthening (X-Prn) was 0.62 mm, neither of which
were statistically significant.

The mean upper lip length increased by 2.77 mm, from 24.53
mm before surgery to 27.30 mm after surgery, whereas the mean
lower lip length decreased by 0.83 mm, from 54.27 mm before
surgery to 53.44 mm after surgery, which were not significant
changes. The ratio of the lower lip to the upper lip decreased
from 2.29 before surgery to 1.9 after surgery (P=0.05), dem-
onstrating a significant change.

The soft tissue thickness of the upper lip, as determined by the
A-A’ distance, showed a mean increase of 0.78 mm, from 15.37
mm before surgery to 16.15 mm after surgery. The mean soft
tissue thickness of the lower lip, as determined by the B-B’ dis-
tance, increased by 0.58 mm, from 15.92 mm before surgery to
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Soft tissue Bone change

Ratio change (mm) (mm) Ratio
Y axis-A'/Y axis-A 3.38 6.12 0.55
X axis-A'/X axis-A 0.11 1.33 0.08
Y axis-B'/Y axis-B —4.81 -5.19 0.93
X axis-B'/X axis-B 0.87 0.98 0.89

Y axis-A’, distance from the A" point to the Y-axis (mm); Y axis-A, distance from
the A point to the Y-axis (mm); X axis-A’", distance from the A" point to the X-axis
(mm); X axis-A, distance from the A point to the X-axis (mm); Y axis-B’, distance
from the B" point to the Y-axis (mm); Y axis-B, distance from the B point to the
Y-axis (mm); X axis-B’, distance from the B" point to the X-axis (mm); X axis-B,
distance from the B point to the X-axis (mm).

16.49 mm after surgery. These changes were not statistically sig-
nificant.

Table 3 presents the ratio of soft tissue change to bone change.
For the maxilla and upper lip soft tissue, this ratio was 0.55 re-
garding mean horizontal advancement, while it was 0.08 for mean
vertical lengthening. For the mandible and lower lip soft tissue,
the ratio of soft tissue change to bone change was 0.93 regarding
mean horizontal retrusion was 0.93, while it was 0.89 for mean

vertical lengthening,

Case 1

A 20-year-old man with cleft lip and palate had a history of pri-
mary cheiloplasty three months after birth, palatoplasty at one
year of age, secondary cheiloplasty at seven years of age, and sec-
ondary cheiloplasty at eight years of age. The patient underwent
two-jaw surgery to correct a class ITI malocclusion that caused
problems with mastication and aesthetic dissatisfaction. A pre-
operative photo and cephalogram of the patient at 20 years of
age and a postoperative photo and cephalogram taken six months
after surgery are shown in Fig. 2.

The horizontal advancement of the maxilla (Y-A) was 4.6 mm,
the vertical lengthening (X-A) was 3.8 mm. the horizontal set-
back of the mandible (Y-B) was -8 mm, and the vertical length-
ening (X-B) was 1.3 mm. The SNA angle increased by 7°, from
75° before surgery to 82° after surgery. The SNB angle decreased
by 1°, from 83° before surgery to 82° after surgery. The ANB an-
gle increased by 8°, from —6° before surgery to 2° after surgery.
The horizontal advancement of point A’ (Y-A") was 5.7 mm, and
its vertical lengthening (X-A") was 1.9 mm. The horizontal move-
ment of point B’ (Y-B") was —7.9 mm, and its vertical lengthen-
ing (X-B") was 0.8 mm. The nasolabial angle increased by 35°,
from 65° before surgery to 100° after surgery. The minimal dis-
tance between Rickett’s E-line and the upper lip decreased by
5.9 mm, from 6.8 mm before surgery to 0.9 mm after surgery.
Upper lip length increased by 2.2 mm, from 27 mm before sur-
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(A) preoperative photography, (B) preoperative cephalogram, (C)
postoperative photography at six-month follow-up, (D) postopera-
tive cephalogram at six-month follow-up.

gery to 29.2 mm after surgery, and lower lip length increased by
0.5 mm, from 60.8 mm before surgery to 61.3 mm after surgery.
The ratio of the lower lip to upper lip decreased from 2.25 be-
fore surgery to 2.09 after surgery.

In conclusion, the ANB angle and nasolabial angle increased,
the minimal distance between Rickett’s E-line and the upper lip
decreased, and the ratio of the lower lip to upper lip converged
to an ideal number, resulting in an aesthetically improved facial

profile.

Even if patients undergo surgical correction for cleft lip and pal-
ate at a young age, 25% to 30% require orthognathic surgery due
to the development of severe midface retrusion [1]. In this study,
changes to the bone and soft tissue of the maxilla and mandible
in patients who underwent both LeFort I osteotomy and sagit-
tal split ramus osteotomy (two-jaw surgery) were examined and
compared with the ideal aesthetic standard.

The horizontal advancement of the maxillary soft tissue was
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55% of the horizontal advancement of the maxilla itself. The
maxillary soft tissue underwent 8% of the vertical lengthening
observed in the maxilla itself. The horizontal retrusion of the
mandibular soft tissue was 93% of the corresponding value ob-
served in the mandible. The mandibular soft tissue underwent
vertical lengthening to an extent corresponding to 89% of that
observed in the mandible itself.

The soft tissue thickness of the upper lip after two-jaw surgery
was predicted to decrease due to bone advancement; however,
contrary to this prediction, a mean increase of 0.78 mm was ob-
served. The soft tissue thickness of the lower lip was predicted
to increase due to bone retrusion, and, as predicted, a mean in-
crease of 0.58 mm was observed, although this change was not
statistically significant.

Soft tissue changes of the maxilla were small in comparison
with bone changes; however, the soft tissue changes caused by
bone changes of the mandible were substantial. The reason for
this discrepancy is that the soft tissue around the maxilla is more
closely interconnected to tissue in the nose, cheek, and the sur-
rounding area than is the soft tissue around the mandible. Fur-
thermore, soft tissue around the maxilla generally has much more
scar tissue due to previous palatoplasties [4]. Consequently, ad-
ditional procedures, such as paranasal augmentation, may be
helpful in order to ensure that the midface has the desired shape.
For the lower face, in contrast, additional augmentation is not
always required, and sagittal split ramus osteotomy alone can in-
duce bone changes that lead to the desired shape.

The SNA angle is an index showing the location of the maxilla
in relation to the anterior cranial base; a normal SNA angle is
82°+2° [S]. In this study, the mean SNA angles before and after
surgery were 78.4° and 81.5°, respectively; this does not reflect a
statistically significant change, although the mean angle after
surgery was within the normal range. The SNB angle is an index
showing the location of the mandible in relation to the anterior
cranial base; a normal SNB angle is 80°+2° [S]. In our study,
the mean SNB angle before surgery was 82.7°, decreasing to 79°
after surgery, which is within the normal range (P=0.015). The
ANB angle represents the relationship between the maxilla and
mandible; a normal ANB angle is 2°~4° [S]. The mean ANB
angle in this study was —4.1° before surgery, and was within the
normal range after the surgery (2.5° P=0.002).

The normal nasolabial angle is 102°+2° [S]. Prior to surgery,
the mean nasolabial angle was 72.7°, but after surgery, it was clos-
er to the normal range (88.7°, P=0.002). The normal minimal
distance between Rickett’s E-line and the upper lip is 4 mm or
less [S]. Before surgery, the value for this parameter was 6.52
mm, but it was within the normal range after surgery (1.81 mm,
P =0.002). The most aesthetically pleasing ratio of upper to low-
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er lip length is 1:2 [6]. After surgery, this parameter became close
toideal (1.99,P=0.05).

Solely as a result of changes to the maxilla and mandible in two-
jaw surgery, all values, including the nasolabial angle, the mini-
mal distance between Rickett’s E-line and the upper lip, and the
ratio of upper to lower lip lengths, which reflect soft tissue chang-
es, became ideal. Thus, bone surgery without soft tissue correc-
tion is capable of achieving good aesthetic results. For cleft pa-
tients, two-jaw surgery not only induces bone changes, but also
significantly affects soft tissues, thereby greatly improving facial
aesthetics.

Most of the patients were able to achieve a desirable outcome
after two-jaw surgery without additional aesthetic surgery, but
additional correction may be needed in some patients. The re-
sults reported in this article help to accurately predict soft tissue
changes following changes in the maxilla and mandible after
two-jaw surgery, thus potentially facilitating the prediction of
which patients may need additional aesthetic surgery.

No relapse was observed during the follow-up period.

One limitation of this study is the small number of patients.
Future studies should have a larger number of patients, as well
as a longer postoperative follow-up period, in order to study the
possibility of relapse, which, if existent, should be examined for

its severity and the exact degree of changes involved therein.
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